
FTS-2 Atmospheric Cancellation Simulations            SC2/FTS/SYS/010          version 0.1 
 
Page 1 of 8  

 
 

SCUBA-2 FTS Project Office 
University of Lethbridge 

Physics Department 
4401 University Drive 
Lethbridge, Alberta 

CANADA 
T1K 3M4 

 
Tel:  1-403-329-2771 
Fax: 1-403-329-2057 

Email:  brad.gom@uleth.ca 
WWW: http://research.uleth.ca/scuba2/ 

 
 
Document Title:  FTS-2 Atmospheric Cancellation 

Simulations 
 
Document Number:  SC2/FTS/SYS/010 
 
Issue:  Version 0.1 
 
Date:  2 August 2007 
 
 
 
 

Document 
Prepared By: 

B. G. Gom 
FTS Project Manager 

Signature 
and Date: 02/08/07  

Document 
Approved By: 

D. A. Naylor  
FTS Project Lead 

Signature 
and Date: 02/08/07  

Document 
Released By: 

J. Molnar  
Canadian Project 
Manager 

Signature 
and Date:                   02/08/07

http://research.uleth.ca/scuba2/


FTS-2 Atmospheric Cancellation Simulations            SC2/FTS/SYS/010          version 0.1 
 
Page 2 of 8  

Change Record 
 
 
Issue Date Section(s) 

Affected 
Description of Change / Change Request Reference / 
Remarks 

0.1 17/06/02 All First draft 
    
    

Summary 
This document describes the software developed to simulate the FTS-2 dual input 
atmospheric cancellation. A C program was written to determine the elevations of the two 
FTS-2 input ports on the sky during an observation, an atmospheric radiative transfer 
model was used to determine the atmospheric emission at the given elevations, and the 
resulting flux maps for each port and the difference between them were visualized in 
IDL. 
 

References 
“FTS-2 Input Port Rotation”, B.G.Gom, (SC2/FTS/OPT/003) 
 
“FTS-2 Observation Scheduling”, B.G.Gom, (SC2/FTS/SYS/007) 
 
“SCUBA-2 Pixel Naming and Coordinate Transformations”, B.D.Kelly 
(SC2/SOF/S200/042) 
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1. Introduction 
FTS-2 has two input ports with fixed angular separation. For any observation, one port is 
aligned with the object of interest and the second (background) port rotates in an arc 
about the tracking centre as a consequence of sky rotation. Details of the port geometry 
can be found in the document SC2/FTS/OPT/002 and SC2/FTS/OPT/003. For the 
purposes of this document, we assume that there is no astronomical signal in the 
background port. Since pixels in both ports will rotate about the tracking centre during 
long observations, and since the differencing is done optically in the interferometer, 
pixels in both ports will experience different and varying flux due to the atmospheric 
imbalance. A good model of the behaviour of the ports and the extent of the atmospheric 
flux difference as a function of elevation and time is crucial for planning and interpreting 
FTS-2 observations. 

2. Port Rotation Calculations 
The C program described in SC2/FTS/OPT/003 was initially written to calculate the 
positions of the two input ports based on the position of the telescope optical axis. The 
program uses a target selected on a FITS image to locate the telescope optical axis and 
returns the Ra-Dec coordinates of the centre of one of the FTS-2 ports. The program can 
be used to calculate the path of the FTS-2 ports over time as shown in Figure 1. To 
properly model the port differencing, however, the program had to be altered to calculate 
the elevation for any pixel given the tracking pixel coordinate as a function of time. 

 
Figure 1. The path of the two FTS-2 input ports, defining a region of viable observation for the object 
NGC 1333, as calculated from the program described in SC2/FTS/OPT/003. 
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New algorithms were written to calculate the elevations of the two ports. The rotation 
algorithm (contained within the c header file rotation.h) was used in conjunction with 
coordinate transformations (contained within the c header coordtrans.h) as well as 
specific port functions (contained within the c header functions.h) in order to achieve the 
desired output: elevations for each pixel of both ports simultaneously over a given 
observation. The algorithm works as follows: 
 

1. The rotation algorithm takes the coordinates of the telescope axis selected 
from a FITS and returns the Ra-Dec of the centre of the tracking port. 

2. The “porttoport” routine takes these Ra-Dec coordinates and returns the Ra- 
Dec coordinates of the centre of the background port. 

3. The “radec2alt” routine takes the Ra-Dec coordinates of the centres of the two 
ports and returns their elevations. 

4. The elevation calculation is looped over the number of pixel coordinates to be 
mapped, and over a selected number of time intervals during the observation 
period. 

5. The coordinate time series for each pixel are printed to a text file. 
 
The original port rotation software also had to be modified to allow the user to select the 
centre pixel of the tracking port around which the port rotation would be based. By 
default, the tracking pixel is assumed to be located at the centre of the tracking port, but 
any pixel can be defined as the tracking centre. 

3. Atmospheric Model 
An atmospheric radiative transfer model, BTRAM, was used to calculate the atmospheric 
emission over the 450 and 850 μm bands (21.1 to 23.5 cm-1 and 11.2 to 12.1 cm-1, 
respectively) for elevations ranging from zenith to 70° in ~0.1° increments, and for PWV 
values of 0.5 and 1 mm. The resulting cubes were interpolated with a cubic spline at the 
elevation values calculated for each pixel by the port rotation program. The mean 
BTRAM spectral radiance across the band was converted to flux in Janskys using the 
following formula: 
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where beamsize is 7 arcsec for the 450 band and 14 arcsec for the 850 band. 

4. Flux Maps 
Flux maps for the two FTS ports were generated in IDL by looping over a grid of angular 
coordinates roughly corresponding to the FTS FOV and calculating the elevation of the 
corresponding points in both input ports. The atmospheric emission model was 
interpolated for each pair of points, and the resulting maps were differenced according to 
the optical model. The flux in both ports for elevation angles of ~20° and ~85° are shown 
in the following figures, for a PWV level of 0.5 mm. The SCUBA-2 subarray footprints 
are also shown, with the telescope optical axis indicated by the small circle. 
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Figure 2. Port 1,  21 degree elevation 

 

 
Figure 3. Port 2, 21 degree elevation 
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Figure 4. Port 1, 85 degree elevation. 

 

 
Figure 5. Port 2, 85 degree elevation. 

 
When the difference between the two input ports is taken, the resulting imbalance is 
always a horizontal gradient across the arrays (in the 850 image plane), as a consequence 
of the mirroring of the FTS output ports across the vertical axes. The following figures 
show the port imbalance near zenith and the horizon. Note that the color scales are not 
the same. 
 



FTS-2 Atmospheric Cancellation Simulations            SC2/FTS/SYS/010          version 0.1 
 
Page 7 of 8  

 

 
Figure 6. Port imbalance, 21 degree elevation. 

 

 
Figure 7. Port imbalance, 85 degree elevation. 

 
The imbalance is always most favourable near the telescope axis, and worse at the outer 
edge of the FOV, for all elevations. This can be seen in the following graph, where the 
imbalance is plotted as a function of zenith angle for 3 points along the horizontal axis 
through the centre of the ports. 
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Figure 8. Flux imbalance between the two input ports as a function of zenith angle for 3 pixels on the 
horizontal axis through the centre of the ports, at 0.5mm PWV. The innermost pixels always have the 
smallest angular separation on the sky for any given elevation, and thus the smallest imbalance. 
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