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Abstract. Using GBT data collected from the 1-2 GHz (L band), 2-3 GHz (S band), 8-10 GHz (X band), 18-26 GHz (K band) and 40–52 GHz (Q band) receivers, comparisons were made between the observed and the engineer’s values for the noise diode intensity, TCAL. New models were used with all receivers. There was great correlation at the lower frequencies and K band but mixed results with Q band. As such, the Q-band results will not be discussed at this time. For the most part, relative calibration is within 0.5% and absolute calibration is good to 5% due to systematics (i.e., linearities, DC offsets) as seen in the bumps and wiggles in our data.
Introduction. In this paper, we will compare the engineers’ noise diode temperature values with the astronomically-determined values for three receivers. Linear and circular polarization values were compared using the 1-2 and 2-3 GHz receivers, circular using the 8-10 GHz receiver, and linear for the 18-26 GHz receiver. Our main focus will be to describe our work in improving the techniques for calibrating data for the GBT.
Table 1 outlines the astronomical observations. Table 2 outlines the calibration parameters for the engineer’s values. Note that there are no engineer’s measurements for the L-band receiver; the astronomical observations were taken immediately following the reinstallation of the receiver on the GBT.
Table One. Calibration Observations.
	Receiver
	Source
	Date
	Observers

	L band
S band (low)
	3C147

3C48
	03 May 2005
02 Nov 2004
	Maddalena, Johnson

Maddalena, Johnson

	S band (high)
	3C286
	02 Feb 2005
	Maddalena, Johnson

	X band (low)
	3C48, 3C353
	25 Aug 2004
	Minter, Johnson

	X band (high)
	3C286
	02 Feb 2005
	Maddalena, Johnson

	K band
	3C286, 3C48
	06 Oct 2004
	Maddalena, Johnson

	Q band
	3C147
	08 Nov 2004
	Maddalena, Johnson


Table Two. Engineer’s Measurements.

	Receiver
	Bandwidth
	Date
	Engineer

	S band
	11 MHz
	21 Oct 2004
	Simon

	X band
	30 MHz
	10 Aug 2004
	Simon

	K band
	11 MHz
	19 Sep 2003
	Stennes

	Q band
	11 MHz
	04 Nov 2004
	Anderson


Data Collection. Using the Spectral Processor, data were collected in the Off-On, Total Power observing mode for L band, S band and X band. The scans covered 800 MHz and five iterations were done for each of these receivers. Both LoCals and HiCals were measured. We spent 120 seconds on-source and 120 seconds off-source. Due to the clear weather conditions, there was no need to do a tipping for the L-band, S-band or X-band observations; on 02 Nov 2004, the zenith opacity at 3 GHz was 0.0063 and our elevation was nearly 70° and under these conditions, the correction factor is a mere 0.006% ± 0.0001%. Extremely low opacities were also measured during the other low-frequency observations. Due to the high probability of RFI-contaminated data, filters were narrowed. 
For the high-frequency K-band receiver, data were collected in the Nod, Total Power observing mode. Overlapping 800-MHz bandpasses were offset by 700 MHz. Scans were taken as we traveled up and down the band. Integration time was as low as 30 seconds due to the high signal-to-noise ratio.

Each observation has 1024 channels. Focusing and pointing were done beforehand to ensure that we were aimed directly at the desired calibration source. The IF rack and the spectrometer were balanced prior to each iteration. Typically one complete bandpass of a receiver was measured within a couple of hours.

Calculations. Our new techniques for calibrating data for the GBT employ the use of glish scripts (see Appendices). 

Since the atmosphere is much clearer at lower frequencies, opacity was not as difficult to determine. For L-band and S-band, we used tauzenit=0.0063. For X-band we used the parameters of the linear fit. Figure 1 shows how this was accomplished for X band where the data points were generated from the established Peng, et al values. For K-band, this was more complicated and involved a ninth-order polynomial fit. Figure 2 shows how Ron’s weather page (http://www.gb.nrao.edu/~rmaddale/Weather/opacity.html) was used to generate opacities at specific frequencies and the resultant line of best fit.

Figure One. Opacity Curve for X-band.
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Figure Two. Opacity curve for K band.
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Gain is the ratio between the measured engineer’s TCAL values and the calculated astronomical TCAL values.  For this, we used the getscal_Tsys_blah.g script with the following modifications:
· Opacity was specified according to our calculations (described above).
· For L band, S band, and X band, efficiency was set to 70% since this is the presumed efficiency of the GBT at low frequencies. For K band, eta was not specified.
· Frequency resolution matched the engineer’s data.
Gain was calculated by dividing the engineer’s measured TCAL values by the raw SCAL measurements. The inverse wavelength (frequency2/302) was calculated and plotted against the gain. As shown in Figure 3, the linear trend implied that our data were consistent. An exponential fit was plotted over the data to determine the correlation. In this case, the slope was -0.094 and the standard deviation a mere 0.143. By doing so, we could then precisely calculate opacity and efficiency. Within getscal_Tsys_blah.g, the parameters of this line were entered as the eta_vec[i] term for the K-band data, eta_vec[i] := (1.66152638/2.8)*exp(-0.054304736*invwl2).
Figure Three. Gain curve associated with K-band data.
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Gain was not calculated for the L-band, S-band and X-band data because we are confident that the efficiency is 70% for these receivers. 
Once the appropriate modifications for tau and eta were made within the getscal_Tsys_blah.g script, data were written to a file using the caldump function

- f := fopen (‘x35_11.dat’, ‘w’)
- caldump (getscal (OnScan, OffScan, fres=1, nfeed=1, nif=1), f, 1, 1) 
- fclose (f)

Of course, both nif and nfeed need to reflect the IF rack number and the feed number, respectively. The last two numbers represent the number of channels that were dropped from the beginning (bdrop) and end (edrop) of each scan. This was to eliminate duplication at the front and back ends of our overlapping scans. When collecting feed 2 data, the OnScan and OffScan numbers need to be in reverse order. 

- f := fopen (‘x35_21.dat’, ‘w’)
- caldump (getscal (OffScan, OnScan, fres=1, nfeed=2, nif=1), f, 1, 1) 
- fclose (f)

In the case of L-band, S-band and X-band data, we were able to streamline our process by collecting the data in sequence and dumping all iterations into one file

- f := fopen (‘s13_11.dat’, ‘w’)
- for (i in seq (13, 21, 2)) {caldump (getscal (i, i+1, fres=1, nfeed=1, nif=1), f, 1, 1)}
- fclose (f)
In this example, 12 represents the first OnScan, 21 the last OffScan, and 2 the interval. Again, a slight modification was necessary for feed 2 data:

- f := fopen (‘s13_21.dat’, ‘w’)
- for (i in seq (13, 17, 2)) {caldump (getscal (i+1, i, fres=1, nfeed=2, nif=1), f, 1, 1)}
- fclose (f)
Once the data were collected, they were transferred into a PSI-Plot spreadsheet, where the data were manipulated. A series of manual elimination of obvious outliers, sieving, averaging, and smoothing were used to present a “cleaned” version of the data. These astronomically derived data were then plotted versus the engineer’s TCAL measurements.
Theory. When measuring the 
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, one must keep in mind that it is dependent on both weather and elevation. The new method described in this paper aims to eliminate these factors. 

Ideally, the power difference seen when off-source and on-source should be the same whether one is looking at the signal or the reference. 
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But our system is not linear so this is not the case.

SCAL is dependent on elevation: 
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the measure of the opacity of the atmosphere and can change with frequency and A is the inverse of the sine of the angle of elevation. Instead of using tipping data to determine opacity, we used the current weather data from three local airports to determine the opacity at various frequencies. A line of best fit was then fit to our data and the corresponding parameters were used to calculate SCAL. 

As can be seen in Equation 1, elevation and frequency are major factors when attempting to calculate system temperatures.
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Vertical weather data can be used to determine the radiative transfer effects on the 
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 term. The strong correlation between atmospheric temperature, TATM, and opacity necessitate us to constrain one or the other term via independent means. If TATM is grossly over-estimated, opacity will be grossly underestimated. This is why it is critical to use current weather data for the GBT.
TCAL, on the other hand, is independent of elevation and weather. 
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, where AP = area of dish. It is related to the angular size of our target in the sky. If we’re looking at something as large as the Moon, the efficiency of the antenna is quite high but if our target is a point source, 
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, which means that the efficiency of the antenna is approximately 70%. It is possible to achieve greater efficiency but the resultant side lobes would create many problems. A precise measurement of efficiency is needed in calibration studies. We determined the efficiency as a function of both elevation and frequency  
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Most astronomers use 
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 to calibrate their data. However, this results in untrue calibration values. Non-linearities exist such that 
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Error Budgets. The errors for TCAL and Tsys are directly related to the change in flux vs. actual flux 
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 and we know this to be 2-3%.
Looking at a plot of the result of the fit of the K-band gain curve, we notice a slight slope which confirms our suspicions that efficiency is lower at higher frequencies. In Figure 3, we can also see the effects of the beam offsets, feeds 1 & 3 vs. feeds 2 & 4.

The multiple iterations of each bandpass provide for believable data. Therefore, repeatability is high.
In the radiometer equation (Equation 2), 
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we can assume that TSYS >> TCAL and then our calculations are simplified to 
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 which will provide us the error associate with integration time. Our results showed that with 1-second integration time, you get a 2% error and with 30-seconds you get 0.4% error. Since our integration times were 120 seconds, we can expect this error to be less than 0.2%.
We can assume 2K for our source when measuring the effect of 
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 on our results:
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 and determine that a non-linearity of 10% will result in a 0.5% error in TCAL.
L-band Results.  The astronomically derived TCAL values for this receiver have been scrutinized thoroughly.  We investigated the relationship that exists between the power coming out of the system and that which is entering the system. (POUT  = αPIN). The addition of the calibration source results in 
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 where γ is a measure of how much α is changing. We noticed that it was no linear relationship between flux and gamma. Therefore, 
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Other possible scenarios include:
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Where SIGON denotes the power when sitting on the source with the noise diode on, SIGOFF denotes the power when sitting on the source with the noise diode off, REFON denotes the power when sitting off the source with the noise diode on, and  REFOFF denotes the power when sitting off the source with the noise diode off,  we want 
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 … but in the present case, this is not true.

Expanding:  
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If A were independent of 
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but we’re not seeing this, so A can not be independent of 
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If we assume A = Γ* PIN + Δ (where Γand Δ are some constants), we expand to
Γ* (PSKY+ PSRC + PCAL - PSKY - PSRC), which reduces to 
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A second-order expansion (Equation 3) was then investigated where 
POUT = A + B*PIN + C*P2IN. 




                   (3)

Seeing an extremely small change in PIN led us to believe that this must be true.
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 and we are safe to assume PCAL<<PSKY  (~2 K vs. ~20 K, respectively). Expanding, we have:
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and 
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 is so small, forget it. We were left with:  
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In a perfect world, SIGON - SIGOFF - (REFON - REFOFF) should equal zero,  but, unfortunately,  this is not the case so we will call is “resids”.
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 is the same as saying SIGON - SIGOFF - (REFON - REFOFF). Since POUT = A + B* PIN + C* P2IN and 
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 , we are left with B + 2C*PSRC = RESIDS
Going back to Equation 3, we know POUT and have C, so now we can calculate the flux of the source; 
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 = flux of source. Substituting back in to Equation 3 , A drops out and we have 
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Solving for B (with the assumptions that A=0 and C=0), we are left with 
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Checking our assumptions, we let DIFFS = SIGOFF – REFOFF and 
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 The fractional error in B is 
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 and since ΔB is so small, our fractional error is extremely low. 

L-band data were also scrutinized in association with the Hogg, et al. H-I galaxy profile project. All in all, we are quite confident about the reliability of the L-band astronomical TCAL values. The high and low calibration values are shown in Figures 4 through 7 for linear and circular polarizations. Figures 8 and 9 show the system temperatures for linear and circular polarizations, respectively.
In the rush to re-install the L-band receiver on the telescope during the first week of May 2005, engineer’s values were not made in the lab. Due to its large size, taking such measurements on the telescope is not possible. 
Figure Four. L-Band Low Cals for Linear Polarization.
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Figure Five. L-Band High Cals for Linear Polarization.
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Figure Six. L-Band Low Cals for Circular Polarization.
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Figure Seven. L-Band High Cals for Circular Polarization.
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Figure Eight.  L-Band System Temperatures for Linear Polarization.
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Figure Nine. L-Band System Temperatures for Circular Polarization.
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S-band Results. As can be seen in Figures 10 through 15, we show good correlation between the engineer’s measured TCAL values and the calculated astronomical TCAL values. This is true for both the high and low cals for linear polarization. Since there are no engineer’s values for circular polarization, we made the assumption that since the linear polarization values were in great agreement we could trust that the circular polarization values would be similarly correlated. System temperatures were calculated from the astronomical TCAL values and are shown in Figure 16 and 17 for linear polarization and circular polarization, respectively.
Figure Ten. S-Band Low Cals for X-Linear Polarization.
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Figure Eleven. S-Band Low Cals for Y-Linear Polarization.
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Figure Twelve. S-Band High Cals for X-Linear Polarization.
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Figure Thirteen. S-Band High Cals for Y-Linear Polarization.
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Figure Fourteen. S-Band Low Cals for Circular Polarization.
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Figure Fifteen. S-Band High Cals for Circular Polarization.
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Figure Sixteen. S-Band System Temperatures for Linear Polarization.
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Figure Seventeen. S-Band System Temperatures for Circular Polarization.
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X-band Results. Both the low cals and the high cals show a good correlation between the measured engineer’s TCAL values and the astronomical TCAL values. These results can be seen in Figures 18 through 21. We calculated system temperatures from the astronomical TCAL values and are shown in Figure 22.
Figure Eighteen. X-band Low Cals for Right Circular Polarization.
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Figure Nineteen. X-band Low Cals for Left Circular Polarization.
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Figure Twenty. X-band High Cals for Right Circular Polarization.
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Figure Twenty-One. X-band High Cals for Left Circular Polarization.
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Figure Twenty-Two. X-Band System Temperatures for Circular Polarization.
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K-band Results. The K-band data are presented in a slightly different manner. Since there are four feeds associated with this receiver, the calculated astronomical TCAL values are graphed with respect to the measured engineer’s TCAL values for that feed. Multiple passes up and down each band provide for good correlation between the measured engineer’s TCAL values and the calculated astronomical TCAL values which can be seen in Figures 23 through 26. Figures 27 through 30 show the calculated TSYS values for each feed.
Figure Twenty-Three. K-band Cals for Feed 1.
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Figure Twenty-Four. K-band Cals for Feed 2.

[image: image68.emf]Frequnecy (MHz)


17000


18000


19000


20000


21000


22000


23000


24000


T


CAL


 (K)


0.0


2.0


4.0


6.0


8.0


10.0


  K band  ...  Feed 2


Circular Polarization


Created with PSI-Plot, Sat May 21 10:13:32 2005


K_Feed2_blah.pgw


Legend


Ast Right


Ast Left


Eng Right


Eng Left




Frequnecy (MHz)

17000 18000 19000 20000 21000 22000 23000 24000

T

CAL

 (K)

0.0

2.0

4.0

6.0

8.0

10.0

  K band  ...  Feed 2

Circular Polarization

Created with PSI-Plot, Sat May 21 10:13:32 2005

K_Feed2_blah.pgw

Legend

Ast Right

Ast Left

Eng Right

Eng Left


Figure Twenty-Five. K-band Cals for Feed 3.
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Figure Twenty-Six. K-band Cals for Feed 4.
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Figure Twenty-Seven. K-Band System Temperatures for Feed 1.
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Figure Twenty-Eight. K-Band System Temperatures for Feed 2.
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Figure Twenty-Nine. K-Band System Temperatures for Feed 3.
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Figure Thirty. K-Band System Temperatures for Feed 4.
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Summary.

While traditional tipping methods provide opacity data, a new method has been devised which takes into account the frequency and elevation dependence of opacity. Using current weather data, the observer is able to better determine tau. The more precise opacity and efficiency models provide greater reliability of astronomical TCAL values and the subsequent TSYS values. In addition, the astronomical observations take less time, less effort, and produce more repeatable and accurate results than the traditional engineer’s methods. 

For each of the four receivers (L band, S band, X band, and K band) tested, absolute calibration is good to about 5%; this proves that the new calibration method is worthy of further investigation.
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Appendix A.  Glish script used to import Ott (ott.g) values for calibration sources.
# implements table 5 of Ott et al, A&A 284, 331.

# source is the source name as given in table 5

# freqmhz is the frequency in MHz at which the

# spectral fit for that source is to be calculated.

# returns S(Jy) the flux in Jy. It returns a value

# of 0.0 if the source is not found.

# If the frequency is out of the range given in

# table 5 for that source, the parameters are still used

# to calculate S(Jy) but a warning is also printed.

# example:

#   ott  :=  otttable5()

#   sjy  :=  ott.sjy('3C218', 1421.4058)

const otttable5  :=  function()

{

     private  :=  [=];

     public  :=  [=];

     # log S[Jy]  =  a  +  b*log nu [MHz]  +  c * log^2 nu [MHz]

     private["3C48"]           :=  [range=[  1408, 23780],  a=2.465, b=-0.004, c=-0.1251];

     private["3C123"]         :=  [range=[  1408, 23780],  a=2.525, b= 0.246,  c=-0.1638];

     private["3C147"]         :=  [range=[  1408, 23780],  a=2.806, b=-0.140, c=-0.1031];

     private["3C161"]         :=  [range=[  1408, 10550],  a=1.250, b= 0.726,  c=-0.2286];

     private["3C218"]         :=  [range=[  1408, 10550],  a=4.729, b=-1.025, c=-0.0130];

     private["3C227"]         :=  [range=[  1408,   4750],  a=6.757, b=-2.801, c=  0.2969];

     private["3C249.1"]       :=  [range=[  1408,  4750],  a=2.537, b=-0.565, c=-0.0404];

     private["VirA"]             :=  [range=[  1408, 10550],  a=4.484, b=-0.603, c=-0.0280];

     private["3C286"]         :=  [range=[  1408, 43200],  a=0.956, b=  0.584, c=-0.1644];

     private["3C295"]         :=  [range=[  1408, 32000],  a=1.490, b=  0.756, c=-0.2545];

     private["3C309.1"]      :=  [range=[  1408, 32000],  a=2.617, b=-0.437, c=-0.0373];

     private["3C348"]         :=  [range=[  1408, 10550],  a=3.852, b=-0.361, c=-0.1053];

     private["3C353"]         :=  [range=[  1408, 10550],  a=3.148, b=-0.157, c=-0.0911];

     private["Cyg A"]          :=  [range=[  4750, 10550],  a=8.360, b=-1.565, c=0.0       ];

     private["NGC7027"]    :=  [range=[ 10550, 43200],  a=1.322, b=-0.134, c=0.0       ];

     # get set of Sjy for source, one for each freqmhz (Frequency in MHz)

     const public.sjy  :=  function (source, freqmhz)  {

          wider private;

          result  :=  array(0.0,len(freqmhz));

          if (has_field(private, source))  {

               this  :=  private [source];

               if (any(freqmhz < this.range[1]) || any (freqmhz > this.range[2]))  {

                    print "Some of the requested frequencies for source ",source;

                    print "  are out of the range in Ott et. al.  :",

                               this.range;

                    print "The extrapolated source fluxes should be used with caution.";

               }

               logf  :=  log(freqmhz);

               result  :=  this.a  +  this.b*logf  +  this.c*logf*logf;

               result  :=  10.0 ^ result;

          }

          return result;

     }

     const public.done  :=  function()  {

          wider private, public;

          val private.done  :=  F;

          val public.done  :=  F;

          return T;

     }

     const public.sources  :=  function()  {

          return field_names(private);

     }

     return ref public;

}

const ott  :=  otttable5();

Appendix B.  Glish script (getscal_Tsys_blah.g) used to determine TCAL values.
# Correction for source size? (3C48, generic if user supplied?).

# Need ability to make use of this in other calibrations.

# 1) replace filled Tcal values with calculated ones.

#    a) per receiver, all scans

#    a) per receiver, limited scans

#    c) per receiver, time range

# 2) calibrate with a given Tcal in the argument list, default to

#     filled Tcal.

# 3) add additional unit of just Ta so that no correction for eta

#     and tau are done there.

# 4) Direct use of Scal to get units of Jy.

# 5) Improved ability to specify tau and eta so that agreement between

#     Scal and calib can be assured.

# 6) Integrate these results seamlessly into Jim's K-band calibration scripts.

# priority 6, 4 & 2, 5, 3, 1

include 'ott.g';

# onscan = scan number for on-source data

# offscan = scan number for off-source data.  Uses LASTOFF from GO FITS file if not specified.

# fres = frequency resolution (MHz) to use in solving for Scal.  Defaults to 1 Mhz.

# calsource = source name of calibrator.  If unset use source name in onscan.

# calflux = flux (Jy) of calsource.  If unset, get from Ott paper (ott.g).

# eta = aperture efficiency.

# tauzenit = opacity at zenith

# plot = if T, will plot the scal_vec spectra

# overlay = if T and plot is T, will overlay plot of scal_vec on dish plotter's current plot.

# returns a record containing 

#   scal (average, one per polarization),

#   scal_vec (one per polarization, at specified resolution)

#   tcal (average, one per polarization),

#   tcal_vec (one per polarization, at specified resolution)

#   freq (frequency values used to calculate scal_vec and tcal_vec)

#   onscan - on source scan number, copy of input argument

#   offscan - actual off source scan number used

#   fres - actual frequency resolution used, in MHz

#   ns - number of channels that correspond to fres

#   elev - elevation (deg) used in atmosphere (tau) correction

#   calflux - the calibrator flux at each freq value

#   tauzenit - the actual opacity at zenith used

#   eta - the actual aperture efficiency used.

#   receiver - the name of the receiver

#   feed - the name of the feed

#   receptors - the name of the receptors, one for each polarization

#   polarization - the name of the polarization,  one for each receptor

# This will return a fail (is_fail(result) will be T) if something

# goes wrong - usually a defaulted argument isn't sufficient to

# determine what the true value to be used is (e.g. the calsource

# isn't in available by that name, the offscan or onscan can't be

# found, etc).

getscal := function  (onscan, offscan=unset, fres=unset, calsource=unset,



      calflux=unset, eta=unset, tauzenit=unset,



      nif=F,nfeed=1,  plot=F, overlay=F) 

{

    result := [=];

    # get the switching state information for onscan

    q := d.qsp(onscan);

    if (is_boolean(q)) {


fail('Could not find requested on scan');

    }

    if (len(q.uphases) !=2) {


fail('There are more than 2 switching states in the on scan, this only works for cal-on and cal-off');

    }

    # get the data for sig with cal and sig without cal

    vsigon := d.getr(onscan, 2, nif=nif, nfeed=nfeed);

    vsigoff := d.getr(onscan, 1, nif=nif, nfeed=nfeed);

    if (is_fail(vsigon) || is_fail(vsigoff) || is_boolean(vsigon) || is_boolean(vsigoff)) {


fail('Could not retrieve raw data for on scan');

    }

    # verify that vsigon is cal on and vsigoff is cal off

    if (vsigon.other.state.CAL == vsigoff.other.state.CAL) {


# oops, same CAL state, bail out


fail('Both states in the on scan have the same CAL switching state.');

    }

       if (vsigon.other.state.CAL == 0) {


# reverse them


tmp := vsigon;


vsigon := vsigoff;


vsigoff := tmp;

    }

    if (is_unset(offscan)) {


if (has_field(vsigon.other,'gbt_go') &&


    has_field(vsigon.other.gbt_go,'LASTOFF')) {


    offscan := vsigon.other.gbt_go.LASTOFF;


} else 
if (has_field(vsigon.other,'nrao_gbt_glish') &&



    has_field(vsigon.other.nrao_gbt_glish,'LASTOFF')) {


    offscan := vsigon.other.nrao_gbt_glish.LASTOFF;


}

        if (is_unset(offscan) || offscan==0) {


    # can not proceed.  Bail out now.


    fail('offscan can not be determined from information in onscan');


}

    }

    # get the switching state information for offscan

    q := d.qsp(offscan);

    if (is_boolean(q)) {


fail(paste('Could not find requested off scan:',offscan));

    }

    if (len(q.uphases) !=2) {


fail('There are more than 2 switching states in the off scan, this only works for cal-on and cal-off');

    }

    # get the data for ref with cal and ref without cal

    vrefon := d.getr(offscan, 2, F, F, nif=nif, nfeed=nfeed);

    vrefoff := d.getr(offscan, 1, F, F, nif=nif, nfeed=nfeed);

    if (is_fail(vrefon) || is_fail(vrefoff) || is_boolean(vrefon) || is_boolean(vrefoff)) {


fail('Could not retrieve raw data for off scan');

    }

    # verify that vrefon is cal on and vrefoff is cal off

    if (vrefon.other.state.CAL == vrefoff.other.state.CAL) {


# oops, same CAL state, bail out


fail('Both states in the off scan have the same CAL switching state.');

    }

    if (vrefon.other.state.CAL == 0) {


# reverse them


tmp := vrefon;


vrefon := vrefoff;


vrefoff := tmp;

    }

    result.onscan := onscan;

    result.offscan := offscan;

    # sanity check on conformance between ref and sig spectra

    # only check shape, not actual frequency and polarization values (trust that the user knows

    # what they are doing there)

    if (vsigon.data.arr::shape != vrefon.data.arr::shape) {


fail('On and off scan numbers have different data shapes');

    }

    if (is_unset(fres)) fres := 1.0;

    # nearest channel to requested resolution

    ns := as_integer(fres*1.0e6/vsigon.data.desc.chan_width + 0.5);

    # if (ns > vsigon.data.arr::shape[2]) ns := vsigon.data.arr::shape[2];

    # if (ns < 1) ns := 1;

    result.fres := ns * vsigon.data.desc.chan_width / 1.0e6;

    result.ns := ns;

    vsig := vsigoff

    vsig.data.arr := (vsigoff.data.arr + vsigon.data.arr)/2.;

    vref:= vrefoff;

    vref.data.arr := (vrefoff.data.arr + vrefon.data.arr)/2.;

    vsig.data.arr := (vrefon.data.arr - vrefoff.data.arr) / (vsig.data.arr - vref.data.arr);

    d.uniput("globalscan1",vsig);

    # this does decimation

    d.boxcar(ns);

    globalscan1 := d.uniget('globalscan1');

    a := d.getvfarray();

    if (is_unset(calsource)) calsource := vrefon.header.source_name;

    if (!any(ott.sources()==calsource)) {


# not found


fail(paste('source name',calsource,



   'not found in Ott sources, type ott.sources() for complete list'));

    }

    if (is_unset(calflux) || calflux <= 0.0) {


calflux := ott.sjy(calsource, a.f/1e6);


if (any(calflux<=0.0)) {


    # some of calflux must have been out of range


    if (all(calflux<=0.0)) {



# all out of range



fail('The observed frequencies are all out of range in the Ott table for this source');


    } else {



# assume constant at the edges



note('Some of the observed frequency band is out of range in the Ott table for this source.');



note('Assuming a constant flux from the nearest frequency in the range.');



lowzero := T;



for (i in 1:len(calflux)) {



    if (calflux[i] > 0.0 && lowzero) {




if (i > 1) {




    for (j in 1:(i-1)) {





calflux[j] := calflux[i];




    }




}




lowzero := F;



    } else if (calflux[i] == 0.0 && !lowzero) {




if (i < len(calflux)) {




    for (j in (i+1):len(calflux)) {





calflux[j] := calflux[i];




    }




}




break;



    }



}


    }


}

    } else {


# make constant vector of len(a.f) - one for each frequency in decimated average


calflux := array(calflux, len(a.f));

    }

    elevpi := dq.getvalue(dq.convert(dm.getvalue(globalscan1.header.azel)[2],'rad')); 

    result.elev := dq.getvalue(dq.convert(dm.getvalue(globalscan1.header.azel)[2],'deg'));

    eff := F;

   avgf := sum(a.f/len(a.f));

   eff := d.eff(avgf, result.elev);

    # scal_vec gets same shape as globalscan1.data.arr

    scal_vec := globalscan1.data.arr;

    tcal_vec := globalscan1.data.arr;

    scal := array(0.0, scal_vec::shape[1]);

    nchan := scal_vec::shape[2];

    result.calflux := calflux;

    result.freq := a.f;

 if (is_unset(tauzenit)) {

       for (i in 1:nchan) {

            fr := result.freq[i]/1e9

            tauzenit_vec[i] := 120.419173 + -11.2108453*fr + 




       0.391668037*fr^2 + -0.00608775352*fr^3 + 


                       3.55561155e-05*fr^4

# tauzenit calcs for Q-band Tcal calcs y=120.419173-11.2108453*fr+0.391668037*fr^2

#




 -0.00608775352*fr^3+3.55561155e-05*fr^4  

#




(07 Jan 2005 and 23 May 2005)

# tauzenit calcs for K-band Tcal calcs y=165943.778-65532.4584x+11449.4684*x^2-1161.48234*x^3

#                                        +75.3882436*x^4-3.24654712*x^5+0.0927548503*x^6

#                                        -0.0016952095*x^7+1.79825603e-05*x^8-8.43500173e-08*x^9

#                                        (17 May 2005)

# tauzenit calcs for X-band HIGH Tcal calcs y=0.00025x+0.0055  (04 Feb 2005 and 09 May 2005)

# tauzenit calcs for X-band LOW Tcal calcs y=0.001x+0.001075  (10 Nov 2004 and 09 May 2005)

# tauzenit=0.0063 for S-band Tcal calcs (09 Feb 2005 and 09 May 2005)

# tauzenit=0.0063 for L-band Tcal calcs (27 Apr 2005)

       }

    } else {

       for (i in 1:nchan) {

           tauzenit_vec[i] := tauzenit;

       }

    }

    result.tauzenit_vec := tauzenit_vec

    result.tauzenit := sum(tauzenit_vec)/nchan;

    atmos := exp(-tauzenit_vec / sin(elevpi));

    for (i in 1:len(scal)) {

       for (j in 1:nchan) {


scal_vec[i,j] := calflux[j] * atmos[j] * globalscan1.data.arr[i,j];

          }

      scal[i] := sum(scal_vec[i,]) / nchan;

    }

    result.scal := scal;

    result.scal_vec := scal_vec;

# print eta, eff.eta

    if (is_unset(eta)) {

       for (i in 1:nchan) {

            invwl2 := (result.freq[i]/1000000000./30.)^2

            eta_vec[i] := (1.66152638/2.8) * exp(-0.054304736 * invwl2)

       }

# eta_vec[i] := (1.66152638/2.8) * exp(-0.054304736 * invwl2) for K-band Tcal calcs (18 May 2005)

# eta_vec[i] := (1.68849866/2.8) * exp(-0.093893884 * invwl2) for K-band Tcal calcs (14 Nov 2004)

# eta = 0.70 for S-band and X-band Tcal calcs (09 Feb 2005)

# eta = 0.70 for L-band Tcal calcs (27 Apr 2005)

    } else {

       for (i in 1:nchan) {

           eta_vec[i] := eta

       }

    }

    result.eta_vec := eta_vec

    result.eta := sum(eta_vec)/nchan

    tcal := scal * 2.8 * result.eta

    result.tcal := tcal;

    for (i in 1:len(scal)) {

       for (j in 1:nchan) {

           tcal_vec[i,j] := scal_vec[i,j] * 2.8 * eta_vec[j];

        }

    }

    result.tcal_vecl := tcal_vec;

    vtsys := vrefon;

    vtsys.data.arr := vrefoff.data.arr/(vrefon.data.arr - vrefoff.data.arr)  

    d.uniput("globalscan1",vtsys);

    d.boxcar(ns);

    vtsys := d.uniget('globalscan1');    

    vtsys.data.arr := vtsys.data.arr*tcal_vec

    result.tsys_vec := vtsys.data.arr

    if (plot) {


s := globalscan1;


s.data.arr := result.scal_vec;


d.plotscan(s,overlay);

    }

    # and add in feed descriptions

    if (has_field(globalscan1.other.feed,'GBT_FEED_NAME')) {


result.feed := globalscan1.other.feed.GBT_FEED_NAME;

    } else {


result.feed := '';

    }

    if (has_field(globalscan1.other.feed,'GBT_RECEIVER')) {


result.receiver := globalscan1.other.feed.GBT_RECEIVER;

    } else {


result.receiver := '';

    }

    cp := globalscan1.other.polarization.CORR_PRODUCT;

    pt := globalscan1.other.feed.POLARIZATION_TYPE;

    result.polarization := array('',globalscan1.data.arr::shape[1]);

    if (has_field(globalscan1.other.feed,'GBT_RECEPTORS')) {


rcptrs := globalscan1.other.feed.GBT_RECEPTORS;

    } else {


rcptrs := array('',len(pt));

    }

    result.receptors := result.polarization;

    if (len(result.polarization) == cp::shape[2]) {


for (i in 1:len(result.polarization)) {


    # assumes auto-correlation cp[1,i] == cp[2,i]


    thisRcptr := cp[1,i] + 1;


    if (thisRcptr <= len(pt) && thisRcptr > 0) {



result.polarization[i] := pt[thisRcptr];



result.receptors[i] := rcptrs[thisRcptr];


    } # else leave it as is


}

    } else if (len(result.polarization == len(pt))) {


# must be older data


result.polarization := pt;


# won't have receptor information

    } # else I give up

    return result;

}

caldump := function ( data_res, fid, bdrop = 0, edrop = 0 ) {

    start := bdrop+1

    end := len(data_res.freq)-edrop

    for (i in seq(start,end,1)) {

       fprintf(fid, '%-6d %-6d %s  %-8.3f %-8.3f %-12.6f %-12.6f %-8.3f %-8.3f %-8.3f %-8.3f %-8.3f %-8.3f %-8.3f \n',

                i, data_res.onscan, data_res.feed,

                data_res.elev, data_res.calflux[i], data_res.freq[i]/1000000,  data_res.tauzenit_vec[i], data_res.eta_vec[i],

                data_res.scal_vec[1,i], data_res.scal_vec[2,i], data_res.tcal_vecl[1,i], data_res.tcal_vecl[2,i], 

                data_res.tsys_vec[1,i], data_res.tsys_vec[2,i])

  }

}

findResids := function ( onscan ) {

     result := [=];

     vsigon := d.getr(onscan, phase=2, nfeed=1, nif=nif)

     vsigoff := d.getr(onscan, phase=1, nfeed=1, nif=nif)

     vrefon := d.getr(onscan-1, phase=2, nfeed=1, nif=nif)

     vrefoff := d.getr(onscan-1, phase=1, nfeed=1, nif=nif)

     ratio_out := (vsigoff.data.arr - vrefoff.data.arr) / (vrefon.data.arr - vrefoff.data.arr)

     diffs := (vsigoff.data.arr - vrefoff.data.arr)

     resids := (vsigon.data.arr - vsigoff.data.arr) - (vrefon.data.arr - vrefoff.data.arr)

     print onscan, median(ratio_out[1,50:975]), median(ratio_out[2,50:975]), median(resids[1,50:975]), median(resids[2,50:975]), median(diffs[1,50:975]), median(diffs[2,50:975]) 

}
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