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The new top box assembly (described in MMTO Tech Memo 84-8) was mounted
on the telescope during Maintenance and Engineering time, February 27 through
March 1, 1985. This memo describes the tests that were performed and the
results.

D. Blanco aligned the top box acquisition TV optical path before mounting
the instrument on the telescope with a laser mounted on a jig to simulate a
star and masks over the lens surfaces with pinholes pricked in the exact
centers. It was possible to acquire a star with this alignment without making
further adjustment.

The first test was to compare the optical axis of the telescope with the
axis of the acquisition TV path. The telescope axis was located by finding
the center of a circle described by a star image as the focal plane was
rotated using the derotator. The star image was detected by the acquisition
TV (1-CCD) in the top box and displayed on a video monitor. This optical axis
was +13 arc seconds in elevation away from the fiducial described by the
laser. Next the optical axis at the acquisiton TV was located by finding the
center of a circle described by a star image as the acquisition TV was
rotated. This axis was found to be -6.8 arc seconds in azimuth and -2.4 arc
seconds in elevation (7 arc seconds) from the telescope axis. All of these
axes were found to be to the right of the physical center of the video dis-
play.

The AWP’s (achromatic wedge prisms located in the acquisiton TV optical
path) were rotated together to determine the contribution of this assembly to
the error between optical axes. This rotation caused a star image to describe
a circle 10 arc seconds in diameter. AWP #2 was moved +2 degrees from its
"home" position to reduce this contribution to | arc second. [t was noted
that because the AWP’s are not thin, the contribution cannot be reduced to
zero. With this correction in the AWP relative positions, the difference
between the telescope and TV axes was reduced to 4 arc seconds:

Pixel position X y

Camera 278 262
Derotator 257 286
Difference =21 24

Some useful parameters were measured during this exercise:

Camera lens and box used 200 mm 80 mm
Azimuth scale of I-CCD (new) 4.612 1.980 pixels per arc second
Elevation scale of [-CCD (new) 5.793 2.435
Azimuth scale (old) 5.800 2.618

Elevation scale (old) 6.400 2.632




The home position of the acqusition TV camera fs -23 degrees from the location
at which the telescope and TCS Grinnell axes are aligned. The bolt holes in
the acqusition camera mount are such that the minimum increment for rotating
the mount is 45 degrees, SO that it will be necessary to rotate the camera 23
degrees from the home position to align axes.

The two lenses available for the acquisition TV may be changed in 5
seconds under remote control. A star position repeats exactly when returning
to the same lens within the l1imits of visual observation. We did not check
to see if the star image moves {f the star is on axis and the lens is changed.
Off axis, the star will move because of different scaling between lenses.

Each star image was individually defocused using the telescope
secondar ies and moved about the field of both lenses to look for vignetting.
In the "down focus" position, the beam combiner is over-filled, and this
vignetting was readily visible as predicted. However, some vignetting of the
image from telescope A was visible in the "up-focus" position using either
lens. This vignetting took place when the image was moved outside of an
estimated 80 arc seconds field of view (the telescope field is 4 arc minutes).
The pupil wheel was rotated, but the wheel was able to move quite a bit before
vignetting from this assembly took place. Since the problem occurred with
both lenses and was not the pupil wheel, it was assumed the problem was in the
top box, but in front of the pupil wheel.

The collimation and alignment of the Beseler lens was checked to find the
source of the vignetting. A focused on-axis star image at the focal plane was
reflected back through the Beseler by placing a flat mirror on the top of the
lens. The return image from the lens was in focus at a Beseler lens position
of -8.17 (the range of motion is -10 to +10 where +10 is farther from the
focal plane). The distance between the star image and the return image at the
focal plane was 1 inch, apparently indicating that the Beseler axis is not
parallel with the optical axis. This tilt was not corrected but was assumed
to be a likely source of the vignetting problem.

The two lenses were made confocal at the location where the Beseler was
in collimation. The 80 mm lens was adjusted for a focus of 5.9 m and the 200
mm adjusted for 18 m, indicating that the mounting of both lens will have to
be changed for the lenses to be confocal at an Infinity setting.

The telescope was pointed at stars at 33 degrees elevation, 58 degrees,
and 75 degrees to check for flexure. None was apparent within the 1imits of
visual observation; that is, each star appeared at the same place on the
monitor.

In response to concern about jower throughput to the acquisition TV
because of the AWP’s, an effort was made to see faint stars. The faintest
found was 17 magnitude, but this was with the engineering mirror on a moonlit
night. The engineering mirror is not shrouded from ambient light and is quite
dirty. This measurement corresponds with results under similar conditions
using the old top box.

The camera rotation stuck at one point. The situation was corrected by
reducing the speed, apparently iIndicating that this motion is underpowered.

A focused star image was moved about the CCD to determine if it would
stay in focus. It did, indicating the CCD surface is perpendicular to the
optical axis.

The wedge prisms used for auto-guiding (placed in the pupil to force the
images to be diverged at the acquisition camera while stacked at the focal
plane) were not installed and tested, but auto-guiding was tested by




separating the images at the focal plane. The image positions at the focal
plane were measured while auto-guiding by placing an unintensified CCD camera
and a beam splitter near the focal plane and feeding the video to the
Instrument Grinnell where a routine was used to measure star position
independent of the TCS and the top box. The results show some jerky movement
as a result of over correction of the auto-guide routine, but .25 arc second
RMS tracking accuracy. (See Figure 1.)

The AWP’s were moved with respect to each other to calibrate their motion
with distance on the sky. The results show that this prism pair can be used
to find a star anywhere in the telescope field under computer control. The
motion is not fast, a full 360 degree rotation takes 3 minutes. Where the
prisms are to be used for finding a guide star, it will be necessary for the
observer to come prepared with a catalogue of guide star position coordi-
nates for his program stars. Finding a guide star with some sort of search
mode would be too slow to be efficient.

Figure 2 shows plots of the defiection of a star for each AWP derived
from measurements taken on the sky. The plots are in seconds of arc on the
sky. (The data was taken in pixels, but corrections have been applied for the
camera scaling.) The plot for AWP #1 was made by holding AWP #2 fixed and
sweeping out a circle with AWP #1. Measurements were made every 30 degrees;
similarly, for AWP #2.

1f one wants the smallest circle when both AWP’s are rotated together
through 360 degrees, then AWP #2 has to be set at 2.0 degrees. This 2
degree offset has been removed from the attached figure.

The angles where data points were collected are command angles from the
AWP’s home position, where the home for AWP §2 is offset by +2.00 degrees
from its mechanical home position.

The diameter of each circle was determined by averaging the six
diameter measurements, viz. data points at 0 and 180, 30 and 210, 60 and 240
etc.

The deflection circles are canted at a 15-16 degree angle, and the
ratio of the two diameters fis 0.9885. These measurements indicate that the
wedge prisms are quite well matched and the maximum deflection of the wedge
prisms is 2.45 minutes of arc, which is more than half the four minute field
of view.

The AWP’s were roted a full 360 degrees while counting steps to check
for missing steps. No problem was encountered.

The Echellie spectrograph’was mounted on the new top box to test the
comparison sources. Though the incandescent lamp tested satisfactorily using
the fiber optic feed from the Instrument Lab, there was almost no jillumination
provided by the thorium-argon. For this reason, it was decided not to use the
new top box for the Echelle run starting March 6th.

The box was not tested for light tightness.

Conclusions:

Though some minor adjustments need to be made to optimize the optic
alignment in the new top box, the assembly will be available for use when
problems with the comparison source feed can be resolved. Only manual
operation will be available initially for routine operations, though
computer operation is available for testing. Computer operation is required
for any PA (paralactic angle) related function.
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