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WINDOW: A COMPUTER PROGRAM FOR PLANNING

ASTRONOMICAL OBSERVATIONS

by
E. F. Erickson and S. Matthews

NASA-Ames Research Center, Moffett Field, CA 94035

Abstract

A FORTRAN computer program called "WINDOW" has been written to simplify
the planning of astronomical observations of a number of objects in a limited
time. The program lists the azimuths at 15 minute intervals of up to 20
objects while they are in a given range of elevation angles—the window——and
gives the elevation angle of each object at its time of transit. This work
was motivated by the need to use observing time efficiently on flights of
NASA-Ames' Lear Jet and C-141 observatories; WINDOW permits the investigator
to prepare preliminary flight plans. However, fhe program is suited to
planning ground-based observations as well. The program and a semple flight

plan are described.




M s e A

Planning astronomical observations from the Lear Jet and C-141 observa-
tories operated by NASA-Ames is complicated by the following considerations:
(1) the telescopes operate in a restricted range of elevation angles or win-
dow: 14° - 28° for the Lear Jet, 35° - 75° for the C-141; (2) the flights
are of limited duration: 2% hours for the Lear Jet, 7# hours for the C-1k41;
(3) the telescopes can view only from the left sides of the aircraft, so that
typically only half the flying time can be spent observing sources in a parti-
cular area of the sky; (4) the aircraft are moving about 500 miles per hour
(air speed). To maximize observing time on a given flight, it is desirable
to observe calibration objects and/or other objects when the aircraft is
flying to or returning from the path required for observing the objects of
primary interest. We developed program WINDOW to simplify (a) selection of
feasible objects from a list of candidates,and (b) generation of a preliminary
flight plan for use by the navigators.

The program computes and lists the azimuths at 15 minute intervals of
up to 20 objects while they are in the window, and gives the elevation angle
of each object at its time of transit. The entire calculation is done assuming
fixed longitude and latitude for the observatory, so that no correction is made
for motion of the aircraft. Since the aircraft heading for our airborne
observations is approximately equal to the azimuth of the object plus ninety
degrees, southerly objects (observed with the aircraft flying West) will require
less heading change than indicated by the program, while northerly ob,jecfs will
require more heading change than indicated.

Typically the program is run for the list of candidate objects using
longitude and latitude corresponding to the nominal position of the aircraft

during the flight, which often is simply the position of the airfield where
the plane is based (37. 5° N. latitude 122° W. longitude for Moffett Field).

2w



Trajectories of objects shown to be compatible for observation on a given
flight are then used to generate a preliminary flight plan. This can be done
by the navigators or the investigator. Aircraft trajectories corresponding
to the suitable candidate objects are plotted on a map, as shown in Figure l.
Some trial and error is usually involved before the preliminary flight plan
is satisfactory; care must be taken to avoid warning areas and international
borders.

The detailed flight plan is made starting with the preliminary plan by
the navigators. With little practice an investigator c;n use WINDOW to generate
a preliminary plan which will be very close to the navigator's final plan.
Successful flight plans with up to 12 observed objects in a 7# hour flight
have been made following this procedure. For ground-based work, the output
of program WINDOW is suitable for planning multiple object observations with
no further effort.

WINDOW is written in FORTRAN for use on the Ames CDC-7600; copies of the
program are available on request from the authors. A version of the program
used at NASA-Ames by the navigators runs on their HP 2100 computer.

The beginning of the FORTRAN program contains comment cards describing
the use of the program, and a sample of input parameters. A copy of the
beginning of the program, and its output corresponding to the flight plan
of Figure 1 completes this report.

We are grateful to C. Swift for the coordinate transformation program
and to J. Kroupa for the map showing the warning areas in the Western

United States.
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