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11.0 DISH POST-INSTALLATION WORK
Before the dish can be moved in elevation it is necessary to put an estimated amount of weight into the
counter weight containers so that the structure will be roughly balanced so as to avoid putting too much
unnecessary strain on the mount. Calculation and loading of an suitable initial counter weight is in
progress.
11.1 INITIAL COUNTER WEIGHT ESTIMATE
The amount of counter weight to use for this dish and mount combination was estimated to be about 32
solid masonry blocks of 30 lbs each, about 960 lbs of blocks. This value turned out to be quite
excessive based upon observations of a restricted range of motion in elevation and that the current
drawn by the EL servo motor when moving downward in elevation was much greater than the current
when moving upward in elevation. Specifically, it was observed that with this amount of counter
weight the servo motor drew over 5 amps current at 30V DC when traveling downward in elevation but
only 2 amps when traveling upward toward the birdbath position, indicating that too much counter
weight was present.
By trial and error it was found that the upward and downward current levels drawn by the EL servo
motor could be equalized by reducing the amount of counter weight to 12 blocks (360 lbs) and that a
full range of elevation motion was possible with the lighter counter weight. Thus it was concluded that
12 blocks of counter weight effectively balances the moment arm due to the dish assembly and this
value of counter weight will be used. Of course, the amount of counter weight might be adjusted later
to compensate for an additional contribution to the moment arm of the dish assembly due to the feed
assembly which is not installed at present.
The photo below shows the dish at 0 degrees elevation with 12 counter weight blocks temporarily held
in place by the red and yellow ratchet straps.
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Figure V-1. Initial balance test using a total of 360 lbs of solid masonry block as counter weight.
The dish antenna system is adequately balanced using 360 lbs of solid masonry blocks as counter
weight.

11.2 INITIAL CHECKS OF ELEVATION RANGE OF MOTION AND CLEARANCES
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The photo below shows that when the dish is at 0 degrees elevation (i.e., pointing at the horizon) there
exists about 18” of clearance between the lowest edge of the dish and the ground.

Figure V-2. Ground clearance of the 4.6m dish at zero degrees elevation angle (shown) is about 18”.
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The lowest elevation angle of the antenna system was designed to be at least -5 degrees elevation at all
azimuth angles. This has proven to be true with the worst-case clearance condition occurring when the
azimuth angle corresponds to the direction of one of the four base support legs. The photo below
shows the clearance when the dish elevation is -5 degrees and the azimuth angle aligned with one of the
base support legs.

Figure V-3. The dish back structure clears the support leg at -5 degrees dish elevation angle.
Although clearance is minimal at -5 degrees elevation when the dish azimuth corresponds to an angle
corresponding to any of the support legs clearance is nonetheless adequate at all azimuth angles.
The maximum negative elevation angle that can be accessed by the dish exists at azimuth angles that
do not coincide with those of the base support legs. In these cases an elevation angle of -9 degrees is
achievable, as shown in the photo below.
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Figure V-4. Dish is shown pointed to -9 degrees elevation angle. Note that the azimuth angle is in
between two base support legs to reach this lower EL angle limit.
The dish is able to reach vertical (i.e., 90 degrees EL) and even 10 or so degrees beyond vertical
without trouble. Of course, there should never be an occasion that would require EL motion beyond
vertical but should the dish be inadvertently driven somewhat beyond vertical no damage will occur.
Basically, the range of motion in both elevation and azimuth of the system meets or exceeds the ranges
desired and that were specified in the original CAD design for the project.
The photo below shows the dish after installing the vertex center plate and re-installing the adjustable
feed horn clamp arms that were removed while the crane work was underway.
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Figure V-5. The dish vertex plate is installed and the adjustable feed horn clamp arms are re-installed.
After the RF signal lines, DC power lines, and control lines were installed a determination of the
maximum range to be permitted in AZ and EL was conducted. The dish has full range of motion as
follows:
EL range: -5 degrees through 90+ degrees (any azimuth angle)
-9 degrees through 90+ degrees (certain azimuth angles)
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AZ range: 420 degrees total azimuth motion permitted
Maximum CCW AZ angle: 250 degrees
Maximum CW AZ angle: 310 degrees
Full 420 degree AZ range example 1: start at 310 degrees AZ, rotate CCW through West, through
South, through East, through North, through West, to 250 degrees
Full 420 degree AZ range example 2: start at 250 degrees AZ, rotate CW through West, through North,
through East, through South, through West, to 310 degrees
The dish can track any celestial target that appears anywhere in our sky without limitations to AZ or EL
angles. Trees exist on the horizon below 20 degrees EL that can be a blockage problem as can azimuth
angles near 90 degrees below 20 degrees due to blockage by the 8.6m dish. This is not serious as it is
expected that angles below about 25 degrees elevation will largely be unusable anyway due an
expected increase in ground noise contributions below 25 degrees elevation but the actual practical
limit for observations will be determined in later performance tests.
11.3 INITIAL FEED HORN INSTALLATION
The feed horn that will be used for the initial check out of the dish will be the LNBF feed horn used
earlier and described in Volume I, Section 3, page 70 of these real-time documents. The LNBF feed
horn and LO module are shown mounted onto the feed rack in the photo below.
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Figure V-6. 8.4GHz LNBF feed horn, IF amplifier module, and LO module components are shown
mounted onto the feed rack. The white tube above is the weather shield for the rack.
The photo below shows the feed horn assembly installed in the PVC protective tube and clamped onto
the hexagon feed mount.
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Figure V-7. Feed horn installed in the protective tube and clamped onto the hexagon feed mount for
initial testing and alignment of the feed horn.
The feed horn is clamped into the mount for initial position determinations to locate the position that
yields optimum performance with this dish. The photo below shows the initial configuration of the
feed horn before testing begins.
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Figure V-8. Feed horn assembly is mounted and ready for initial tests to determine the position of
optimum performance for the feed.
Sun noise measurements will be used to locate the position to achieve optimum performance with the
feed horn. As the feed was installed near sunset the noise measurements will be have to wait until
tomorrow after the sun rises again to begin the tests.
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11.4 INITIAL PERFORMANCE CHECKS AND ALIGNMENTS
The initial performance checks for this telescope were made using sun noise profiles at varying feed
horn assembly positions within the hexagon mount to roughly determine the optimum position for the
feed horn.
11.4.1 EXAMINATION OF THE SIGNAL INTO THE CONTROL ROOM
The first step was to examine the signal coming into the telescope control room from the feed assembly
to ascertain the fundamental bandwidth of the front end and to check for the possible existence of
spurious signals that may be internally generated within the LNBF/LO/IF AMPLIFIER modules or
arriving from external emission sources. This was straightforwardly done by viewing the signal
arriving into the control room using a spectrum analyzer. The image below is a screen shot of the
display of a spectrum analyzer showing the signal arriving from the antenna system into the control
room with the 4.6m dish arbitrarily pointed at 45 degrees elevation and 75 degrees azimuth.

14

Figure V-9. Spectrum analyzer display of the output signal of the LNBF/LO/IF AMPLIFIER
assemblies arriving into the telescope control room.
The spectrum above shows that the fundamental bandwidth of the signal output from the telescope
front end is roughly 1GHz. The frequency span of the display is 2GHz with a center frequency of 1088
MHz, the expected IF frequency output for an 8.4GHz signal input to the antenna. The marker “1” in
the trace marks the 1088 MHz position in the spectrum. The region of interest, i.e., in the vicinity of
1088 MHz, lies in the high-frequency end of the pass band, approximately 200 MHz below the highfrequency cut off region.
A useful second check was to verify that the receiving system can detect a signal at 8.4 GHz. This was
achieved by transmitting an external 8.4GHz signal toward the dish antenna from a small off-center-fed
16” dish antenna mounted on an external wall of the control room and directed roughly toward the
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4.6m dish. The figure below shows the spectrum analyzer display when an 8.4 GHz, 0 dBm signal was
applied to the 16” dish feed horn.

Figure V-10. Spectrum analyzer verification that the front end of the 4.6 m telescope is able to receive
signals at 8.4 GHz.
In neither of the previous two figures are spurious signals visible, which suggests that the receiving
system is reasonably stable and that no strong troublesome external signals are present in this
frequency range.

11.4.2 POSITIONING THE FEED HORN USING SUN NOISE
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The next tests were to determine an approximately optimum position for the feed horn for this dish.
The method used was to use the strong emission from the sun by making angular profiles through the
sun at various feed horn positions. The position of the feed producing the largest peak to background
profile of the sun was deemed to be the approximately optimum feed horn position. A simple method
to record the results of each profile measurement was to mark the position and the resulting peak to
background value that was observed directly onto one of the feed horn support brackets. This is shown
in the photo below.
Figure V11.
Method of
recording
sun
profile
results
versus
feed “z”
position
of the
feed horn.
The
numbers
are the
results of
sun
profile

measurements, peak-sun-to-background noise in dB. The dashed line is a reference line.
The system configuration used in the profile observations is shown in the diagram below.
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Figure V-12. Telescope configuration used to record angular profiles of the sun for determining the
approximately optimum feed horn position.
The sun profile was obtained by using the “Continuum” mode in the SpectraVue program to control
and record the output from an RF Space SDR-14 software defined radio as the dish was swept in
azimuth through the sky position of the sun.
The equipment rack containing the SDR-14 (black chassis), the mixer (blue chassis), and the LO
function generator (bottom) are shown in the photo below.
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Figure V-13. Photo of the equipment rack containing the mixer, SDR-14, and LO frequency synthesizer
for making the initial sun profile measurements.
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A sample sun profile measurement using the set up described above is shown in the screen snapshot
below.

Figure V-14. Sample sun profile using the set up described above using the SpectraVue program. This
observation shows a peak sun to background level of about 13 dB at 8.4 GHz while scanning through
azimuth with the sun peaked in elevation.
The profile above shows some asymmetry and prominent side lobes indicating a not yet fully optimized
positioning/configuration for the feed system. More importantly at this stage, however, is that the
magnitude of the profile illustrates that the telescope is reasonably sensitive and is performing suitably
well in these early stage optimizations/checks.
Today there was no attempt to obtain the current solar flux at 8 GHz from any professional reporting
service but later such information will accompany sun profile measurements to be able to compare
profiles made days, weeks, months, or longer apart. Nor at this early stage was there any attempt to
quantify the horizontal time scale in terms of angle in degrees, therefore no angular beam width
information is available from these initial measurements. The intent was to roughly position the feed
horn for subsequent optimization work, not to characterize the beam pattern of the antenna system in
these initial measurements.
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The largest peak-to-background value observed in today’s measurements was about 13.6 dB of sun
noise. It is thought that improvement to this value might be achieved by modifying the Chaparral
scalar ring on the horn to more completely illuminate the surface of this relatively “deep” dish. The
scalar ring presently on the feed horn is optimum for a dish with f/D of 0.43 whereas this 4.6m dish has
an f/D of 0.33. Such an improvement will be attempted.
It should be noted that a simple method for ensuring that the feed horn is located properly is to view the
shadow of the feed horn assembly on the surface of the dish to see that the shadow appears squarely at
the vertex of the dish and that the shadow properly shows the physical shapes expected from the feed
horn assembly when the signal from the sun is peaked in the recording equipment. An example of this
situation is shown in the photo below.
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Figure V-15. Shadow shown of the feed horn assembly at the dish vertex when the feed horn is
properly positioned and the sun signal is peaked in the recording equipment.
An initial cold-sky-to-ground noise measurement was also made. The photo below shows the results of
that measurement.

Figure V-16. Initial cold-sky-to-ground noise measurement for the 4.6m dish using the
SpectraVue/SDR-14 in “Continuum” mode at 8.4 GHz.
The noise level shown on the left side in the figure above corresponds to “cold sky” with EL = 45
degrees and AZ = 315 degrees whereas the noise level on the right side in the image is “ground” with
EL = -5 degrees and AZ = 315 degrees. The ground portion of the measurement was pointing into trees
located about 100 yards away. The cold-sky-to-ground noise level difference is approximately 6.2 dB.
Using the method previously used for the 2.4 m dish at 8.4 GHz (volume I, page 82) to estimate Tsys
for this telescope instead yields an approximate value for Tsys for this telescope near 85K, which is
deemed to be a respectable value for the telescope at 8.4 GHz. More careful measurements of Tsys will
be made later but this initial result is nonetheless encouraging in that it suggests that the sensitivity of
the telescope is seemingly adequate at 8.4 GHz.
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11.4.3 LEVELING THE DISH MOUNT
To be able to track celestial targets it is necessary that the AZ/EL mount be leveled; that is, the azimuth
rotational plane should be horizontal, not tilted. To determine whether any tilt exists in the AZ/EL
mount one may simply point the dish at an arbitrary elevation angle, say 45 degrees, then observe the
EL absolute inclinometer output readings as the dish is rotated in azimuth. If the dish mount is level
there will be essentially no change in the EL angle read out values as the dish rotates through 360
degrees. If tilt exists the output values of the EL encoder will be sinusoidal with azimuth angle. In
such a case if the values are plotted versus azimuth angle a sine wave will be produced with the
azimuth angles corresponding to the minima and maxima of the plot indicating which direction the
mount is tilted.
The plot below shows an example of such measurements.

Figure V-17. Measurements of EL angle as the dish was rotated 360 degrees in azimuth.
The blue squares are the values obtained in an initial dish rotation and the orange diamonds are the
values obtained after adjusting the leveling screws on the AZ/EL mount. Note that there was initially
about a 0.4 degree tilt to the mount but after adjustment the amount of tilt was reduced to less than 0.05
degree for any azimuth angle.
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11.4.4 ENCODER CALIBRATIONS USING THE SUN
The sun provides a useful noise signal for calibration of the position encoders of a dish. By pointing
the dish toward the sun such that a peak value of noise is obtained while a tracking program indicates
the sun is at zenith (i.e., 180 degrees azimuth, maximum elevation of the sun that day) one can then set
the azimuth and elevation encoder outputs to the values predicted by the tracking program at that
instant. With absolute encoders no further calibration is needed.
It is a good idea to follow the sun through the sky with the tracking program controlling the dish to
ensure that the peak sun noise value remains constant as the dish follows the sun. If the measured peak
sun value does not remain constant there may pointing problems. There are numerous potential reasons
that tracking does not occur as desired. Some of these are:
- incorrect latitude/longitude coordinates given to the tracking program
- incorrect year/month/day/time given to the tracking program
- coding problem in the tracking programming
- improper positioning of the feed assembly
- dish surface distortions
- mechanical flexing/twisting of the dish/back structure/mount as the dish moves
As it happened a severe distortion of the dish back structure due to gravity loading of the structure at
elevation angles less than 90 degrees was detected for the 4.6m dish being used here. This was
discovered by making a series of peak sun noise measurements as a function of elevation angle, the
first of which was recording the difference between the predicted sun azimuth position and the actual
position in azimuth for which the peak sun noise occurred versus dish elevation angle as the sun
traversed the sky. The plot below shows the results of such a series of measurements following the sun
from near sun rise to near sun set.
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Figure V-18. Azimuth pointing errors as a function of elevation angle collected by observing the
difference between predicted sun position and observed peak position.
The upper series of points correspond to azimuth positions ranging from 83 degrees (upper left,
morning near sunrise) to near 180 degrees (lower right) and the lower series of points correspond to
azimuth angles from about 180 degrees (lower right) near noon local time to near 278 degrees (left)
near sun set. The plot shows that the azimuth error in pointing is maximum at low angles of elevation
and is near zero at high angles of elevation. The measurements were repeated on several days. As will
be shown by later measurements this is due to gravity induced mechanical deformations of the dish
back structure.
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11.4.5 CHECKS FOR DISTORTION DUE TO ELEVATION ANGLE CHANGES
11.4.5.1 AZ/EL MOUNT HORIZONTAL AXIS DISTORTION CHECK
To check whether the main horizontal axis of the dish AZ/EL mount was being “twisted” at low
elevation angles a battery operated laser unit was clamped onto one end of a horizontal section of the
mount with the laser beam centered onto a paper target at the other end of the horizontal section of the
mount. This arrangement is shown in the photo below with the laser and target positions labeled.

Figure V-19. Photo showing locations of the laser source and target positions for checking for
distortion of the main horizontal axis of the AZ/EL mount.
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The two photos below show the laser beam on the target with the dish elevation angle at 90 degrees and
at zero degrees, respectively. No significant motion occurred during the change in elevation angle
indicating that little twisting of the main horizontal axis of the AZ/EL mount occurs with changes in
elevation angle.

Figure V-20a. Laser on target, EL = 90 deg.

Figure V-20b. Laser on target, EL = 0 deg.

Only a small change in position of the laser spot position occurred in changing from 90 deg EL to 0 deg
EL for the dish.
The photo below shows the physical arrangement of the laser and target positions of a second twisting
test examining potential relative motions between the extreme ends of the counter weight containers.
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Figure V-21. Laser and target positions are indicated in the photo. The test is to check for relative
motions of the extreme ends of the two counter weight containers at high and low elevation angles,
which if present would indicate a twisting of the horizontal axis of the AZ/EL mount.
The two photos below show the targets of the second test at high and low dish elevation angles,
respectively.
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Figure 22a. Counterweight target at 90 deg EL.

Figure 22b. Counterweight target at 0 deg EL.

Only a small displacement of the laser spot position on the target is observed between the two dish EL
angles. Insignificant twisting distortion occurs relative to these structural members.
11.4.5.2 INITIAL DISH BACK STRUCTURE DISTORTION CHECK
The photo below shows the physical arrangement of the laser and target during a distortion test
between two elements of the dish back structure.
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Figure
23.
Laser
and
target

positions for a check for relative motion of the dish back structure members at high and low EL dish
angles.
The laser was centered on the target with the dish at 90 degrees elevation angle. The target is shown in
the photo below with the dish at 0 degree elevation angle.
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Figure V-24. Laser spot is not centered after dish EL angle was changed from 90 degrees to 0 degrees
indicating significant distortion/movement of the dish back structure occurring between the two dish
back structure members.
Back structure distortion is clearly evident by the non-centered laser spot on the target. The dish lacks
sufficient strength in its back structure to avoid structural distortions when the dish is moved away
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from bird bath position (i.e., 90 deg EL). More measurements will be made on the back structure to
determine which elements are moving most and in which direction.
11.4.5.3 FEED SUPPORT DISTORTION CHECK
A common source of pointing error is due to inadvertent movement of the feed support assembly
relative to the dish surface when dish elevation angle changes. One way to check whether this is a
problem for this telescope is to mount a laser onto the feed support assembly such that the laser points
to the vertex of the dish at which point a target is placed. This has now been done for this telescope.
The physical arrangement for the check is shown in the photo below.

Figure V25. Laser
is mounted
onto the
feed horn
support
ring
pointing to
the dish
vertex
where a
translucent
target has
32

been placed in preparation to test for possible motion of the feed support assembly with dish elevation
angle changes.
A target drawn on translucent parchment paper was taped onto the back side of the dish so that the laser
beam could be viewed on the target from beneath the dish during the test. The photo below shows the
laser beam on the target, viewed from behind the dish reflecting surface, with the dish elevation angle
at 0 degrees.

Figure V-26. Laser beam is pointed at the center of the target with the dish EL at 0 degrees.
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The photo below shows the laser beam still at the center of the target when the dish elevation angle was
changed to 90 degrees (bird bath position).

Figure V-27. Laser beam remains at the center of the target after the dish was rotated to an EL angle
of 90 degrees. No movement of the feed support was detected during the elevation angle changes.
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The test verifies that no motion of the feed support structure takes place relative to the dish surface as
the dish moves during elevation angle changes.
11.4.6 MEASUREMENTS TO DETECT SQUINT POINTING ERRORS
As mentioned earlier it has become obvious during sun tracking observations that the telescope is not
able to track the peak position of sun for more than a few hours at 8.4 GHz without acquiring a
pointing error in azimuth. The previous mechanical checks and tests do not seem to reveal
deformations of such a magnitude to account for the several-degree azimuth pointing errors that appear
when tracking the sun. This suggests that there may be a “squint” effect present in the telescope
causing the majority of the pointing errors instead of gravity-induced mechanical deformations being
the cause. A squint effect is essentially a misalignment of the actual pointing direction of the
telescope with the expected pointing direction. Such a situation can result if the elevation rotation axis
and azimuth rotation axis are not perfectly perpendicular to each other and/or the azimuth rotation
plane is not level.
The azimuth rotation place has been adjusted to be level within about 0.05 degrees for a 360 degree
rotation, see Figure V-17, but no comparable measurement has yet been performed to check that the
elevation rotation axis is aligned with the azimuth rotation plane. Indeed, the possibility exists that the
elevation rotation axis and azimuth rotation axis are not perfectly perpendicular. A direct measurement
of this is non-trivial but it seems that careful measurements of the azimuth pointing error as the sun
moves across the sky should be able to reveal whether such a misalignment is present and also should
be able to reveal the magnitude and direction of an elevation rotation axis misalignment. This approach
is being investigated.
A practical prerequisite for accurately implementing azimuth tracking error measurements is an
automated process for doing so. As the telescope is already equipped with computer-controlled
tracking functionality it is in principle straightforward to employ a special control-and-acquistiion
program to automatically collect the required pointing error data by utilizing the existing dish
movement and signal detection hardware. Indeed, I have written a C++ program, named
“pointing_errors_recorder_v2.0”, running on the Linux computer to do precisely that and have been
using it to collect the required data. The program automatically performs the following tasks:
1) tracks the sun as it crosses the sky,
2) at every 0.5 degree azimuth increment in predicted sun position the program moves the dish
elevation angle to the predicted sun elevation angle and then moves the dish in azimuth to create a scan
of the dish through the sun position while recording signal strength throughout the scan to produce an
azimuth profile through the sun position,
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3) the raw-data profile is then plotted on the program display and the central peak region of the profile
is then fit with a least-squares parabola which is plotted on top of the raw data points using a red solid
line,
4) the parabola is then analyzed to ascertain the azimuth position of the peak of the parabola and the
difference between the azimuth corresponding to the peak of the parabola curve and the predicted
azimuth position of the sun is calculated. The difference value is the azimuth pointing error for the
instantaneous position of the sun, this value is displayed on screen,
5) the predicted azimuth angle for the sun, the azimuth pointing error, the elevation angle for the sun,
the Modified Julian Date for the scan, and the residual values from the parabolic fit are then written to
disk in a format that is compatible with common spreadsheet programs for later analysis.
A representative snapshot of the program display is shown below:

Figure V-28. Representative screenshot of the display of the “pointing error recorder v2.0” program
as it automatically collects azimuth pointing error data as the sun crosses the sky.
The figure below shows the path of the sun through the local sky from the perspective of the telescope.
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Figure V-29. Sun path through the local sky. The gap corresponds to the data stream from the USRP
X310 being inadvertently interrupted during the acquisitions.
The figure below shows the measured azimuth pointing errors, plotted as azimuth pointing error versus
predicted azimuth position of the sun.
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Figure V-30. Measured azimuth pointing errors obtained as the telescope tracked the sun across the
sky. Data from two consecutive days of measurements are superimposed.
The azimuth pointing errors are well defined and reproducible from day to day. The pseudo-sinusoidal
behavior indicates that the elevation rotation axis is not quite perpendicular to the azimuth rotation
plane which produces a squint error in the pointing of the telescope.
The reader should keep in mind that the elevation angle is not constant for the data shown above, but
instead continually changes as the sun rises and sets during the day. Elevations corresponding to sun
rising appear on the left, local noon (roughly maximum local sun elevation) corresponds to
approximately 180 degrees azimuth, and elevations corresponding to sun setting appear on the right in
the plot.
The figure below shows the behavior of azimuth pointing errors versus elevation angle as the dish
tracks the sun from near sun rise through noon to near sunset.
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Figure V-31. Measured azimuth pointing errors versus elevation angle as the dish tracks the sun over
a two day acquisition period.
Data from the two days are superimposed. The upper-arm data points correspond to sun rising
elevations (rising from about 20 degrees elevation moving left in the diagram to over 70 degrees
elevation) and the lower-arm data points correspond to sun setting elevations (setting from noon at
about 70 degrees on the left side of the plot to below 20 degrees moving right in the diagram).
Admittedly, the previous two plots are non-trivial to understand taken together with respect to what tilt
angle for the elevation rotation axis is present in the mount. Nonetheless, the plots reveal important
information concerning details of the misalignment that I do not fully understand at the moment. My
initial thought is that Figure V-30 may reveal a tilt of about 1.5 degrees toward an azimuth angle
corresponding to 205 -180 = 25 degrees, but I’m not confident in this conclusion without further
consideration.

11.4.7 MEASUREMENTS TO CHECK ENCODER COUPLING
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An important issue to check is whether the azimuth encoder shaft is coupled properly to the azimuth
slewing bearing plate shaft. An improper coupling arrangement can produce stress on the azimuth
encoder input shaft resulting in erroneous outputs. A physical inspection of the three-piece flexible
coupling revealed that the coupling was in fact not installed properly. The three pieces are pushed flush
with each other. This leaves no room for movement if the two coupled shafts are slightly misaligned,
which in practice will always be the case to some extent. In a proper installation there should be a gap
between the three flexible coupling pieces to allow for some movement to avoid putting excessive
stress on the encoder shaft. The photo below shows the incorrect “flush” arrangement of the coupling
pieces which results in erroneous azimuth angle outputs from the encoder.
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Figure V-34. Azimuth encoder coupling shown installed incorrectly with the three pieces of the
coupling pushed together. This “flush” installation causes erroneous encoder outputs.
The photo below shows a better installation of the three-piece flexible coupling using gaps between the
flexible coupling pieces.
Figure
V-35.

Flexible coupling installed with “gaps” between the three pieces of the coupling, to allow some room
for slight relative movements of the pieces.
The “gap” installation of the coupling apparently has helped somewhat in terms of reducing stress on
the azimuth encoder shaft but the arrangement is still insufficient to obtain accurate azimuth pointing,
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as shown in the plot below of the pointing error data obtained using the “flush” arrangement and
pointing error data obtained using the “gap” arrangement of the coupling pieces.

Figure V-36. Azimuth pointing errors resulting from “flush” and “gap” coupling arrangements. The
errors were measured while tracking positions of the sun during two consecutive days.
The results shown above reveal that neither arrangements used provide accurate azimuth pointing of
the 4.6m dish. The behavior of the data using the “gap” arrangement of the flexible coupling pieces
comes as a surprise. It was expected that installing the coupling with gaps between the pieces would
cure the pointing issue, but such is not the case. The apparent nearly linear behavior of the pointing
errors with the “gap” arrangement is particularly surprising and unexpected to me. I have tried to
envision how a linear behavior of az tracking errors with azimuth could be produced if the az encoder
coupling is not to blame but I cannot. My conclusion is that the coupling to the az encoder shaft is still
improper and is the principal cause of the azimuth pointing errors.
It seems to me that the azimuth encoder shaft coupling to the azimuth slewing bearing plate shaft must
be re-designed somehow to ensure that minimal stress be put onto the azimuth encoder input shaft to
avoid producing azimuth pointing errors. Such a re-design is being worked on now. Of course, fixing
the az encoder coupling issues may not cure the pointing issues entirely but the data above strongly
suggest to me that a major component of the azimuth pointing error problem lies in the details of how
the azimuth encoder shaft connects to the slewing bearing plate shaft. The coupling arrangement will
be re-worked until it is shown that the azimuth encoder shaft coupling is finally suitable for the
telescope and any remaining pointing issues will be addressed at that time.
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11.4.8 AZIMUTH ENCODER MOUNTING RE-DESIGN
The objective in the re-design of the azimuth encoder mount is to incorporate more adjustment of the
encoder orientation with respect to the slewing bearing plate shaft and to restrict lateral motion of the
encoder end of the slewing bearing plate shaft. The new design incorporates large mounting holes in
the support plates so that the plate can be moved laterally during assembly and clamped in place using
washers and nuts on either side of the plates. Lateral movement of the end of the slewing bearing plate
shaft is restricted by passing the shaft through a flange bearing mounted above a 3-piece flexible
coupling.
The large-hole encoder mounting plate (bottom side) and flange bearing plate (top side) are shown in
the photo below with the flange bearing and encoder installed.
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Figure V-37. Large-hole flange-bearing plate (top side) and encoder plate (bottom side).
The photo below shows the other side of the flange-bearing plate and encoder plate.
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Figure V-38. Large-hole flange-bearing plate (bottom side) and encoder plate (top side).
The large diameter mounting holes allow the plates to be adjusted laterally during assembly to ensure
that the shafts align laterally.
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The photo below shows the flange bearing plate installed and being leveled.

Figure V-39. Flange-bearing plate installed and being leveled.
The photo below shows the flange-bearing plate with the top piece of the 3-piece flexible coupling
installed.
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Figure V-40. Flange-bearing plate installed with the top piece of the 3-piece coupling attached.
The photo below shows the azimuth encoder and 3-piece flexible coupling installed.
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Figure
V-41.

Azimuth encoder is installed with the 3-piece flexible coupling.
The photo below shows leveling of the azimuth encoder plate.
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Figure V42.
Leveling
and final
shaft
alignment
of the
azimuth
encoder.
Final
alignment
and
leveling
of the
azimuth
encoder
shaft with
respect to
the
slewing
bearing
shaft is
done by
adjusting
the nuts at
the four
corners of
the plates
as
necessary
to remove
tilt and
position
the
azimuth
encoder optimally.
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11.4.9 POINTING ERROR MEASUREMENTS
The performance of the new azimuth encoder mounting design can be evaluated by making automated
pointing error measurements over consecutive days to observe whether the pointing error data collected
is reproducible day to day. The figure below shows a representative instantaneous view of the
pointing_error_recorder_II program as it collects pointing error data while following the sun across the
sky.

Figure V-43. An instantaneous screenshot of the display while the program
Pointing_Error_Recorder_II runs tracking the sun.
The instantaneous sun profile has been collected and displayed in the center panel. Profiles are
collected every 0.5 degree of azimuth as the sun crosses the sky. The profiles are least-squares fit to a
parabola in real time (shown as the red curve) and the azimuth associated with the peak of the parabola
recorded as the observed instantaneous position of the sun. The azimuth pointing error in degrees is the
difference between the observed azimuth position of the sun and the predicted azimuth position of the
sun.
The graph below shows the results of collecting azimuth pointing errors while tracking the sun over
two consecutive days, showing that the pointing error data is reproducible day to day.
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Figure V-44. Azimuth pointing errors collected over two consecutive days, demonstrating that the
collected data are reproducible.
The initial interpretation of the sinusoidal-like behavior of the data is that there exists a tilt of the upper
structure of the AZ/EL mount above the azimuth rotation plane causing the pointing error in azimuth to
vary with azimuth angle when tracking targets. The amount of tilt, based upon the “peak-to-peak”
height of the partial sine wave shown above is roughly 2 degrees; i.e., half of the peak-to-peak height.
In an effort to understand whether it will be possible to compensate for such a tilt an intentional
physical tilt will be introduced to the triangle base support structure by inserting a temporary spacer
under one corner of the triangle and a new data set collected to observe whether the sine wave peak-topeak magnitude is increased or decreased or phase shifted.
The photo below shows how 1” high rectangular steel pieces have been positioned under the triangle
base support to raise the forward corner of the triangle dish support to produce an intentional tilt angle
to the dish structure.
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Figure
V-45.
Spacers
are
shown
added
beneath
the
triangle
support

structure to introduce a slight tilt to the dish on the EL mount.
The triangle base support structure is about 12’ on each side, with a distance from the forward corner of
the triangle to the center of the back side of the triangle of about:
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corner to back side distance = 12’ x cos(30 degrees) = 10.3’ = 124.7”.
The tilt angle introduced by the spacers is then roughly given by:
tilt angle estimate = ATAN(1”/124.7”) = 0.5 degrees tilt.
With the intentional 0.5 degree tilt it is expected that the azimuth pointing errors will be shifted
up/down by the tilt angle. This is verified in the plot shown below of the azimuth pointing errors
collected as the sun tracked across the sky. The tilt data have a constant 0.6 degree offset added to the
raw data values to be able to compare the shape behavior of the tilted data directly with that of the
previously collected data.

Figure V-46. Plot showing the 0.6 degree intentional tilt data (yellow) superimposed onto the
previously collected azimuth pointing error data.
It should be noted that the amount of offset required to place the raw tilt data directly onto the
previously collected data was 0.6 degrees, not 0.5 degrees. This is in excellent agreement with the
expected tilt angle produced by the 1” spacers because the spacers were not placed directly under the
53

corner of the triangle base but as a matter of practicality needed to be placed inward of the corner
position which would result in a slightly larger tilt angle for the dish than if the spacers were placed
under the corner of the triangle. Of course, it isn’t possible to place spacers under the corner because as
you can see from the earlier photo there is no support structure directly under the corner. The fact that
0.6 degrees needed to be added to the raw tilt data to obtain alignment with the previous data is in
agreement with the fact that the spacers were not put directly under the corner of the triangle base but
rather placed some distance inward, causing the tilt angle to be a bit larger than the 0.5 degrees roughly
estimated beforehand.
What is intriguing and puzzling to me is that the shape of the azimuth pointing error data was not
changed by the added tilt angle, at least not in any obvious way. This suggests to me that the “V” shape
of the azimuth pointing error with azimuth angle is not strongly coupled to the tilt angle as I previously
thought. At the moment I have no explanation for the origin of the “V” shape in the data but my
expectation is that the “V” shape is a strong clue as to what is actually causing the pointing errors.
After discussions about the possible source for the V shape, which a tilt of the azimuth horizontal
rotation plane could explain the presence of the V shape, I decided to repeat the previous check for tilt
in the azimuth rotation plane. If the rotation plane is not horizontal then an elevation inclinometer
reading would change as the dish is rotated in azimuth. The results of this second test for tilt in the
azimuth rotation plane are shown in the plot below.
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Figure V-47. A confirmation test for tilt away from horizontal in the azimuth rotation plane.
In the rotation test that produced the above data the dish was initially positioned at 45.10 degrees
elevation then rotated in azimuth while recording the indicated elevation angle outputs of the elevation
inclinometer. This observation confirms that the azimuth rotation plane is aligned with the local
gravity horizontal plane to within 0.05 degrees of perfect alignment. The test further demonstrates that
what tiny amount of tilt that exists in the azimuth rotation axis is NOT sufficient to be responsible for
the approximately 2-degree magnitude “V-shaped” azimuth pointing errors observed when tracking the
sun. Some other factor, not tilt of the azimuth rotation plane, is working to produce the observed
pointing errors.
Another possibility that might be a contributor to the pointing errors is that the dish back structure
might be warping or twisting, or deforming in some way to produce the observed “V” shaped behavior
of the pointing errors. To check whether this might be a significant factor two 2-1/2” square x 6’ long
steel tubes were clamped into the two lowest of the four longest support arms of the back structure.
The idea is to add these two “stiffeners” to modify how the back structure would deform and look for a
change in the
details of the
“V” shape of
the pointing
errors as the
sun is
tracked. The
photo below
shows the
two stiffener
beams
clamped into
the two
lowest angle
iron support
s for the test.
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Figure V-48. Two square steel “stiffener” beams have been clamped into the two longest back
structure angle iron members in an attempt to modify how the back structure might deform during sun
tracking.
The photo below shows the results of recording azimuth pointing errors as the sun moved through the
sky, with the two stiffener beams clamped onto the back structure.
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Figure V-49. Pointing errors measured while two steel back structure stiffener beams are clamped into
two longest support angle iron members (yellow data) compared with previous non-stiffened
measurements.
Adding the steel stiffener beams did not noticeably change the “V” shape of the pointing error
behavior. The raw values of the “stiffened” data set have been shifted upward by 1.2 degrees in the
plot so that the stiffened data lie atop the non-stiffened data so that the previous and current data sets
can be easily compared with regard to the shape of the pointing error curves. No noticeable change in
the shape of the pointing error curve occurred as a result of adding the stiffener beams to the back
structure, as shown by the fact that the stiffened data set has an identical “V” shape as the non-stiffened
data sets.
From the fact that adding the stiffener beams to the back structure did not appreciably change the “V”
shape behavior it is concluded that back structure deformation is not likely the principal source of the
pointing errors. Something other than back structure deformation is the major contributing factor to the
pointing errors, apparently.
Today the helical shaft couplings arrived and I was able to install one in place of the three-piece
flexible azimuth encoder coupling. I was also able to remove the stiffener beams from the previous
test. Tomorrow a new azimuth pointing error data set will be collected while tracking the sun and using
the helical coupling instead of the three-piece flexible coupling to determine if doing so affects the “V”
shape of the pointing error data.
57

The photo below shows the helical coupling installed on the azimuth encoder shaft.

Figure V-50. A helical coupling has been installed onto the azimuth encoder shaft.
The above photo makes it appear that the two vertical shafts into the coupling extend into the helix cut
region of the coupling but they actually do not extend beyond the solid end pieces where the set screws
are located. The photo below confirms that the shafts do not touch in the middle of the coupling
because light is visible in the mid section of the coupling between the helix turns where the light would
not be visible if the shafts were touching in the middle.
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Figure V-51. View showing that the vertical shafts do not extend into the helix cut regions of the
coupling. The view in the previous photo suggesting otherwise is simply an optical artifact of the photo
due to the way light was reflected from between the helix surfaces.
The helical coupling is installed properly.
The plot below shows the results of measuring azimuth pointing error (yellow data points) as the sun
moved across the sky today.
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Figure V-52. Comparison of measured azimuth pointing error data between those collected when
using the helical azimuth coupling (yellow data points) and using the three-piece flexible coupling (red
and blue data points).
This plot clearly shows that the “V” shape of the azimuth pointing errors with azimuth angle is strongly
coupled to how the azimuth encoder is coupled to the azimuth drive shaft of the telescope. The two
different methods of coupling reveal the sensitivity of the coupling details to the behavior of the
azimuth pointing errors that will be observed.
The larger amount of scatter evident in the yellow data points relative to data collected in previous days
is due to the fact that it was windy the day the yellow-points data set was collected, unlike the calm
wind weather on the days that the other two data sets were collected. Nevertheless, I think the “windy
day” data is sufficient to justify the observations and conclusions that have been made regarding the
general behavior.
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At last, we have conclusive evidence that the details of the pointing error behavior are significantly due
to how the azimuth drive shaft couples to the azimuth encoder. This is a major step forward in
understanding and ultimately curing the pointing error problem, I believe.
It should be noted that the latest pointing error measurements are nicely fit by a sinusoidal curve,
shown as a black dashed line in the plot. This demonstrates that if we desired to do so the azimuth
pointing errors could be straightforwardly corrected by putting a sinusoidal correction term into the
tracking program. This is a comfortable fall-back situation if we are not able to further reduce the
magnitude of the pointing errors via a mechanical means of some kind.
The sinusoidal behavior observed is strongly suggestive of a lateral stress being applied to the azimuth
encoder shaft but, of course, it could also be due to an angular misalignment in the AZ/EL structure, or
both. Previous tests looking for angular misalignment in the AZ/EL structure did not reveal a
misalignment that can adequately explain the observed sinusoidal pointing errors. Therefore, for the
time being we will assume that there still exists unwanted lateral stress on the input shaft of the azimuth
encoder and will begin designing a more robust coupling system based on one of two approaches:
1) a modification of the existing azimuth encoder mounting assembly involving adding a second flange
bearing above the azimuth encoder position to better restrict any lateral motion tendency of the shaft
from the slewing bearing plate, or
2) a geared encoder coupling system but this approach requires a very minimal backlash gearing
system and accurate gear ratios to maintain the correct azimuth range. Of course any gearing ratio
differing from 1:1 can be compensated for in the encoder readout programming.
Significantly, the possibility exists that the present azimuth encoder coupling arrangement is
functioning entirely adequately now with the helical coupling and the sinusoidal behavior is due to
some other factor than being due to lateral stress being applied to the encoder input shaft. In this case
the source of the remaining sinusoidal behavior will have to be discovered and corrected mechanically
to whatever degree is reasonable; with any residual sinusoidal behavior compensated for in the tracking
software by including a correction term based upon the sinusoidal fit of the residual errors.
Another way to look at the pointing error behavior is to observe the curve produced by plotting azimuth
pointing error versus elevation angle. A previous plot of that showed two distinct “arms” of data (see
Figure V-31), one arm corresponding to morning measurements and one arm corresponding to
afternoon measurements. With the change of coupling to the helical coupler the previous two “arms”
have merged into a single curve. The plot below shows measurements of azimuth pointing error vs
elevation angle from the entire day tracking the sun while using the helical coupling.
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Figure V-53. Azimuth pointing errors vs elevation angle while using the helical az encoder coupling,
using an arbitrary sun position point as a calibration point for the azimuth encoder.
These data suggest that one could fit the curve and use the fit to correct pointing via a software
correction term in the tracking program, as an alternative to using the sine wave correction described
earlier. Also, perhaps these data can be used to shed light on the origin of the pointing error problem,
in addition to the azimuth pointing error vs azimuth angle data in Figure V-52.
11.4.10 DYNAMIC LOADING HYPOTHESIS TO EXPLAIN AZ POINTING ERRORS
A possible explanation for the azimuth pointing errors observed during sun tracking using the 4.6m
dish telescope involves a structural loading effect on the AZ/EL mount that varies with elevation angle.
The following assumptions are made in this hypothesis:
Assumption 1:
The azimuth encoder coupling performs properly as a result of changing the coupling to a helical
coupling, whereas the three-piece flexible coupling allowed lateral stresses to be applied to the
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encoder input shaft causing small erroneous azimuth angle readings from the encoder. The small errors
introduced by the three-piece coupling were the cause of the “two arm” behavior of the data previously
observed in azimuth pointing error vs elevation angle plots.
Assumption 2:
The large mass of the dish/back structure assembly is sufficient to produce an elastic flexing
deformation in the AZ/EL structure at elevation angles lower than 90 degrees elevation.
Definition for this hypothesis:
For convenience in later modeling, the arbitrary mathematical definition of azimuth pointing error for
evaluating the dynamic loading hypothesis is:
azimuth pointing error = (predicted peak position) – (observed peak position)
This definition will make the observed pointing error values positive with the initial calibration used in
evaluating this hypothesis. Note that the definition will change when evaluating the squint hypothesis
because of the different initial azimuth encoder calibration used there.
The central idea of the hypothesis is that due to the changing gravitational force vector relative to the
dish/back structure/AZ-EL mount orientation with changing dish elevation angle variable amounts of
flex distortion to the AZ/EL mount occur resulting in dish pointing errors. It is noted that the
gravitational force vector applied to the dish/back structure and AZ/EL mount, relative to a frame of
reference tied to the dish/back structure and AZ/EL mount, changes direction (not magnitude) as the
elevation angle of the dish is changed. Such a change in force direction relative to the dish elevation
angle can result in an elastic structural “bending”, “flexing”, or “sagging” of structural components of
the dish/back structure and/or the AZ/EL mount. The forces on the supporting structures of the dish
will vary with dish elevation angle.
As the dish moves downward in elevation angle from bird bath position to a horizontal pointing
direction the forces on the dish supporting structures tend to push the pointing direction of the dish
downward toward the surface of the earth. The effect of the forces increase from zero effect initially
when the dish is in bird bath position to a maximum value when the dish is horizontal. This is
effectively a dynamic loading of the AZ/EL mount that can result in increasing azimuth pointing errors
as the elevation angle is lowered toward zero degrees elevation.
Plots of azimuth pointing error versus azimuth angle for sun observations are not particularly useful in
sorting out the source of the pointing errors and in fact can lead to misleading and erroneous
conclusions. A recent example of such a plot is Figure V-52 shown earlier.
The use of such plots is counter productive in terms of revealing the root cause of the pointing errors
because the contribution of elevation angle to the errors to the data shown is obscured. The fact is that
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each point in the plot has a unique value of elevation associated with it and varies as the azimuth
position varies by virtue of tracking the sun thereby intermixing contributions to the displayed errors of
azimuth angle and elevation angle. Such an intermixing of contributions obscures the individual
effects of each and makes it impossible to ascertain which source of error is at work creating the
observed pointing errors.
A naive interpretation of the Figure V-52 plot would be to think that the pointing errors are a function
of azimuth angle only, but that is actually incorrect because not only is azimuth angle changing along
the x-axis but elevation angle is also changing as the sun moves and that fact is effectively hidden in
the plot. Indeed, the hypothesis being described here and the resulting conclusion is that the sinusoidal
behavior observed in the above data plot is due entirely to changing elevation angle, not due to the
change in azimuth angle at all.
A typical interpretation of the plot in Figure V-52, if the observer doesn’t realize that elevation angle is
changing throughout, would be that the azimuth rotational plane is tilted causing the sinusoidal
behavior. But that interpretation is actually incorrect in this case based upon previous measurements
performed to detect any tilt in the azimuth rotation plane; no tilt was detected. That leaves only the fact
that elevation angle is changing for the above data points to produce the observed errors. It is
concluded that a more relevant plot of the observed pointing errors in terms of revealing the pointing
error source is one showing azimuth pointing errors versus elevation angle. The plot shown below
shows the behavior of azimuth pointing errors versus elevation angle after calibrating the azimuth
encoder with the dish in bird bath position, the procedure for which is described later.
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Figure V-54. Azimuth pointing errors versus elevation angle while tracking the sun after calibrating
the azimuth encoder with the dish in bird bath position as described below. Note the definition of
azimuth pointing error for this hypothesis.
In this plot, as in all of the other azimuth pointing error plots presented to date, each data point is
associated with both changing azimuth angle and changing elevation angle as the sun moves.
However, as has been stated, the contribution to azimuth pointing error due to changes in azimuth angle
are essentially zero. Figure V-54 provides a clearer view as to the actual source of the pointing errors
than previous plots because while azimuth is changing across all the data points the contribution of
azimuth angle to azimuth pointing error has already been shown to be zero, or nearly so. Therefore the
intermixing of the effects of changing azimuth angle and changing elevation angle due to the sun
movements is unimportant because any change in azimuth pointing error due to azimuth angle change
from point to point is negligible, as verified in the independent azimuth rotation measurements
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performed earlier, leaving only changing elevation angle as the dominant contributor to the observed
pointing errors that are shown in the plot.
The effects of intermixing azimuth and elevation contributions by measuring tracking errors as the sun
moves in both azimuth and elevation as it crosses the sky have made determining the true source of the
errors difficult, unless the concepts described in the above paragraphs are understood and recognized as
contributing to the measured pointing errors.
The conclusion of this hypothesis is that the observed azimuth pointing errors are most likely due
principally to elastic deformations occurring in the AZ/EL mount and/or dish back structure as dish
elevation angles change. HOWEVER, the hypothesis predicts that the azimuth pointing error will
decrease as the elevation angle increases. This behavior is not observed in Figure V-54, suggesting that
the principal source of the pointing error is not dynamic loading.
11.4.10.1 INITIAL CALIBRATION OF THE AZIMUTH ENCODER
As has been noted earlier, the specific point in azimuth (and elevation) that is used to initially calibrate
the azimuth encoder using the sun position as the calibration source affects the magnitudes and signs of
the pointing error values that will be recorded while tracking the sun. Therefore, a practical problem
exists in how best to initially calibrate the azimuth encoder. One cannot use an arbitrary sun position
point to calibrate initially calibrate the azimuth encoder. Indeed, it is important to recognize that an
arbitrary sun position point that might be used as a calibration point has an unknown amount of
azimuth pointing error associated with its measurement, so it is not appropriate to assign a zero amount
of error to that point and force the azimuth encoder to read the predicted value of azimuth for the sun.
A different method for initially calibrating the azimuth encoder must be used.
One method of correctly calibrating the azimuth encoder that is consistent with the dynamic loading
hypothesis described here is to put the dish into bird bath position (i.e., pointed upward at 90 degrees
elevation) and rotate the dish in azimuth until the azimuth position of the dish physically aligns with a
known direction from the dish then force the azimuth encoder to read the known angle. This is the
method that was used to calibrate the azimuth encoder prior to collecting the data shown in Figure V54.
It should be noted that there are practical uncertainties involved in performing such a calibration, of
course, including determining how accurate the “known direction” from the dish location is and how to
determine when the azimuth component of the dish pointing direction is aligned with the known
external azimuth direction while the dish is in bird bath position. These uncertainties have not been
quantified for this telescope as yet. In any case, the method was used as best we could to calibrate the
azimuth encoder. The calibration procedure may be different for evaluating a different hypothesis.
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11.4.12 SQUINT HYPOTHESIS TO EXPLAIN AZIMUTH POINTING ERRORS
Squint in telescope using a parabolic dish antenna is defined as a misalignment of the radio beam
pattern axis with the principal physical axis of the dish, which is along a line passing through both the
vertex of the dish and the focal point of the dish. Squint can be the result of any of a variety of causes,
including feed position misalignment and the principal rotational axes of horizontal rotation and
vertical rotation not being orthogonal, to name but two of the most common. There are other
conditions that can result in a squint effect in a dish telescope such as the dish reflecting surface being
warped, as an example. A fundamental characteristic of squint in a radio telescope is that the pointing
errors produced by the effect increase as the elevation angle increases, with the magnitude of the
pointing error becoming infinite when the elevation angle is 90 degrees.
Definition for this hypothesis:
For convenience in later modeling, the arbitrary mathematical definition of azimuth pointing error for
evaluating the squint hypothesis is:
azimuth pointing error = (observed peak position) – (predicted peak position)
This definition makes the observed pointing error values positive with the initial calibration used in
evaluating this hypothesis.
Data are being collected while tracking sun, using this initial calibration, and will be presented here at
the end of the day today (16 AUG 2021).
11.4.11.1 INITIAL CALIBRATION OF THE AZIMUTH ENCODER
The initial calibration of the azimuth encoder used in evaluating the squint hypothesis is to point the
dish at the horizon and manually align the dish with an external East-West line then force the azimuth
encoder to read 90 degrees azimuth. This calibration will yield positive values for the azimuth pointing
errors measured when using the definition shown above. The rationale for using this initial calibration
is that if the errors are assumed to be due to a squint effect in the telescope, the squint effect is known
to be minimum when the dish is pointed down (horizontal) and maximum when pointed up (vertical).
The plot below shows the measured azimuth errors versus elevation angle tracking the sun after
calibrating the azimuth encoder as described above.
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Figure V-55. Azimuth pointing errors measured while tracking the sun after calibrating the azimuth
encoder as described above. It is noted that most of the data are well described by a simple analytical
expression.
The general shape of the measured data points are strongly suggestive of a squint effect being present
in the telescope. However, no effort is made at this time to attempt to deduce specific details regarding
squint in the telescope. Perhaps this can be done later.
Instead, the data are seen to be fit reasonably well by a simple mathematical expression relating
azimuth pointing errors to elevation angle.
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For elevations over the range from about 30 degrees to about 70 degrees elevation the simple
expression shown below appears to describe the error behavior relatively well:
azimuth pointing errors = -1.9 + 1/cos(elevation angle)

(1)

The curve produced by this expression is shown superimposed on the measured pointing error data in
Figure V-55 above.
The expression will be used as an azimuth encoder output correction term for the tracking program
tomorrow while tracking the sun to evaluate how well the expression performs in providing software
correction values for the azimuth pointing angle for the telescope.

11.4.12 USING A SIMPLE EXPRESSION TO CALCULATE AZIMUTH POINTING
CORRECTION TERMS FOR THE DISH TRACKING PROGRAM
Equation 1 above has been incorporated into the dish tracking program to provide a correction to the
azimuth encoder readout in an effort to keep the dish more on target by using a software correction to
the dish pointing algorithm. The effectiveness of the software correction of Eqn 1 is revealed in the
plot below which shows azimuth pointing errors measured on 16AUG21 while tracking the sun across
the sky without benefit of any software pointing corrections in the tracking program and azimuth
pointing errors measured on 17AUG21 while tracking the sun across the sky with the software pointing
corrections of Eqn 1 incorporated into the tracking program.
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Figure V-56. Measured azimuth pointing errors are shown from two consecutive days tracking the sun.
Data collected on 16AUG21 (orange data points) were obtained using the tracking program without
any software correction implemented whereas data collected on 17AUG21 (blue data points) were
obtained using the tracking program with a software correction incorporated into the dish pointing
algorithm.
By incorporating a correction term calculated using Eqn 1 to modify the dish azimuth angle value
obtained from the azimuth encoder the accuracy of the dish pointing is dramatically improved. Indeed
the measured residual pointing error after incorporating the software correction is within 0.2 degrees of
perfect alignment over the dish azimuth range 90-240 degrees while the elevation angle changed
increasing from about 30 degrees at the beginning of the data acquisition (morning) through about 70
degrees elevation at about noon and decreasing to about 30 degrees in the late afternoon.
At last the 4.6m telescope is able to track a target across the sky with an accuracy of a couple of tenths
of a degree which is a small fraction of the nominally 1 degree beam pattern of the telescope at
8.4GHz. This much-needed capability has been made possible by incorporating a simple mathematical
correction term, namely Eqn 1, into the pointing algorithm of the dish tracking program. It is probable
that slightly better accuracy can be achieved by using a more complex, higher order, correction
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expression that matches the uncorrected, measured, error behavior better but for the time being the
level of accuracy provided by using a pointing correction based on Eqn 1 will permit a few initial
observations to be made with the telescope. Before the dish pointing was improved using the software
pointing correction trying to track any target was a futile endeavor.
This concludes Volume V of the real-time progress reports. Further progress will be reported in
Volume VI:
http://www.k5so.com/project_to_build_an_8.4GHz_radio_telescope_volume_VI.pdf.
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