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CHAPTER 1 - INTRODUCTION
A. What is the CAT?

The CAT Is a Computer Alded Telescops accessory that can be adapted to virtually any lelescope with an
equatorial mounting. Speclal mounting hardware has been developed for Meade 8 2080/LX6 and 10”
2120/LX6 Schmidt-Cassegrain telescopes. The mounting hardware supplied is easy to instail with hand
tools and no modifications to the existing telescope are required. The CAT is powered directly from the
LX6 Power Panel (see the LX6 Supplementary Instructions for details and power requirements).

B. What does the CAT do?
The CAT can do many useful things. The most basic are:

1. Keep track of the sky coordinates (RA & DEC) that your 5cope is pointed at. In this respect the CAT is
a higher resolution equivalent of setting circles plus digital readout.

2. Keep track of the coordinates and characteristics of thousands of astronomical objects. So the CAT
serves the same function as star charis plus reference baoks, but in 2 much more convenlent form.

3. Keep track of miscellaneous information that is necessary or useful during observing, ike time, date,
site location, exposure time, etc.

4. Identify the object closest to the center of the field and tell how many other CNGCs are in the tield (the
FIELD command).

5. Automatically select objects to view based upon characteristics that you specify (type, brightness, size,
visual quality, minimum altitude, etc.) in a convenient sequence that minimizes the distance between
objects. The display describes them and the RED CROSS leads you to them, ona after the ather. This
is the FIND command.

6. Compute information that is not directly available {aliitude, azimuth, hour angle).

As you read this manual, you will find that the CAT has many capabilities not mentioned above.

e A
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C. Features
© The CAT has the totlowing object ibraries in the internal system memory:

The first abject library is the CNGC library, which i & calnlog of deop-sky objects
The entnus in this library &re relerred to a3 CNGC 1 through CNGC 7840,

The second objuct iibrary consists of 8 STAR catalog, which is & database of 351
stars. Referunce 10 the STAR database is made from STAR 1 through STAR 351.

The third library Is the Massier iibrary. This object Ilbrary consists of the Messier
catalog of deap-sky abjacts, and is reforred to as M 1 through M 110,

Finally. the fourth object library consists of the plansts Mercury through Piuto, and Is
retarred to as STAR 901 through STAR 909.°

~ Detailed information is displayed for each object, making star charts and atlases a thing of the past.

~ 14, 9-segment LED's are used to display telescope posltion and numerical information.

- 14 command keys with audibla, visual, and tactile teedback, for entering information and commands into
the CAT,

- 112 bar LED's are usad to display command key meanings and object information.

- :f ;:;e';os::\em LED's are used to form a RED CROSS 10 indicate telescepe position relative to the object

~ The RED CROSS is a graphic display of the direction and distance 1o an objact. Just move your scope
to make the red lights converge - the object is centered! You can find hundrsds of objects per hour this

way!

- The CAT is lightweight, compact, and consumes less than 10 Watts of power.

- High precision optical shall encoders are Incorporated to keep track of telescops pasition, even if the
telescope is moved manually.

~ Precision optical encodars monitor RA and DEC motion to a resoiution many times higher than
conventional setting circles. The CAT resoives .5m in RA and 3’ in DEC; that's 1/8° in RA and 1/20° in

DEC.
- Installation of the CAT takes less than half an hour on most telescopes, with only simple hand tools.

- The CAT has a buift-in exposura timer, with a “time-out™ alarm.
- The complete listing of the CNGC, containing 7840 deep-sky entries, is available in a durable notebook.

- The CAT can be interfaced with printers and computers with an optional RS-232 interface.

* Planstary data is supplied through the year 1996. After this time, new ROM's will ba available. See your
Meade dealer for new updates.



D. Important Preliminarios
+ e atw to rond this manunl betore attempting 1o assemble of use your CAT

~ Asgembly and tosting should bu carded out Indoors (or In an chiservatory) with your scope set up next to
& cloarod tablo.

~ Try out ALL the commands indoors (aftor testing) Do not cperate your CAT for the firel time undar the
right sky or at & remoto silo.

- Handle the encoder machanics with cara. The encoders comain glasa discs which may break ¥ dropped.
Tha CAT warranty does nol includo broken oncoders due to mishandling. Roplacement sncoders are
oxponsive, 8o lako oxira precautions when handling.

« Use only Meada cablos to power your CAT

~ Bae suro the power cable is only connecled 1o powsr sourcas for which they are intended.

~ When you are famillar with the CAT's basic oparation, iry out the commands Indoors & few limes befors
laking It out for an observing session. t's fun, and you won be sorryl

- Be sure you carry out the steps in Chapter 5 - First Night Out - before you try to use your CAY,
Alignmant and ad|ustment steps are described that must be carmied out for the CAT to work properly!

- It you live "down under" or plan 1o take your scopa to tha southem hamisphare, a few items (in the

assembly procadure paricularly) are differant from the normal instructions, but not in a ditferent orger.
This manual tries to note them all.

- The term Pole Star refers o Polaris (STAR 19) in the northern hemigphere and to Sigma Octans
(STAR 351) in the southarn hemisphere.

- Fill in the observing site table In the inside frant cover of this manual with the longitude & latitude of alt

sites you observe from. Otherwise, you'll need 10 reder o maps that show the longitude and iatitude of
your observing sites.

- If your CAT seems 1o be functioning improperly, check this manual carefully and repeat the command or
process that causes the symptom. In most cases the CAT ls operaling property and you have
rmisunderstood the documentation. if, however, you still think you have found a “bug®, contact Meade.
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CHAPTER 2 - UNPACKING ,

standard LX6-CAT is packed in one box, and includes:

= Console / Tripod Tray.

- RA Encoder.

- DEC Encoder.

~ Encoder Cables.

= 1.5 Amp Wall Adapter {use in place of the wall adapter supplied with the telescope).
= Junction Boy.

— Belts, pulleys, and hardware.

- User's Manual.

Fig 1: The CAT and a Meade Mode| 2080
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Carefully unpack the cartan and compare the cantents to the packing list supplied. identify each par

especiall i » . !
érogedu,eys_the parts in the *Small Parts Bag") to be sure you can find the correct part during the instailation

A. CAT Console / Tripod Tray

The CAT console is an 8" x 4" x 1~ enclosure that h i i

Ouses a special purpose computer that you control with
14 keys. More thar) 100 L.E.D. displays are used 1o keep you
Commands. These displays are not visible until the unit is turned on. (The CAT can be turmed ON when il

is not connected to the encoders, but always keep your hands away from the encoder connectors. Static
discharges can destroy electronics in the console and encoders.

The console is attached to a combination tripod tray / stand, ready to mount directly to the tripod of the LX6

1qlesoopes for maximum convenience. |t can also be adapted 10 other tripods and piers. Alternatively, the
triped tray acts as a stand that can be set on any flat surface.

The CAT runs on 9-13 Volts DC at less than 1 Amp, and gets its power from the LX8 Power Panel. The
go:_?ele has no separate ON/OFF switch, but the LX6 ON/OFF switch controls both the telescope and the

WARNING!

The LX§-CAT is supplied with a 1.5 Amp Wall Adapter. When using the LX8 telescope with the
CAT, this 1.5 Amp wall adapter must be used in place of the standard 1.0 Amp wall adapter

(supplied with the telescope). Failure to use the 1.5 Amp wall adapter can result in damage
to the telescope, the CAT or both.

B. RA Encoder Mechanics

The RA Encoder system consists of the following parts:

1. The RA Encoder with small timing pulley.

2. A large timing pulley and shart shoulder bolt.

3. A timing belt to couple the small pulley to the large pulley.
C. DEC Encoder Mechanics

The DEC Encader system and consists of the following parts:
1. The DEC Encoder with small timing pulley.

2. A large timing pulley.

3. A timing belt to couple the small pulley to the large pulley.
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CHAPTER 3 - INSTALLATION

3y seem a bil intimidating at first glance, instaliation of the CAT is actually

While the following instructions m ' ,
eading these instructions, will only require about 15 to 30 minutes.

very straight forward, and, after r
ng the two optical encoders and pulley systems;

Installation of the CAT invoives four basic steps: Attachi ! f
ng the Junction Box into the fork arm; apg

connecting a piug inside the telescope's drive base; attachi
mechanically aligning the mount. No special tools are needed.
Disconnact the telescope from at Power sources before proceeding.

Thesa instructions apply to both the 8" Modal 2080/LX6 and 10" Modal 2120/LX8.

A. Installing the Declination Encoder

Refer to Fig. 2 for the following instructions.

setting circle.

2. Remove the plastic setting circle pointer iocated on the flat surface of the fork arm. Underneath thig
pointer is a tapped hole. Also remove the plastic hole plug covering the Dec. encoder mounting hole (#7,
Fig. 2).

3. Thread a large hex nut onto the encoder with the short cable and place the ancoder through the slot in
fequire a large hex nut) Thread a small hex nut onto the

the fork am. (Note, the 10~ LX6 does not
hat the outside hex nut s just flush with the top of the threads on the

encoder. Adjust the inside hex nut so t
encoder. Hand tighten the hex nut. Carefully rotate the telescope in Deciination to check that the telescope
clears the encoder. Readjust the two hex nuts if necessary.

4. Slide the small 24-tooth pulley onto the encoder shaft. Make sure the hub of the pulley is toward the
encoder. Position the puliay so that the hub does not qQuite touch the shaft suppont housing or hax nut
(about 1/64"). This will insure that the pulley rotates frealy and does not "drag” on the encoder heusing.
Tighten the set screw to a firm feel only. Do not overtightan, as this may strip the threads of the pulley.

(#2, Fig. 2) into the tube adapter, where the Dec. setting circle knob was

5. Thread the Dec shaft extension
any spacers removed In Slep 1, above. Make 8ure the telescope rolates

located and tightan firmly. Replace
freely in Declination.

oth pulley with the three set screws onto the Dec ghaft extension. Posttion this

6. Slide the large 120-to
tooth pulley. Tighten the three set screws 1o a firm feel only.

puiley so that it is directly in line with the 24-
Again, do not overtighten.

7. Place the 165-tooth timing belt onto the two pulleys.

8. Move the encodar assembly in the fork arm siot until the timing belt Is just snug. Using the special
wrench supplied, carefully tighten the outside hex nut so that the encoder will not rotate as the telescope is

maved in Declination.



If the liming belt tension is not correct, loosen the hex nut and reposition the encoder.

8. Position the Dec encoder cover ont
: o the f i
mousting hole. Lightly tighten this bok, P m and {ead the mourting bolt o the encader

Instalfation of the Declination encoder is now compilete.

.
@

{1) Dec. Pulley Mounting Hole {8) Dec. Encoder Cover Mounting Hole
{2) Dec. Shalt Extension (9) Large Innar Hex Nut

(3) 120-Tooth Pulley (10) Declination Encoder

(4) 165-Tooth Timing Bekt {11) Encoder Cable

(5) 24-Tooth Encoder Pullay (12) Right-Hand Fork Amm

(6) Small Quter Hex Nut {13) Dec. Encoder Gaver

(7} Dec. Encoder Mounting Hole {14) Dec. Encoder Cover Mounting Bolt

Fig. 2: Dec. Encoder Installation




(1) R.A. Timing Belt
(2) Shoulder Bolt
{3) 60-Tooth Pulley
(4) 120-Tooth Pulley
(5) Flat Washer
{6} Large Upper Hex Nut
{7) R.A. Fulley Mounting Hole
(8) Right Fork Arm
(9) R.A. Encoder Plug
(10) Dec. Encoder Plug
{11) Junction Box

F

gt ’
)
"

(12) Encoder Cable Slot
(13) R.A. Encoder Mounting Hole
(14) Small Lower Hex Nut
(15) R.A. Encoder
(16) R.A. Encoder Cover Mounting Hole
(17) R.A. Slow Motion Knob
(18) R.A. Lock Lever
(19) Junction Box Encoder Cord
{20) Cable Tie
(21) RA Encoder Mounting Bolt
(22) RA Encoder Gover

Fig. 3: R.A. Encoder Installation
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B. Installing the Right Ascension Encoder

Refer to Fig. 3 for the following instaliation instructions:

1. Remave the plastic Polar Cover from the center of the RA drive base, and th j i
. 8 plastic hole coveri
the R.A. encoder mounting hole (813, Fig. 3). : Ps "

2. Remova the standard flat washer located in

_ f the center of tha drive base by removing the hex-head bol.,
Replace this washer with the new one supplied {#5, Fig. 3).

3. Place the large pulley with the counterbore over the center of the RA drive base with the hub down

(against the washer on top of the R.A. axis). Put the shouider (#2, Fig. 3) bolt through the pulley and
washer and thread it into the end of the RA axis untit # holds the pulley in place.

4. The R.A. encoder is the one with the long cable. Thread the cable through the Encoder Cable slot (#12,
Fig. 3) from the bottom side.

5. Thread the small hex nut (#14, Fig. 3) onto the R.A. encodaer and place the encoder through the siot in
the fork arm. Rotate the encoder so that the cable points toward the inside comer of the fork arm. Thread
the large hex nut onto the encoder. Adjust the lower hex nut so that the upper hex nut is just flush with the
top of the threads on the encoder. Hand tighten the upper hex nut.

6. Slide the small 60-tooth pulley onto the encoder shaft. Make sure the hu
encoder. Position the pulley so that it does not quite touch the floor of the fork arm or hex mut {about 1/64").
This will insure that the pulley rotates freely and does not "drag” on the encoder housing. Tighten the three
set screws 1o a firm teel only. Do not overtighten, as this may strip the threads ol the pulley.

b of the pulley is away from the

7. Place the R.A. timing belt (215-tooth for the 8" and 255-tooth for the 10°) onto the two pulleys.

8. Move the encoder assembly in the fork arm slot until the timing belt is just snug. Using the special

wrench supplied, carefully tighten the small hex nut so that the encoder will not rotate as the telescope is
moved in RA.

After tightening the hex nut, check the tightness of the belt. it should have about 1/8~ of moverient in the
belt. The belt should be just tight enough so that any motion in Right Ascension immediately moves the
encoder pulley. If it is too loose, there will be “play” between the two pulieys and the timing belt, resulling in
the position readouts not being as responsive as they should be. Worse, howaver, is having the timing bett
too tight. This will create excessive wear on the encoder, resulting in shortened encoder lfe.

If the timing belt tension is not correct, loosen the hex nut and reposition the encoder.

9. Paosition the R.A. encoder cover onto the fork arm and thread the RA encoder cover mounting bok into
the encoder cover mounting hole. Lightly tighten this bolt.

installation of the R.A. encoder is now complete.



(5) Power Panel Connector

(2) Base Controller PCg () Connector Adapter
(3) 11-Pin Power Pang| Connector (7; Connactor Pinipt

(4) 9-Pin Power Panel Connector

(1) 5-Pin Motor Connerctor

Fig. 4: LX6 Drive Electronics

C. Connecting the Encoder Piug
The next step in the addition of the LX6-CAT. is connecting a cable inside the telescope drive base. Refor

to Fig. 4 for the loliowing instructions:
efully move the Power

1. Remove the four phillips-head screws that hold the Power Panel in place. Car
anel aside, revealing the Bage Controller PCB. You will notice a loose cable coming from the back sida of

P

the Power Pane!l This cable will plg into the Base Controller PCB (#2, Fig. 4),

2. Using the special connector adapler (# 6, Fig. 4, plug the locse 9-pin cable (#5, Fig. 4) onto the Base
Controkler PC8 Connector Pins. Be caretul to get the cornactor adapler In the correct orlantation.

3. Replace the Power Panel,

D. Instaliation of the Junction Box

The Junction Box for the LX6-CAT combines the two e
Time battery backup is located in this box.
1. Hemove the Junction Box cover plate and insert two size AA

should be used. Replace the cover plate.
. just above the R.A. Encoder Cover. The junclion

ition the Junction Box into the ingide of the lork arm
. designed 0 press into the fo

ncoder signals into one cable. In addition, the Local

batterias. High quality Alkaline batteries

2. Pos

box has rubber spacers on the sides and back, and are
R.A. Encoder cable (still hangi loose) in behind the Junction Box, 8o that it is held In place by the
( oy i i6 flush with the edge of the fork arm.

edge of the fork arm and attached 1o the

3. The coil cable from the Junclion Box shouid be bent around the
side of the fork arm using a self-adhesive cable tie (see #19 and #20, Fig. 3). The other and ol the cable is
plugged into the Power Panel in the Encoders Socket

4. Plug the Dec. Encoder Cable into the Junction Box
connector shouid lace toward the fork am. Plug the R.A.

siol.
Irstatiation of the CAT ia now cormplele.

Dec. Encoder slot. The locking ridge on the cable
Encoder cable into the Junction Box R.A. Encoder



L CHAPTER 4 - TESTING

10.

11.

v 11 -

Read this saction once before carrying out the steps.

Altach the console 1o the tripod or set it on a table next to your telescope.

Plug the cable from the LX6-CAT into the the "CAT" socket located on the telescope’s Power Panel,
and unplug the encoders from the "Encoder” socket.

Using aither the 12 VDC

power cable (supplied with the LX6 telescopa) or the
(supplied with the LX6-CA

1.5 Amp wall adapter
T). tum the telescope (and CAT) on.

Observe the CAT console. it should flash ail of the displays and legends for a lew saconds and emit a
tone. It it does, go to the next step. 1t it does not, disconnect the power cable from the console and
power source, and carefully repeat the testing sequence, starting at step 3. If it st does not operiie
property, consult Appendix D for problem solving tips.

Turn oft the telescope and unplug the power cable from the {elescope.

Plug the encoder cables from the Junction Box Into the "Encodar” socket of the Power Pangl,

Plug the powar cable back into the telascope, and tum it on.

The CAT console shouid flagh all the displays and legends for a few seconds and emit a tone. It it
does, go to tha next step. il not, unpk

ug the power cable from the telescope, disconnect the encoder
cable, and carefully repaat the testing sequenca If it still does not operate properly, consult Appendix D
tor problem solving tips.

Listan for a tone from the CAT console as you rotate the tube assembly in DEC through several
complete revolutions. (Be sure there s clearance betore rolating the tube through the tork arms. The
viewtinder may hit the fork arme, and need 1o be removed betore continuing.) if you hear & tone, the
CAT is detecting DEC encoder transition erors. These are aimost aiways a resul of too much force on
the DEC encoder shaft, which can pull the encoder out of internal alignment. In this case, repeat the
DEC belt tansioning steps In the Installation guide.

Listen for a tone from the CAT console as you rotate \he telescope back and forth in RA saveral times

Since the encoder cable will get wrapped up f you rotate the scopa mare than once in RA, you must
move in this back and forth manner in RA. you hear a tone, the CAT is delecling RA encoder
Iransition ervors. Thess are almost always a result of 100 much force on the RA sncoder shaft, which

can pull the encoder out of internal alignment. In this casa, repaal the RA beh tensioning stape in the
installation guida.
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CHAPTER 5 - FIRST NIGHT OUT

Now that you have installed the encoder and completed the indoor tests, you may want to skip over this
chapter and familiarize yoursell with the displays and commands. You will have to attend to a few one-time
details before the CAT is fully operational, and some understanding of the commands will be helpful on the
first night out.

On your first night out, remeamber 10 take:

~ Telescope

— Eyepieces, including one with crosshairs

— CAT console and Instruction Manual

— Telescope tools and tools to loosen the fork arm
— Usual Observing Accessories

A. First-Time Details

The CAT has several limes the resolution of setting circles, which is one reason the CAT Is much more
useful. To take advantage of this higher accuracy:

1. The index marks on the encoders must be set properly.
2. The axes of your telescope must be set properly.
3. Polar alignment of your telescope must be done correcily.

This chapter will describe How to accomplish these steps.

B. The index Marks

if you followed the installation instructions carefully, the pulleys, timing belts, and encoders should be
properly aligned. But you still need to set the encoder index marks. These index marks are special positions
on the encoders where, once per revoiution of the encoder shaft, a signal is sent to the g:AT. These marks
must be positioned at HA = 00 hours in RA (telescope pointing at the meridian) and +90° in Dec. Once tpis
i done the CAT can detect these special positions of your telescope at the beginning of each viewing
session (in the START command). This makes polar alignment much quicker, easier, and more accurate,

The procedure for setling the Index marks Is described later in this chapter, under "Getting Everything
Aligned”.



-13 -
C. Telescope Axes

The three axes of a lelescope are shown in Figure 5 and listed below:

THE AXIS HOW [T IS DEFINED
OPTICAL In the direction the optics are painted
RA EastWest motion Is rotation around the RA (polar) axis
| DEC NorthySouth motion is rotation around the DEC axis

D. Polar Alignment

Finally, even if the encoders and telescape are installed perfectly, the RA axis must accurately point at the
Celestial Pole for pointing accuracy 1o be good. Remember, Pole Star refers to Polaris (Star 19) in the
northern hemisphere, and Sigma Octantis (Star 351) in the southemn hemisphere. Also replace +90° with
-90° if you are “down under”.

Optical Axis

RA (polar) Axis\ \

Dec Axis RA (polar) Axis

(In and Out of Page)

North

Flg. 5; Telescope Axes
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%90"

Fig. 6: Telescope Pointing at HA = 00 and DEC = +90 Degrees



-15-
E. Pointing Accuracy and Pointing Errors

The painting eror introduced by misalignment varies between zero and twice the misalignment. In other
words, an alignment ermor of 5' will result in pointing efrors up to 10°. The pointing emor will vary with
lelescope position, from zero in one area of the sky up 1o twice the error in others.

Aligning the RA and Dec. axes need to be done only once - on your “irst night out”. Foliow the instructions
carstully, for pointing accuracy on all subsequent observing sessions depends upon how well you carry out

these impontant steps. If you do well, pointing errors will be small and the CAT position displays will be
accurate,

Flexure of the telescope also affects pointing accuracy. Flexure is primarity a function of the design and
tabrication of the telescope, but may be aggravated by adding weight 1o the mounting of whbe assembly.

The following instructions accomplish the alignment of the RA and Dec. axes in one set of steps. H you

carry out thase instructions properly, the pointing accuracy should be consistently good, so be careful and
take plenty of time.
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F. Getlting Everything Aligned

The goal of most of the steps below is to make your telescope's optical axis and RA axis parallel. You've
achieved this when you can look into the eyepiece of your telescope, rotate it + 90° in RA, and see stars
rotating around the center of the field. If you cant get it exaclly centered, do as well as you can and seg
"How Close Can You Get" at the end of this section. You will aiso set the encoder index marks to HA = 0o
hours (see box below) and Dec. = 90° as required for successiu! use of the START procedure.

Set up the tripod so the RA axis is pointing as close as possible to the Pole Star and find a patient
assistant. A low-power eyepiece with a cross hair reticle in a right-angle diagonal are best for this
procedure. Qrient the diagonal and cross hairs so the North/South and East/West motions make stars
move parallel to the cross hairs. The cross hair that is parallel to Dec. motion will be called the N/S
(NonttvSouth or vertical) cross hair and the cross hair that is parallel 1o RA motion will be called the E/wW
(East/West or horizontal) cross hair. The point around which the stars rotate will be called the
“point-of-rotation® which is shown in the figures as "0". The previous position of "o" is shown as " @ " see
Figure 7c and 7d.

1. Steps 1a through 1e (below) set Dec. to +90°. Note which direction stars move in the field when you
move the scope in Dec. (with the Dec. slow-motion knob on the lefi-hand fork arm). This is the
direction in which the following steps wilt move the "point-of-rotation™ in the field. See Figure 7a through
7d for an illustration of this process before continuing.

00h Hour Angle (HA-00h) occurs when the telescope passes the Meridian, This happens when the
fork arms are at the same height as they rotate in R.A. (see Fig. 7), and represents when an object
reaches it highest position in the sky. This position is also the point where sidereal time is
determined. The Right Ascensicn of a sfar passing the Meridlan is defined 1o be the Sidereal Time.
So, for example, when the star Vega (R.A. = 18:36.5) passes the Meridian, the Sidersal time is 18
hours, 36.5 minutes.

a. Point the telescope as close to +90° in Dec. as possible and lock the Dec. clamp. (Stand back
from your scope a few feet and make sure the tube looks parallel with the fork arms; adjust if
nacessary). Also position the telescope at about HA = 00h as shown in Figure 6.

b. Use the altitude and azimuth controis on the wedge 1o bring the Pole Star into the field of view.
The Pole Star is used here bacause ¥ is bright and won't move much during this procedura.

c. Unlock the RA clamp, and rotate your scope in RA a considerable distance (+ 45° or more) while
iooking through the eyepiece. If the point-of-rotation Is somawhere along the E/W (horizontal)
crosshair (Figure 7d), then Dec. is set at +90° - go to step 2. Otherwise, make a mental note of
the location of the point-of-rotation in the field.

d. Use the Dec. slow-motion control knob to move the point-of-rotation from s current position to
the E/W (horizonlal) cross hair {(Figure 7c). If this moves the Pole Star out ol the fisld, use the
polar elevation angle and azimuth adjustments on the wedge 1o get it back.

e. Again rotate the scope in RA and note the paint-of-rotation. It should be closer to the E/W
{horizontal) cross hair than last time (if it isn't, you moved the wrong way in Dec.). Repeat
steps 1c through 1e until the point-of- rotation is on the E/W (horizontal) cross hair (Figure 7d).
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7a: After step 1a, the Pole Star and/or the

"point-of-rotation” may be out of the field of
view.

7o: Using the polar elevation angle and
azimuth controls on the wedge, bring the Pole
Star inte the field of view. This will not change
the position of the "point-of-rotation” in the
field. Step 1b.

7¢: Using the DEC slow-motion control, bring
the "point-of-rotation” approximately to the E/'W
(horizantal) cross hair. Tuming the DEC knob
also moves the Pole Star, so if the Pole Star
moves out of the fisld, bring it back in wilh the
polar elavation angle and azimuth contrels on
the wedge.

7d: Repeat step 1c through 1e until the
"point-of-rotation* is on the E/W (horizontal}
cross hair.

N/S = DEC
Motion
—
/ Vertical \Cross hair
i el E/W = RA Motiol
Point of Rotation

7R
™~
.

<
>

Fig. 7: Pointing the Telescops at +30 Dog;pu __
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2. Staps 2a through 2f (below) make the RA and OPTICAL axes parallel, which will make the RA and DEC
axes perpendicular (ie, the DEC axis perpendicular to the OPTICAL axis). This procedure is similar to
1a through 1e, but the point-of-rotation will be moved along the E/W (horizontal) cross hair 1o the center
of the field. See Figure 8a through 8¢ for an illustration of this process before continuing.

a. It the point-of-rotation is in the center of the fiekd (Figure 8¢), the RA and OPTICAL axes arg
parallel and step 2 is complete, 50 go to step 3.

b. Look through the eyepiece while your assistant slightly loosens the two bolts that hold the
left-hand fork arm to the drive base.

¢. When the bolts are lkoose, have your assistant move the fork amm along the RA axis, towards or
away from the Pole Star, whichever brings the point-of-rotation closer to the center of the field.
You may find a fiat-blade screwdriver useful o move the fork arm along the RA axis. Place the
flat blade at the bottom of the fork amn and lever against the drive base. When the
point-of-rotation is approximately centered, have your asslstant retighten the fork arm boits.

d. Rotate your scope + 45° or more in RA and see If the point-of-rotation is in the center of the field
{tightening the bolts may have moved it slightly, alang either or both cross hairs - Figure 8bh). If
the point-of-rotation Is in the center of the field, then go te step 3.

e. If the point-cf-rotation is East or West (left or right) of the N/S (vertical) cross hair, then go back
to step 2b and try again.

f. If the point-of-rotation is ON the N/S (vertical) crosshalr, but is North or South {above or below)
the E/W (horizontal) cross hair, then go back to step 1a and proceed as directed.

3. Make sure the bolts that hold the fork arm to the drive base are tightened. As you manually move the
scope +-90° in RA, the Pole Star and other stars in the field should rotate around g peint close to the
center of the field. If they don't, go back to step 1. If they do, tum off your clock drive and move your
scope in RA only until the fork arms are at equal heights, that is HA = 00h = pointing at the meridian
(see Figure 6). Use a bubble level it you have one. The RA and DEC axes are now perpendicular.

4 Execute the START command (not the shont form) through Step 3d (the point where you would
normally move the telescope past Dec. = +90° and HA = 00h 00.0m, but do not move your
telescope. Instead, slightly loosen the bolt that holds the large pulley to the RA axis and slowly rotate
the pufley (not the telescope) untit you hear the tone from the CAT console. Carefully tighten the pulley
to the RA axis, and make sure you still hear the tone when it is sacured. Then move your telescope
sfightly in RA 1o stop the tone. Repeat this process with the large pulley on the Dec. axis. Press
ABORT - you have now set the encoder Index marks. Then execute the complete START command

and begin observing.

Note: In addition to the tone, the "BEEP" legend (in the RA Display Group) will iluminate anytime the tone
i generated. it may be easier 10 jook for this legend than try to hear the tone while setting the pulleys. Any

function thal generates a tone, also illuminated the "BEEP" legend.
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9a: Try to center the “point-of-rotation” by moving
the fork arm along the RA axis. Retighten the
bolts and check the “point-of-rotation”. If it is East
or West of the N/S (vertical) cross hair, but still

on the E/W (horizontal) cross hair, repeat steps
2b through 2f.

gb: Tightening the bolis may have moved the
"point-of-rotation” off the EMW (horizontal)
crosshair. If so, repeat steps 1a through 21

9¢: If the “point-of-rotation” is on the center of the
field, go to step 3.

Fig. 8: Making the Optical Axis Parallel to the RA Axis
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G. How Close Can You Get?

It is important fo have an eyepiece that gives tha lowest power practical. This will make the alignment
procedure easier to foliow.

. - i hances are you
Because the telescope’s polar axis is tited at an angle (to compansate for your latitude}, ¢
will not be able to exactly center the point-of-rotation. Mechanical flexure, "mirror shit”, and Q‘heftfiticéors
will usually result in changes In the apparent position of the point-of-rotation as the telescope is rotated In
R.A. Take plenty of lime, and do the bast job you can.

The pointing error introduced by telescopa flexure s roughly equal to the amount of flexure. But telescope
flexure during the polar alignmeant proce?ss can cause some polar alignment efror, which adds }o the totai
pointing error, It is not easy to reduce the flexure of your scope, but you can improve polar alignment by
Yine tuning”. The easiest way to fine tune the polar alignment is to execute the §horl form of the START
command two to five limes. You can also use the classical "star drift" method, but it takes much more time.
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/— Keys
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©0g68g58a ]>

MAG  GMT RA  SIZE

LONG TIMER oB: HA
ON  OFF ALT  FIELD

BEEP PLAN LOW  BAT

(100000000 K Ro0un00am

©

SUPER EXCEL VGOOD GOOD FAIR POOR YPOOR
BRITR FAINTRLARGR SMALR HIGHR TIMER BETTR

RATED

NGC

MONTH DAY

LAT
M

STAR
CNGC

0000000 G DOEON0Ude

TIRION S-CAT2

AZ YEAR
OBJ EPQCH
DEC #IN

AR
K@D.D.E’E’.D.Dﬂb

DiISp SET SYNC FIND REV BACK OPT
) 8 7 8 -1 - ABOAT
4 3 2 1 0 ABORT
CNGC M  5STAR FIELD START NEXT ENTER

MULTS ORJ COORD ALTAZ TIME SITE

l STAR

GAL

HA
PNEB DNEB GLOB OPEN TYPESI

©

/

Dec Digits

Dec Display
Group Legends

—/ X Z— "Soft Key" Lagends
Error Bars

Fig. 9: CAT Console with all Displays & Legends Hluminated
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[ CHAPTER 6 - CONSOLE FUNCTIONS —\

or. and the fallowing one, describe how to use the CAT and what i can do. You'll find these
ul # you have your telescope and CAT set up nexi to the table you're sitting at  You'll
iy what the text describes and try out the commands first hand. Deon't do this outdoors

This chapt
chapters most usel
be gbis to see exacl
- it's not time yel!

In the following chapters, a “+" I8 used 0 separate keystrokes and/or actlons, a "#" to specily a number that
you should input, [square brackets] to enciose oplional steps, a “o" to reprasent the decimal point , and
{parentheses) 1o encolse comments or actions that you ar the CAT take.

The CAT uses three types of LED's to display information.

NAME TYPE FUNCTION

DIGITS 9 Segment LED's Numeric digits
LEGENDS Bar LED's fluminates various words
ERROR BARS 10 Element LED's Used 1o help find objects

Look at Figure 9. It shows the location of alt the digits, legends, and error bars. You can illuminate alt of
these by pressing OPT+ o.

A. Soft Keypad
Commands are entered by pressing one or more of the 14 "soft-keys". Each soft-key Is comprised of the

key plus the 4 back!lt legends above or balow it. The functions of the keys change as you enter commands
- they're called “soft-keys” because their function is continually updated by software in the CAT.

For example, the upper left soft-key can be 9 or DISP or BRITR or SUPERB or nothing al all, depending
upon which legend is illuminated, if any. Power up your unit and press the upper left key (DISP) to get an

idea of how the sofi-keypad works.
Note how the soft-keypad makes it easier to use the CAT than a conventional keyboard. There are no
keywords to remember, no reference cards to consult, no ambigully. At all times the sofi-keypad tells you

exactly what you can do next by illuminating the appropriate legends. If a soft-key has no function, then
none of its legends are iliuminated. If you press a soft-key with no function, nothing happens, except the

beep you aways hear when you press a key.

Execute 2 DISP + TIMER command for example. Then press TIMER several times o toggle the timer
ON/OFF/ON/OFF.... Waich the timer value start and siop on the upper row of digits. With the timer

running, press REV + TIMER. Note how the timer starts counting in reverse (le down).
The displays are arranged in DISPLAY GROUPS as described on the following pages.
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B. RA Display Group s

§
©g8H8686 ©
wo  owr A s $3081 VU000 GO0D A POOR WOOR
Group 1 :":?,.: E 'En ??g??mg
oup2 -~ Ooooo0o
EEREERR
Grove 3 = R - R
o ous o S o coom il e W
Group4,_---———/' - e s on P ol s e T
kL o 5B8B6888 °
v
GAOUP 1 | DEFINITION RANGE
MAG Oblects(CNGC, STAR ,M or Planet)
LONG Your observing sites Longitude (DOD"MM) OOD = 0 1o 180 (+.-) dagreds anc
ON Specitied option bit is ON
BEEP Visible feedback for audible tone
GROUP 2 | DEFINITION RANGE
GMT Greanwich Mean Time S ) e X e T econca
TIMER Timer value g‘;“,,m.‘sf 2):54 vy ez ';;‘:‘;,';,f‘.&o ®
OFF Speciiied option bit is OFF
PLAN Object is a planet o
GROUP 3 | DEFINITION RANGE
RA The telescope’s Right Ascension HHQ:Mh::)-HH =00 23 houm, MMM = 0 0
OBJ + ALT | The object's altitude above tha horizon (DD) DD = 010 B0 (¢} dagraes.
ALT The telescope’s altitude above the horizon | (00 00 =010 %0 (v dearess.
LOwW The object is below the horizon l
GROUP 4 | DEFINITION RANGE
SIZE The object’s (CNGC, STAR, M, or Planst) size
HA The telescope’s hour angle (HH MM M) Hi = 0 0 23 houss, MMM =00
FIELD® | The radius of the Flald B g | o
BAT Not used

* FIELD Is the fleid mdius = (FLe x AFe)léE.xFLs). FlLe la the Focal Length of the Eyeplece. AFe s tha
Apparent Fleld diameter of the Ege lece. is the Focai Length of the in the same units &s FlLa.

x means multiply and / means a. The detault fiekl radius (upon power-up) 18 15, See Appendix € tor
useful lelescope equations.
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C. DEC Display Group  ~
385'5'5'85'8

~ aren ExceL
Group 4 ‘?:':.?E 2E e
e | S o Y
Group 3 ::l D L—j D D D D
Group2 m SEOC000
N Gaac pic M STAR GAL PeEB OWED GLCA OPEM TYPER
L o86E8B6EEL © )
GROUP 1 DEFINITION RANGE
RATED Object rated by visual observation
MONTH | T mor B S
LAT Your observing site's latitude LDE‘,’,H;"JE?Q&“,.;&&“ (+,7) dagraes, and MM
M Messier number
GROUP 2 DEFINITION RANGE
NGC Object ks in the RNGC with the same #
oy |G om P B L
STAR Star number
CNGC* CNGC number
GROUP 3 DEFINITION RANGE
TIRION Obiject is in the I]E]_QN_S_K}(_A]].AS_ZQQQ
AZ The telescope’s azimuth (oo " M) OOD =010 380 degrees, MM = 0
OBJ + AZ | The object’s azimuth (DDD° M) ODD = 010 360 degross, MM = 0
DEC The telescope’s declination (DDPMA) DO° = 0 0 90 (1) dogrees, and MY
GROUP 4 DEFINITION RANGE
S-CAT2 Object is in the Mmmo-
YEAR GMT year 5&“3‘{5’5’;}3‘."“”3‘ WOJJS t102 %. mioo -
EPOCH Not used
# IN Number of CNGC objects in the field

* If both the CNGC and M are iluminated, the CNGC object displayed is also in the M catalog. The CNGC
and M numbers will be alternately displayed while CNGC or M tiashes.
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D. Object Type Display Group

]’hese OBJECT TYPE legends are shared with the soft-keypad, except they FLASH 10 indicate they are not
intended as soft-key functions, but refer 1o the type of the CNGC, STAR, M or PLANet object.

©[5568868 ©
MAG  auT — L] GOOD TAR FOOR VRQOR
LoNG  TIMER AR eOHR TREPR BETTH
oM oFF D  PEY BACK  OFT
BEEP  PLAM L] $ ARORE
RATED  WOC
MONTH DAY L=
LI‘: :Tn; DEC LR ] _/ l‘.:ﬂn TS
Group 1
k o000606E o
GROUP t DEFINITION ‘
STAR Star J
GAL Galaxy J
PNEB Planetary Nebula (Or filamertary or SN remnants}
DNEB Diftuse Nebula (Emmission/Retlection)
GLOB Globular Star Cluster
OPEN Open Star Cluster

In addition 1o the above legends, special combinations are used to describe the following object types.

LEGENDS DEFINITION

DNEB GAL Diffuse Nebula in an external galaxy

DNEB OPEN | Diffuse Nebula & Open Cluster

MULT! GAL Multiple galaxy

MULTI STAR | Doubls or Triple star

GLOB GAL Globular Cluster inan axternal galaxy J

OPEN GAL Open Star Cluster in an extarnal galaxy

External galaxies are large, nearby galaxies that contain deep-sky objects large enough lo.qualiiy for the
CNGC. This includes the Large and Small Magellanic Clouds and a few of the nearest galaxies.
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E. Object Quality Display Group

These OBJECT QUALITY legends are shared with the soft-keypad, except they FLASH to indicate they are
not soft-key assignments, but reter lo the quality of the CNGC or M object. Their meanings are as foliows:

A\
__J/

Soup 1 ©5HEGERS

P oo

§s ik

4111

poncEzon]

131

sd:l

285- ] - ¥38

gaeo | JIJ-5E8
- I <388
gia- ] -288
sid- L) 285
HEH R

o PRI o

MATED  WOC TWRION S-CAT2
MONTM DAY A YEAR
W STaR Oof  BROCH
GG e fm

05856588

.

N

The soht-key pad employs a plurality of OBJECT QUALITY legands that flash in order to indicate that
they are not soft-key assignments and refer to the quality of the CNGC or M object. Specifically, the
CAT uses 7 mnemonics for quality: SUPER, EXCEL, V GOOD, GOOD, FAIR, POOR AND V POOR
which respectively refer to the qualities, superb, excelient, very good, good, tair, poor, and very poot.
A dump category called “cant compute™ is also employed in the CAT. Finally, each ons of these
quality categonies is referred to by a respectivea CNGC system listing letter, wherein a capital or a
fower case letter: a refers 1o superd, b for excellent, ¢ for very good, d for good, e for fair, f for
poor, g tor very poor and 0 for can't compute.

* A listing of the CNGC is available for the CAT. It contains all the information in the CAT plus
alternate names and more complele data. See your Meade dealer for more information.
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The following guide was used in the visual rating process:

SUPER Very bright, large, with interesting detail or structure ¥ applicable
EXCEL Bright, fairly farge, some interesting detail or structure if applicable
vV GOQD Very easy 1o see, some delail or structure if applicable
GOQD Fairly bright without averted vision, a little detail or structure
FAIR Easily visible without averted vision, no detail or structure
POOR Not hard to see with averted vision and visible without averted vision
V POOR A struggle to see, even with careful use of averted vision

Objects falling near the border of two ratings were given the bette
noted (large size, interesting shape or structure, visually interesting fieid). The poorer rating was given i

interesting features were lacking. See Appendix C for a more detalled description of the rating system.

After you have become familiar with the rating system, let Meade know i you find quality ratings,
magnitudes, sizes, or coordinates that you think are incorrect. We will recbserve the objects and make
changes if appropriale. Be sure to remember that the rating guide is based on gbservations wih a 14"

telescope in excellent observing conditions.

It you have a smaller telescope, these visual quality ratings are just as usshl. In§ 1o 10" scopes, for
example, objects will usually appear 1 or 2 ratings lower, but the ratings will stil be faily consistent. You

will soon learn what to expect from each rating with your telescope and sky conditions.

¢ rating when interesting faatures were
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F. The RED CROSS
The RED CROSS is a pointing guide composed of four ERRO

graphic dsplay of the direction anddistametoaskyobiaclselectedbv
dhisplay of the cutrent pointing emor of your telescope.

R BARS, each with 1en red elements. Itis a
you or your CAT In effect, itis a

The direction to an object is specified by which legs of the RED CROSS are illuminatqd. Thq legs of the
RED CROSS specily the astronomical or rotational pointing error. If the right 189 is luminated, your
scope is pointing 00 far to the west.. move Nt sastward in RA ta center the object. | the top leg is
Wuminated, your Scope is pointing too far to the north... move i southward in DEC to center the object.

Using the RED CROSS is as simple as this: To center an object, just move your Scope toward the cenler
of the RED CROSS. That's eastward and southward in the example above.

The distance to the object on each axis is specified by the number of elements illuminated. As you move
your scope lowards the object. the number of illuminated elements decreases from 10169t08.. 10211
to 0. When you extinguish all elements on both axes, the “Bulls-Eye" in the center illuminates and you
have centered the object.

The number of elements illuminated is not a linear function of the size of the pointing error. Far fromn it!
The RED CROSS gets more sensitive tha closer you are to the object. Each slement represents twice the
pointing error of the slement nearer the center. The 1st element illuminates when the pointing error is one
dhisplay unit, which is .5m in RA and 3' in DEC. The 2nd element iluminates at 1.0m or &', the 3rd at 2.0m
or 12,
|

sic.
you are lrying to certer an object, but the RED CROSS changes instanlly from one leg completely
#Muminated 0 the opposile leg completely ifiuminated, you are 180° away from the object. At this point the
direction of the shortest route to the objact changes, hence the instant reversal of the RED CROSS.

Pointing too far North

9% | NS Pointing Error due
24 | 1o each element

-

Pointing too far South

Fig. 10: Red Cross
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VWhen you first 1ry the RED CROSS, you will notice that the CAT has much higher resoltion than
conventional setting circles. As you get close to an object, the RED CROSS gets really sensitive! Il is 60
gensitive, in fact, that you may find it difficull to extinguish all the elements! Don1 lat that worry you ...

First, there’s no need 1o exaclly center objects 1f you are using a low power, wide field eyepiece as
recommanded (32mm 10 40mm 1), then your fieid will be at least 30 in diameter A 4'to 7' pointing error (3
RED CROSS slements) will not throw objects out of the field.

Second, pointing errors will be introduced by impertect polar alignment and non-perpendicularity of the
telescope axes (RA / DEC / OPTiCAL}), et¢c. Due to these pointing errors, you should always usé low
power eyepieces 1o locate objecis. Since the fields of hgher power eyepieces are correspondingly smaller,
these pointing errors will cause objects to fall outside the fiald of view al some power, even when the RED
CROSS says the objact is pertecily centered

Third, once you have roughly centered an object (less than 3 RED CROSS elements), you can use the
slow motion controls on your scope lo accurately cenler i - that's what they're tort On the LX6, the RA
clamp lever should only be partially locked so the RA slow motion knob works smoothly.

it Is much easier to zero the RED CROSS one axis al a time Unclamp the RA lever, move the scope
towards the center of the RED CROSS untit only a few elements are ilurminated, ightly clamp RA, and zero
the RED CROSS with the slow motion knob (+/- 1 or 2 elements). Then unclamp DEC, move the scope
towards the center of the RED CROSS until only a few elements are iluminated, clamp DEC, and zero the
RED CROSS with the DEC slow motion knob.
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CHAPTER 7 - "CAT" COMMANDS

A. Command Notation

The following notations are used to define variables and data :

(Parentheses) - Used to anclose comments or actions that the CAT can take.

o - Used to represent a decimal point.
+ - Used 1o separate keyboard strokes and/or actions.
# - Used to specify a number that you should enter into the CAT.

[Square brackets] - Used to enclose optional steps.

The command summary for START contains most of these notations, so it is shown below as an example.

ENTER + # (GMT DATE as MM.DD YY) +
ENTER + # (LONG as DDD°MM") +

ENTER + # (LAT as DDMM) +

ENTER + {Move scope past HA & DEC index marks) +
ENTER + (Move scope to extinguish the RED CROSS)

{Center Pole Star using ALT & AZ adjustments [on wedge]) +
ENTER + (Find STAR with RED CROSS, then center in field) +
ENTER
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B. Command Summary

The following chant explains the 14 basic key commands that the CAT uses. A detailed explanation of each
command is given later in this chapter.

1 )
©H5E868E8 ©
oo MEEF L] -y BPER DICE ¥GO00 G000 FMl  POOR VROGR
MAG GMT O A BFFTR  FANTR LAROR SALA FeaHM TRIER gFTTR
Command Buttons-———-_.&i@ bl OB 8T e FD ROV MO e
—
i) ] Ll2]=]s )]sl 7]
£l I I
RATED  NGC TIFRON S-CAT2 ' 3 2 1 9 ABOSTY
mnmv@ a2 YEM CHGC W STAR FELD START NEXT EXTER
LAY  STAR O EPOCH WAT O} COGAD MIAr Tusf WTE HA
] CNGC PEC LR} ATAR oM PwES omek GLOB OREN TYFER
L Yatatattatats] ©
\ J
Command
Button # Command Button Function
#1 DISP: Display information in CAT internal memory.
#2 SET: Input data or limits for the SITE, TIMER, BRITR, HIGHR, etc. commands.
#3  SYNC: Sync on the position of the telescope with the coordinates displayed by the CAT.
#4  FIND: Find objects in the CNGC that satisty criteria that you have specitied. Object data is
displayed and the RED CROSS will help you locate them. Pressing the NEXT key
tells the CAT to find the next one.
#5  REV: Reverse the direction of the timer or current N/S search direction of the FIND command.
#  TIMER: Turn limer ON or OFF.
#7  OPT : The OPTION command is used 1o select optional operating modes and to permit
axtensions to the capahilities of the CAT.
#8  CNGC: Display data about a CNGC object and lead the way to it with the RED CROSS.
#9  M: Display data about an M object and lead the way to it with the RED CROSS.
#10 STAR: Display data about a STAR or Planst and lead the way to it with the RED CROSS.
#11  FIELD: Display information on deep-sky objects within the field of view (determined by the SET
commangd), if any. Default field radius = 15'.
#12 START: START the observing session by entering data needed to initlalize the CAT and polar
aligning the telescope.
#13  NEXT: Find the NEXT object (pick up where the last FIND left off).
#14

ABORT: Stop current CAT function, i any. The telescope position coordinates are displayed
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C. ABORT COMMAND

When you press ABORT, the CAT exits out of any of the foll
of the lelescope. I you want 1o display the last displaysd ob

owing commands and displays the coordinates
ject akter you ABORT, press DISP + OBJ +

o8y
D. DISP COMMAND S oo s, ot e
P BET  BYNC FIND R-:V mAgg'HT

] . 7 )

The purpose of the DISP command Is to display the
information available in the CAT. [_3_| [4]Il5. _B_J E
[E1o) o el 2

the foilow_ing commands will display the current value for
4

each function. Vo AponT
CNGC M STAR AELD BTART HEXT ENTER

MATI OBJ COCRDALTAZ TIME BITE  HA

STAR GAL PNEG DNER GLOB OPEN TYPES

Button Sequence Buiton Labels _Buiton Action
#1+ 4 DISP + TIMER Display the current value of the TIMER
L AR 1 F DISP + TIME Display the current GMT TIME and DATE
#71+43 DISP + SITE Dispiay the LONG & LAT of your observing site

When you display the coordinates (COORDS) or hour angle (HA) of your telescope or an object, the display
i continously updaled. Altitude and azimuih, on the other hand, are computed each time they are
requested, so they are valid for only a minute or two after you display them. The accuracy of ALT & AZ
depends upon the part ot the sky the telescope is pointed at (or the object occupies). ALT & AZ are almost
aways accurate to better than 15", and oftento 1'to 3",

Note that HA is displayed in the same format as RA (00h to 24h). In many scurces, HA is given in a
difterent format, namely -12 hours 1o +12 hours. 00 hours through +12 hours are identical in both systems.
To convert HAs > 12h from CAT format to the alternate format, subtract 24h from the HA value given by the
CAT. For example, HA = 22h in CAT format is the same as -02h in the alternate format (22h - 24h). To
convert negative HAs from the altarnate format to CAT format, add 24h to the alternate HA. For example,

HA = -04h in the alternale format is the same as 20h in CAT format.

Buiton Sequence Button Labels Butfon Action
#1 + #10 DISP + COORD Display RA and DEC of the telescope
M+ 811 DISP + ALTAZ Display ALT and AZ of the telescope
#1 + 414 DISP + HA Display HA and DEC of the telescope
e84+ 85 DISP + OBJ + OBJ Display characteristics of the object
1 +89 + #10 DISP + 08J + COORD Display RA and DEC of the object
#+49+011 DISP + OBJ + ALTAZ Display ALT and AZ of the object
M +89s 814 DISP + OBJ + HA Display HA and DEC of the object
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BUPER | XCEi. VOOO0 GOOD FAM  POGA vROOR

BAITR ranra LARGH SMAL RHIGHA TIER BETTA

DISP  BET BYNC FND  REV  BACK OPY
? [ ] !’ [ 8 ABORY

——y

llz"é’?]s 8l[7
8li(8]i[1o)fi 111213} 14

4 ) 2 t 0
CNGC M STAR FELD START MEXT ENTER
MULTI ORJ COORDALTAZ TMME SITE HA
SIAR GAL PNED DNEB GLOB OPEN TYPES

The following commands display the specified limit used in the FIND command. See the FIND command for
a detailed description of these limits.

Button Sequence Butfon Labela Button Action
#M e DISP + BRITR Display the BRITER THAN limit for FIND
#1 4 ¥2 DISP + FAINTR Display the FAINTER THAN limit tor FIND
#1 + 43 DISP + LARGR Display the LARGER THAN limit for FIND
#1444 DISP + SMALR Display the SMALLER THAN limit for FIND
#1 4+ 45 DISP + HIGHR Display the HIGHER THAN limit for FIND
#1 5 47 DISP + BETTR Display the BETTER THAN limit for FIND




E. FIELD COMMAND

The purposa aof the FIELD command is 1o kientify objects in the ilald of view of the telescope.

When you power-up your CAT, the radius of the field Is set to 15' automatically. When the FIELD kyy is
tiest pushed. the CAT will display the information on the object nearast the center of the flald. if mare than
one object is in the field of view, the CAT will show the number of objects In the field; if no object is in the
field. no data is displayed (the display is blanked). As the telescope Is moved and other objects come
nearer to the certer of the field, the CAT will display the information for the naw objact.

To change the size of the tield, use SET + FIELD.

H you want to find the object specified on the displays, push FIND. This nulliies the FIELD command, and
the RED CROSS will help you find the object without “fielding" other objects along the way. When you are
ready to resuma the FIELD command, just press FIELD again.

FIELD is also useful for casual scanning for interesting objects. Set the field radius to a large value - say
120" to 180", the radius of a typical finderscope field. Then, as you slowly move your scope, FIELD will
"capture” many objects. By walching the display ot object type, brightness, size, and visual quality, you can
“preview" a vast number of abjects in a shon time, centering and observing any that look interesting.
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F. FIND COMMAND

The pumpose of tha FIND command is o selactively ocate CNGC objects from the CAT's internal memory,

bused on the limits you determine by the SET command

The following limits are used by the FIND cormmand search pattern

(/_'.“..._-_, T T T T AT L T e T L LIS D T T :_%\
oo 1 ©gB86688 o
oup ¥ [ L] wi WOTR (X6, VD GO0 FAsR  BOUR WOOR
LomG  TWErA a4 L] PATR PAST LARON SRt reoME TRMER SETTR
N oFF L% (4 iV - oW drel e AEY  has  OPY
MIF M "1 ] ] 7 [} ] apoor |
..:‘T,.::': ::-_"!‘r*‘:_:'i‘{*’.:'f‘.'T*‘_ﬂ'
AT CILAL [JTL:ALJ,ILJ
H = o i | (e ol
I
MTEC  hOC 0N § CaTE £ ] ] ' L] AR
MONTH DAY Ar TEAM [ [ ] stah s p stam? wlsry ENTER
AT ATAR [e THEN -7 Al Gl COOMD mTAF fal BT “
Groupz - o) TRC L] Ak _ QA Ml DS SOF oreR T
oobobooo o
\ ey
GROUP 1 DEFINITION
BRITR The FIND command search includes oblects that are brighter than the Imit selected
with the SET BRITR command. BRITR can range from 19.9 to 0.0, or ALL objects.
FAINTR The FIND command search includes objects that are faimer than the Im# selected
with the SET FAINTR command. FAINTR can range from 19.9 to 0.0, or ALL obiscts.
LARGR The FIND command search includes objects that are larger than tho' limit selected with
the SET LARGR command. LARGR can range from 1° 10 199", or ALL objects.
SMALR The FIND command search includes objects thal are smalier than the limit selected
with the SET SMALR command. SMALR can range from 1' 10 199°, or ALL objects.
HIGHR The FIND command search includes objects that are highgr than tha limit selected
with the SET HIGHR command. HIGHR can range from 0° to 89°, or ALL objects.
BETTR The FIND command search includes objects that are better than the limil selected with
the SET BETTRA command. BETTR can range from VPOOR 1o SUPER, or ALL
GROUP 2 DEFINITION
GAL Galaxy
PNEB Planetary Nebula (Or filamentary or SN remnarts)
DNEB Difuse Nebuta (Emmission/Retlection)
GLOB Globular Star Cluster
OPEN Open Star Cluster
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When you power-up your CAT, these limits are automatically set to:

Ll START STARTING QUALIFICATION
OBJECT TYPES ALL All objects quality
BRITER THAN ALL All objects quality
FAINTER THAN ALL Al objects quality
LARGER THAN ALL All objects quality
SMALLER THAN ALL All objects gqualify
HIGHER THAN o° All objects above the horizon qualify
BETTER THAN ALL All objects quality

These limits remain unchanged until you change them with SET. If you are having trouble making
FIND work as you want, make sure all of these criteria are set properly. Remember that a
lower magnitude is brighter.

Often there is ne need to set the BRITR, FAINTR, LARGR or SMALR limits. The BETTR limit
takes the brightness and size of the object into account, so unless you have a particular reason fo
restrict object selection with one of the other limits, it will often be unnecessary.

The command sequences thal start with FIND are:

FIND + START FIND objects starting at the northern mast CNGC in scope coords strip
FIND + NEXT FIND the next object (in FIND sequence - to be dascribed)

FIND + ENTER FIND objects starting near current scope coords

FIND + OBJ FIND objects starting at most recent CNGC object

FIND + BACK FIND backwards one object {previous object)

FIND + REV Reverse N/S direction of the FIND command

You can ABORT a FIND command, execute other commands, then pick up FIND whare It left off.
You may want to change some of the FIND limits, for example. To escape and reenter FIND:

1. Press ABORT lo get out of the FIND command.

2. Use SET to change the desired FIND lirils or typaes, and/or execute as many other commands as
you wish.

3. Press NEXT {o continue the FIND command where it lefi off.
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Using FIND - Examples
st the sky has to offer (just

If you want to get someone interested in astronomy, of you'd iike to see the be :
one more time), there’s no better way than to use the FIND command. Assume you haven't SET any of

the FIND limits, 5o they're all in their default (power-up) states.

Tell the CAT you want to see only objects thatl are YGOOD or better - by ’prefsslng SET + BETTR +
VGOOD. Then FIND + START. What could be easier? The CAT will dispiay the identity apd
characleristics of each object and lead you 10 it with the RED CROSS. Just press NEXT when youre

ready for the next object. In hall-an-hour you can see them all!

To summarize in an easier to read form:

The CAT will take you on a guided tour of the objects you've asked 1o see, in a sequence computed to
minimize the distance between consecutive objects. it might start like this...

SET + OBJ + (Object Types until only PNEB is selecled (flashing))

SET + BETTR + FAIR

SET + HIGHR + # (30°) + ENTER

FIND + START

The CAT displays the identity of the object (CNGC 651), its type (PNEB), its magnitude (32.2), its size
(4.8), its visual quality (VGOOD), and more. The RED CROSS guides you 10 it in a few seconds. When
you're ready for the next planetary nebula, just press NEXT. What could be easier? No chars, no long
waits, no preparation, no flashlights, no frustrating hunting, no wondering whether you have the right object.
Just rapid fire fun.
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The FIND command uses an organized search pattern to find objects in the CNGC that satisfy the FIND
limits and type restrictions.

The GAT organizes the CNGC info 31 strips of 256 objects (excapt the final sirip) as shown below:

STRIP 1 CNGC 0000 - CNGC 0255 STRIP17 | CNGC 4096 - CNGC 4351
STRIP 2 CNGC 0256 - CNGC 0511 STRIP 18 | CNGC 4352 - CNGC 4607
STRIP 3 CNGC 0512 - CNGC 0767 STRIP13 | CNGC 4606 - CNGC 4863
STRIP 4 CNGC 0768 - CNGC 1023 STRIP20 | CNGC 4864 - CNGC 5119
STRIP 5 CNGC 1024 - CNGC 1279 STRIP21 | CNGC 5120 - CNGC 5375
STRIP 6 CNGC 1280 - CNGC 1535 STRIP22 | CNGC 5376 - CNGC 5631

STRIP 7 CNGC 1536 - CNGC 1791 STRIP23 | CNGC 5632 - CNGC 5887

STRIP 8 CNGC 1792 - CNGC 2047 STRIP24 | CNGC 5888 - CNGC 6143
STRIP 9 CNGC 2048 - CNGC 2303 STRIP25 | CNGC 6144 - CNGC 6399
STRIP10 | CNGC 2304 - CNGC 2558 STRIP26 | CNGC 6400 - CNGC 6655
STRIP11 | CNGC 2560 - CNGC 2815 STRIP27 | CNGC 6656 - CNGC 6811

STRIP12 | CNGC 2816 - CNGC 3071 STRIP28 | CNGC 6912 - CNGC 7167
STRIP13 | CNGC 3072 - CNGC 3327 STRIP29 | CNGC 7168 - CNGC 7423
STRIP 14 | CNGC 3328 - CNGC 3563 STRIP30 | CNGC 7424 - CNGC 7679
STRIP15 | CNGC 3584 - CNGC 3839 STRIP32 | CNGC 7680 - CNGC 7840
STRIP16 | CNGC 3840 - CNGC 4085

Each strip is about 12° wide in RA, extending from the north celestial pole to the south celestial pole; see
igure 12.

When you execute FIND + START, the CAT computes the section of sky that the telescope is currently
pointing at. It then picks the northern-most CNGC object that satisflies the search paramelers, and the
object's characleristics are displayed and the RED CROSS guides you to t. When you press NEXT, FiND
gelects the next northern-most CNGC object in the search pattern, and directs you to & using the RED

CROSS. So, the telescope Is always moving a littie south of the previous object, and typically a few
degrees away in RA.

When the southern-most cobject within the current strip of sky has been observed, FIND repeals the same
process in the next strip {to the east) except In a south-to-north direction.

Flgure 11 Hluslr:ates how the FIND command progresses through a small area of the sky. In this example,
the Visual Quality is set to VGOOD or better - objects bstter than VGOOD are shown solid. Figure 12 on
the next page shows all the CNGC objects In the sky. The small rectangle oullines the area shown in

Figure 11. RA = 00 hours Is along the right edge, RA = 12 hours Is at the canter, RA = 24 hours « (0
hours i8 along the ieft edga. b ont ed

G. NEXT COMMAND B

The NEXT aommand selects the nest sbieat which siisfies the parameters detarmined e SE
commnd.lndﬂphysmdmm\ Ty tho ‘ W he tEI

Loy , Lo



The Whole Sky Catalog (CNGC)

Fig. 12



H. OBECT CATALOGS

1. CNGC COMMAND
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CNGC + # (1 thru 7840) + ENTER

Describe/Locate CNGC # xxxx

CNGC + NEXT

Describe/Locate CNGC # + 1

CNGC + BACK

Describe/Locate CNGC ¥ - 1

CNGC + ENTER

Describe/Locate CNGC # last described

2. STAR COMMAND

STAR + # (1 thu 351} + ENTER

DescribeLocate STAR # xxx

STAR + NEXT

Describelocate STAR # + 1

STAR + BACK

Describelocate STAR # - 1

STAR + ENTER

Describe/Locate STAR # last described

3. M COMMAND
M + #(1thru 110) + ENTER Describe/Locate M # xxx
M + NEXT Describe/locate M # + 1
M + BACK Describe/locate M # - 1
M + ENTER

Describe/Locate M # last described

The NEXT and BACK versions of these commands help you laok through the catalogs in numeric

order (M1, M2, M3... elc). The ENTER version let you look again at the last descrived CNGC,
STAR, or M object.

The CNGC, STAR, and M commands are used to display the data for any CNGC, STAR, or M object. The
STAR command is also used to display planetary information. The RED CROSS pointing guide will guide
you 1o the object. if the object is below the HIGHR fimit (alitude above the horizan), the LOW legend will
flash. i the object is below the horizon (0° attitude), the ALT and LOW legends will bath tlash.

It you execute a CNGC command that displays daté for a CNGC object that
CNGC and M will be lluminated. The object's CNGC and M numbers will be
corresponding CNGC or M legend Is flashed.

is also in the M catalog, bath
attemately displayed while the
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Some exxrpies of these commands will liustrate ther US@. Assume the iast few commands you executed

were
( cneC | 4658 | ENTER | Data & RED CROSS for CNGC 4656
san | 7t | ENTER | Data8 REDCROSS lor STARTS
| '
"] z 82 | ENTER | Data & RED CROSS for M 82
DISP oBJ \ ALTAZ | ANitude & Azimuth of M 82

Here's what you'll get # you execute the following sequence of commands:

STAR \ BACK ‘ ‘ Data & RED CROS$S for STAR 77
CNGC \ NEXT \ \ Data & RED CROSS for CNGC 4657
F M \ BACK \ \ Data & RED CROSS for M 81
CNGC \ ENTER \ \ Data & RED CROSS for CNGC 4657
) \ NEXT \ \ Data & RED CROSS for M 82
M \ NEXT \ \ Data & RED CROSS for M 83
M NEXT \ \ Data & RED CROSS for M 84
CNGC BACK \ \ Data & RED CROSS for CNGC 4656
CNGC BACK \ \ Data & RED CROSS for CNGC 4855
4, Planets

To locate a planet, add 900 to the planet's orbital postion and enter that number as a STAR. For example,
10 locate each planet:

PLANET STAR # KEYS
MERCURY 801 STAR + 901+ ENTER
VENUS 902 STAR + 902+ ENTER
MARS 904 STAR + 904+ ENTER
JUPITER 905 STAR + 905+ ENTER
SATURN 908 STAR + 906+ ENTER
URANUS 907 STAR + 907+ ENTER
NEPTUNE 808 STAR + 908+ ENTER
PLUTO 909 STAR + 909+ ENTER

It aftar entering the planets number, you get a long tone and no RED CROSS Is displayed, it is because
the planat is too close to the Sun. Planetary positions will not be displayed If they are within 15° of the

Sun.
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When you execute CNGC. STAR, or M, the following is disptayed

CNGC, M, STAR Obiject Catalog
1 to 7840 Object Number
GAL, DNEB, OPEN, efc... Object Type
.5.410 19.9 Object Magnitude
1" to0 5.9° Obiject Size
SUPER, EXCEL, etc... Object Quality
S-CAT2 Objectis in Sky. Catalog 2000.0
TIRION \ Obiect is in Sky Allas 2000 by Tiron
NGC ‘ Obiect is also in the RNGC (with same #)
RATED Object rated by visual observation
RED CROSS Direction & distance !0 the obiect

When a CNGC obiject that is also an M object is displayed, CNGC
saconds, the CAT alternates between displaying the CNGC and M
CNGC number, the CNGC legend {lashe

If LOW illuminates or flashes, the objact is lower
flash, then the object is also below the harizon.

s. While the M number is disp!

than the H!
In either case, the RE

object if you want - to see how long before it rises, for example.

The HIGHR limit is a value that you can set (with the SET
spec‘rfg your “programmable horizon". Fi
to 25° abave the horizon, you should s
information is displayed for any object th
description of the HIGHR limit appears in

Iy

at is not HIGHER THAN
the FIND command section.

and M are both iluminated. Every two
numbers. While the CAT displa
layed, the M legend flashes.

GHR Gmit. 1f both ALT and LOW iilluminate or
D CROSS will still guide you fo the

command) to any value between 0° and 8g° to
have trees or haze that extend from the horizon
. Then the LOW legend will flash when object
259 ahove the horizon. A more complete
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|. OPTION COMMAND
The purpose of the OPT comma

Optlon Bits

There are 8 option bytes, numbered 0 to 7. Each option byle €

option bit is represented by @ two digit number - the most sign
signiticant digit is the option bit. The range of
77. Al oplion bits are sel to 0 when power is applied to the CAT.

To turn any of the option bits ON or OFF, execule OPT as follows:

nd is to select speclal teatures of function

ontains 8 bits, also numbered
fficant digit
option bits is thus represente

s in the CAT.

010 7. Each
is the option byte and the least
d as 00 1o 07, 10t0 17, ...

=+

OPT + #(Option Byte #) + #(Option Bit¥ ) +

#(0or)

For example, f you w

OPT + 43 + {*=" displayed by CAT) + 1.

this varsion of the CAT User's Manuat went to print, the to

ant to el bit 3 in option byte 4, you press these keys:

liowing OPTION commands had been

At the time

implemented (YES) ot not yet implemented (NO):

n __OPT BIT ) 9ESCH|PTION \ BiT=0 BIT=1 DONE
OPT 00 1 RA courting direction \V Normal Reverse YES
OPT 01 ﬂ_,m-v._,._ﬂgg counting direction Normal Reverse YES
OPT 02 Lﬂi RED CRO§$ direction Normal Asverse YES
OPTO3 | _DEC_RED CROSS direction Normal | Reverse YES |
OPT 05 1. 559_ CROSS style Normat Binary YES
OPT 06 Pole Star in START Norma! Skip it YES
OPT 10 e Log OFF oN YES

* Tha CAT-COM RS-232 option must have been installed in yo
of this capability

ur CAT for you 1o be able to {ake advantage
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"Secrel” Options”

There are a couple commands that are used for testing, but may occasionally be useful o observers.
These are OPT + o and OPT +-.

Pressing OPT + o tells the CAT to illumninate all displays and jagends. This is used in product testing, bt
is also useful for playing with your CAT as you read this manual, gince you can see ALL the legends at
once. Also, with all the displays fit, the CAT puts out enough light to make a page of 2 pook readable il
held nearby.  Any keystroke will cancel this condition and return the CAT to the M

"ready-tor—command" state.
Pressing OPT + - does exactly the opposite. 1t turns off all the displays and indicators {except the lowse?
ABORT legend). It the ayepiece Is close 10 the display of the CAT, and you are observing a very faint

object, you may find that extinguishing the displays helps just enough 10 make a dilference. Any keystroke
witl cancel this condition and return the CAT t0 the normal "ready-for-command" state.

Last, pressing OPT + ENTER + o will disptay the CAT serial number.
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J. REV COMMAND

The purpose of the REV Command is to {a)- reverse the timer counting direction and (b)- reverse the
search pattern direction and (c)- undo the SYNC command.

REV + SYNC Reverse the previous SYNC
REV + TIMER Reverse the counting direction of the TIMER
REV + FIND Reverse the N/S search direction of the FIND

Whenever SYNC is pressed, the coordinates of the telescope are saved belore being set to the
coordinates of the object. A REV + SYNC resets the lelescope coordinates 1o the saved value. [n
affect, i reverses the effect of tha SYNC. This is usetul only if the telescope has not been moved
since the SYNC.

The counting direction of the timer
TIMER. The timer does not have t

is toggled back and forth between UP and DOWN by REV +
When the CAT is powered up, the ti

o be displayed or running for REV + TIMER or TIMER 10 work.
mer is set to zerg, is not counting, and is set to count UP.
The N/S direction in which the FIND

command is cumrently progressing is reversed by REV + FiND.
1 t was progressing from north to south, it will begin progressing from south to north. . and vice
versa.




K. SET COMMAND
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SUPER EXCEL YGOOD GOOD FAIR  POQR VPOOR
BRITA FANTR LARGR SMALAHIGHR TMER BETTR

The purpose of the SET command is to set or
initialize different functions of the CAT.

DISP SET SYNC FIND REV BACK OFT
9 .3 7 6 5 ABORT

1 gz 3[4}/ 5]| 6/ 7
The following execution sequences show how to set g
these internal functions: gslfo 10' 11)i112li113il 1
4 3 2 1 0 . ABOAT
CNGC M STAR FIELD START NEXT ENTER
MULTT OB COORDALTAZ TIME SITE HA

STAR GAL PNEB DNEB GLOB OPEN TYPES

Button Sequence Button Labels Button Action
2+46+#+14 SET+TIMER+¥#+ENTER Set TIMER
2124441448414 SET+TIME+#+ENTER+#+ENTER Set GMT
2+413+#+144#+15 SET+SITE+#+ENTER+#+ENTER Set LONG & LAT
#2+114 #414 SET+FIELD+#+ENTER Set FIELD radius

The TIMER is in HH:MM:SS.S format -
TIMER command. See the TIMER com

The TIME portion of GMT is in HH:MM:SS.S format. The
on the CAT displays when you execute SET + TIME.

The LAT (latitude) portion of SITE is in -DD°MM’ format,

field, not the diameter! See the boxed equatio
telescope combination. The default fisld radius
mare Information about the FIELD variable.

The FIELD radius is in MMM' format (arc-minutes). Remember that
ns below to find the field of view w
{upon power-up) is 15".

as shown on the CAT displays when you execute the SET +
mand for a description of how to use the internal timer.

DATE is in MM:DD'YY format - as shown

The LONG (longitude) portion of SITE is in DDD°MM' format.

you are setting the radius of the
ith any eyapiece /
See the FIELD command for

Computing Magnification and Eyepiece Field

MAG = FLs / FLe
TFe = AFe / MAG
FRe = TFa/2

MAG = Magnification

FLs = Focal Length of Scope
FLe = Focal Length of Eyepiece in same units as FLs
TFe = True Field diameter of E
AFs = Apparent Field dlamster

of Eysplace {iro
FRe « Flald Radiue {or FIELD command e, o Mi0)

command (default = 15)

yepiece - Telescope Combination




SUPEREXCEL VGOOD GOCO faR POOR VPOOR
AAITA FARTR LARGR SMALR HIGHRA TIMER BE TR
DISP SET SYNC FIND REV BACK OFI

9 8 7 [} 4 ABORT

1@ 3[4l 5]6ll7
BRI R EELE

The following command sequences show how 10 P 2 2 p 0 ABORT
sat position functions: CNGC M STAR FEELD START NEXT ENTER
MULTI OBJ COORDALTAZ TIME SITE  HA

STAR GAL PNEB ONEB GLOB OPEN TYPES

Bulton Sequence Pution Labels
2410+#+14+¥4+14 SET + COORD + #(RA) + ENTER + #(DEC) + ENTER
2410413 SET 4+ COORD + o

249410+8+14+8#+14 SET + OBJ + COORDS + #(RA) + ENTER + #{(DEC) + ENTEH

RA is given in HH MM.M format
DEC is given in -DD°MM' format

The first command shown above is used to set the CAT coardinates to the telescope’s field of view.
This is used if the abject in the center of the field is not in the CAT's internal memory. If the object is
in any of the internal object catalogs, it is easier 1o execute CNGC + # + SYNC, or STAR + # +
SYNC, or M + # + SYNC than to execute this SET + COORD command.

SET + COORD + o sets the telescope coordinates to HA = 00h and DEC = +90°.

The third command sequence shown above is used 1o find objects that are not In the intemal CNGC,
STAR, or M Catalogs. This is most useful for finding moving objects such as asteroids and comets.
When you have completed the command sequence, the RED CROSS pointing guide will lead you to
the object in the same way as objects from the internal catalegs.

Occasionally you may want to observe objects that are not in any of the CAT's internal catalogs.
Asteroids and comets move in the sky and therefore could not be assigned lixed coordinates in an
imemal CAT catalog. When you want to find an object that is not in one of the CAT's intemal
catalogs, you can DISP + COORDS and move your scope until the RA and DEC displays match the
current object position. Or, you can have the RED CROSS guide you the object by setting the
objects coordinates with the SET + OBJ + COORDS command sequence shown above.
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SUPTHEKLEL G000 GOOD FAR - POOR YROOR

BRITH fam-@ [AbH SMALR HYR TRER BETTR

aP  SET STNG FIND  REY  BALK oPT
¥ ) H [ 5 ABGRT

e 3)4]5)6)7

The tollowing commands show how 1o sel the E !
object type limits tor the FIND command 8i 1011 1g 1§1 14

4 3 2 H [} ABORT
M STAR FIELD START NEXT ENTER
MAT OB} COORDALTAZ TaaE SMTE HA

STAR GAL PMEB OMER GLOB OFEN TYPES

_Button Sequence Button Labels _Button Action
249414 SET + OBJ + TYPES Set OBJECT TYPES for FIND
241448 SET + BRITR + # (Mag) Set BRITER THAN imd for FIND
24248 SET + FAINTR + #(Mag) Set FAINTER THAN limit for FIND
2434¥ SET + LARGR + #(Size) Set LARGR THAN Gmit for FIND
2+44% SET + SMALR + #(Size) Set SMALLER THAN kmi for FIND
24+5+# SET + HIGHR + #(Al)  Set HIGHER THAN fimdt for FIND
2+7+# SET + BETTR + (Quality) Set BETTER THAN lmd for FIND
2+4+# SET + CNGC + # Set starting "CNGC # for FIND

Object types are GAL, DNEB, PNEB, GLOB, OPEN. To select object types for the FIND command,
press the appropriate soft-keys 10 flash (select) or unflash (deselect) the desired types. Each time
you press a particular object type soft-key, 1t loggles between the selected (flashing) and deselected
(unifashing) state. You can select any combination of these objects, including none and all. H you
select none (none flashing), then only “Non-Existent” objects will be quaified by the FIND command.
To select ALL of the above types plus "Non-Existent” objects, press SET + OBJ + TYPES + - A
flashing ™" indicates this state.

Object qualities are SUPER, EXCEL, V GOOD, GOOD, FAIR, POOR, V POOR. What you pregs
the soft-keys assigned to one of these qualities, that quality and all better qualities are selected. SET
+ BETTR + o selects objects of ALL qualities, including those with no assigned quaities.

Magnitudes range from 0.0 (very bright) to 19.9 (very faint). Sizes must be specified in 3-digh
arc.minutes format (MMM’). Alitude must be specified in 2-digit degrees format (DD%).

in any SET command that sets magnitude, size, or altitude limits, you can tell the CAT o sually ALL
objects as far as this limit is concemed, by pressing tha o koy instead of entering & vakue. For
example, if you don't want a SMALR limit on object selection, press SET + SMALR + 4.

The CAT assigns ALL to these limits when you power up the system, so thers is no reed o ahange
them unless you want to for purpases of the FIND command ' —c
| e . . See the FIND Mhrv
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L. START COMMAND

NOTE: You must have set the encoder Index [y \,copyce yGOODGOOD FAIR  POOR VPOOR
marks property on your Flrst Night Qui BRITA FANTR LARGRSMALRHIGHR TIMER BETTR
(Chapter 5) befors you can uss START DISP SET SYNC FIND REV BACK OPT
successiully. 9 8 7 6 5 ABOAT
The purpose of the START command is 10 give 8 9 10\ 11 13 14
the CAT the basic information needed lo 2 2 > : o ABORT
operate. CNGC M STAR FIELD STARTNEXT ENTER
MULTI OBJ COORDALTAZ TIME SITE HA
STAR GAL PNEB DNEB GLOB OPEN TYPES

Time, date, and observing location are entered using the keypad at the beginning of each observing
session. The telescope is then moved through the encoder index marks, which tells the CAT where the
tube assembly is pointing, relative to the mount. Last, the CAT helps you align the telescope polar axis to

the Pole Star. Pole Star means Polaris STAR 19 in the northern hemisphere and Sigma Octans STAR
351 in the scuthem hemisphere.

The command sequence summary for the START command is shown below:

START + # (GMT TIME as HH:MM:SS.S) +
ENTER + # (GMT DATE as MM:DD' YY) +
ENTER + # (LONG as DDD°MM) +
ENTER + # (LAT as DD°MM) +

ENTER + (You move scope past HA = 00h & DEC = 90° index marks) +
ENTER + (Move scope 1o extinguish the RED CROSS)
{Center Pole Star using ALT & AZ adjustments [on wedge]) +

ENTER + (Find STAR with RED CROSS, then center in field} +
ENTER

It your telescope is permanently aligned with the pole, you can tell the CAT to skip 5a and 5b by setting
OPT 06 = 1 when you power the system up. This will save you a few seconds on the START command.
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The following flow-chart describes the START command. First, time, date. and location are entered:

CAT Display

Observer Entry

Press button #12 (START) to initiate the command.

_

-

The GMT (Greenwich
Mean Time) legend
blinks.

Compute the GMT from your time zone and local time using
the guide at the front of this manual. GMT is also calied CUT
{Coordinated Universal Time) on radio station WWV (time
signals, at 2.5 MHz, 5.0 MHz, 10 MHz, 15 MHz, shont wave).
Enter the GMT and press ENTER to complete the entry.

|

r

The MONTH legend
blinks.

Enter the GMT MONTH.

|

—

The DAY legend blinks.

Enter the current GMT DAY. (Note that the GMT DAY is
often one day later than the local day. This is the case (in the
Western Hemisphere) when it is before midnight local time
and after midnight GMT time.

1

—

The YEAR legend
blinks. |

Enter the GMT YEAR. Press ENTER.

il

C

The LONG legend
blinks.

if your observing site s at West Longitude. enter the WEST
jongitude of your ohserving site followed by ENTER. if you
are at an EAST longitude, your WEST longitude = 360° -
EAST longitude. Use the 1able in the inside frort cover of this
manual to record the longitude and latitude of your obsarving

|

H

The LAT legend blinks.

Enter the latitude of your observing site followed by ENTER.
(Northern observing sites are entered as a poskive mumber,
southem sites as a negative number.)
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Next, move the lelescope through the encoder index marks as follows:

\

The CAT waits for you to slowly move your scape until the encoder index marks are passed (HA
- . D C = '.'I*go v

oooom&sf' - alignment and cagrdinate eferencing sie Q Wark, The CAT
indicates that the telescope is at an index mark by “beeping” (but only at this spacific paint in the
START command sequence). Slowly move your scape past +90° DEC (beep), then slowly back
through +90° again (beep), but not far (less than 45° . Seg the diagram below). Your scope
should now be pointing ahove the pole (closer to the zenith),

H

LMove your scope slowly in RA through the meridian (fork arms level) - the CAT will beep again.
!
Press ENTER to tell the CAT that the index marks have been passed in both axes, l

Last, align the telescope's polar axis 1o the Pole Star as fallows:

"

The CAT displays the RED CROSS and data for the Pole Star angd waits for you to point the
telescope 1o extinguish the RED CROSS. Your Scope is then pointing where the Pole Star would
be located i the altitude & azimuth controls (an the wedge) were set properly (RA axis aligned
with the earth's axis).

The CAT blinks ALTAZ. You align the polar axis of your telescape with the celestial pole by

adjusting the altitude and azimuth controls fon the wedge] until the Polg Star is centered in the
field of view. Then press ENTER.

i
The CAT displays the RED CROSS

Back Past +90 and data for a bright star near the
meridian,
+90
i
You move your telescope In RA
Past +80 ~—— andlor DEC until the gtgr s

posttioned in the center of the tiald.
Note: this may not extinguish the
RED CROSS, but i should be
Close. Also, if the RED CROSS
directs you to point the teloscope
toward the ground, you have moved
the telascope In Dec incomectiy
dufing the Index Marks Sequence.
Restart the START command and
follow the step at the top of thig
page exactly.

i

Press ENTER. The CAT will beep
twice as it initializes fts coordinates
to the coordinates of the object.

Fig. 18: Moving Past Index Marks



M. START COMMAND - Short Form

(time and date) and SITE (longitude and latitude) entry steps, which will already be comedt # you entered
them correcily when You executed START at the beginning of the observing session. The shornt form of
START cannot be used to set the index marks in the FIRST NIGHT QUT procedure.

CAT Display Observer Entry

Press button #12 (START) to indtiate the command
|

:

The GMT (Greenwich You press ENTER to skip past lhe GMT and SITE entry
Mean Time) legend steps.
blinks.

Polar align the telescope as follows:

The CAT displays the RED CROSS and data for the Pole Star and waits for you to point the
telescope to extinguish the RED CROSS. Your scope is now pointing where the Pole Star would

be located if the altitude & azimuth controls {on the wedge) were set properly (RA axis aligned
with the eanth’s axis),

1

The ALTAZ legend blinks. Using the wedge latitude and azimuth controls, position the Pole Star in
the center of the field of view. Then press ENTER.

I

The CAT displays the RED CROSS and data tor a bright star near the maridian.
i

You move your scope in RA and/or DEC 1o center the star in the field.
3

Press ENTER. The CAT will beep twice as it initializes s coordinates 1o the coordinates of the
cbject,

START +
ENTER + (Move scope to extinguish the RED CROSS)
(Genler Pole Star using ALT & AZ adjustments {on wedge]) +

ENTER + (Find STAR with RED CROSS, then center in flold) +
ENTER
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N. SYNC COMMAND

The purpose of the SYNC command is to synchronize the telescope’s position as displayed by the CAT
with the centar of the telescope’s fieid of view.

if, when using the RED CROSS to locate an object, you find that the object is not exactly in the center of
the field of view, center the object and press the SYNC key. This will SYNC the new telescope position to
the CAT display, and minimize pointing errors for objects in 1he same part of the sky.

The SYNC command must be used anly when the centered object is the one whose data is displayed. To
review any errors caused by SYNCing on the wrong object if you have not moved the telescope since
pressing the SYNC button, you can "UNSYNC" by pressing REV + SYNC.

it you SYNC on the wrang object and have moved the scope, then you'll have to do the following:

1. Point your scope to an object you are sure of.

2. Display the object information with the CNGC, STAR or M command.

3. Press SYNC.

If you're not sure of the location of any objects, execute the short version of START (press START «+
ENTER). This will cause START to skip the GMT (time & date) and SITE (longitude & latitude) input steps.
Since you set them when you started the observing sassion, they should still be valid.

Note: The data for the planetary positions is interpolated from a table, and not exact. Therefore, it Is
recommended that you do not SYNC on planets.
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0. TIMER COMMAND

TIMER Toggle the TIMER on/off/on...

Using the TIMER

The 'limer in the CAT wili count up or down. When you tum on your CAT, it is set to count up from zero
$:\a ésRnot running. To make the timar run, just press TIMER. To make the timer count down, press REV +

A common function of the timer is for timing exposures or for budgeting your observing time. For example,
if you want to make a 45 minute exposure, you could:

DISP + TIMER Make sure the timer isn't currently running
TIMER Tum OFF the limer # it is running
SET + TIMER + # Set timer to 00h 45m 00.0s
Begin exposure

TIMER Start the timer running

Guide or wait for 2 second tone from the CAT

End exposure when you hear the 2 second tone

TIMER Stop the timer

It you are away from the telescope and do not hear the time-out tone, you can still fing out how long it has
been since you started the timer. When the timer is counting down and reaches zero, it begins counting up
- 10 record the length of time past the tima-out tone. So, for example, if you coma back o your scope and
notice that the limer is counting up, the elapsed time is just the starting value of the timer plus the current
contents af the timer. This is also useful for axtending exposures that are going particularly well. The total
exposure is tha valug the timer started counting down from, plus the value of the timer when you stop the
exposure.

lf you want to time exposures or other events of unknown duration, stop the timer, set the timer 1o zero, and
start the timer 1o begin timing. You can then display the timer at any tima to find its current status or press
TIMER to siop the timer and later DISP + TIMER to see how much time elapsed between starting and
stopping the timer.

The TIMER key turns the timer ON and OFF. The TIMER operates in the following manner. The
TIMER will first tum QFF when the TIMER is ON. If the TIMER unit is OFF, the TIMER will then tum
back ON.

When the TIMER is counting down or reaches zero, a tone is emitted for a second or two to alert you
that "your time is up.” The TIMER does not have to be displayed for the TIMER or REV+TIMER
commands {0 work. S
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APPENDIX A
THEORY OF OPERATION

12 VDC power is supplied to the CAT through the power cable that plugs into the LX6 Power Panel. The
normal source of power is a car battery ar 9-13 VOC portable power pack (usually a small rechargable
battery). An AC to DC convarter (wall adapter} that supplles 12 VDC at 1.5 Amp is also provided. Inside
the consols, this power is converted into the vollages needed by the various circuitry, primarily +5 VDC.

Motion of the RA and DEC axes is detected by two precision 360 cycle per revolution optical encoders.
These encoders have three TTL compatible oulputs - two 50% duty cycle outputs in quadrature ("A™ and
“B* channels), plus an index marks channel ("I channel). Each time an encoder shaft is rolated one turn,
the "A” and "B~ channels output 360 square wave signals, but transitions of these channels are ofiset from
each other by 1/4 cycle (hence the name quadrature). The "I" channel cutputs only one narrow signal per
revolution of the shaft, at one particular shaft position.

By "watching" the A" and "B" signals, a specially programmed microcomputer in the CAT console detects 4
x 360 = 1440 transitions per revolution of each encoder shaft, and by keeping count of the transitions it can
keap track of the position of the encoder shatts.

The RA Encoder is "geared-up™ by 2:1 by the 60-tooth pulley on the RA Encoder shaft, the 120-looth pulley
attached to the RA axis, and the timing belt that couples them. This makes the shaft of the RA Encoder
rotate twice for every revolution of the telescope in RA. The microcomputar knows that each of the 2680
increments from the encoder represents .5m of RA, so it adds +.5m or -.5m fo RA for each increment is

detects.

The DEC Encoder is "geared-up™ by 5:1 by the 24-tooth pulley on the DEC Encoder shaft, the 120-tooth
pulley attached to the DEC axis, and the timing belt that couples them. This makes the shaft of the DEC
Encoder rotate five times for every revolution of the telescope in DEC. The microcomputer kriows that each
of the 7200 increments from the encoder represents 3' of DEC, so it adds +3' or -3' to DEC for each

increment it detects.

A proprietary algorithm in the CAT software can keep track of position even when speeds become very
high, up to at least 25,000 increments per second simultaneously for both axes. In the normal
configuration, that's well over 1 revolution of the scope par second! There is, however, a limit to the
acceleration that can be accomodated - equivalent to accelerating the telescope to full speed (25000 ips} in
less than 1/100 of a second! This may seem like an outragecusly high value, completely beyond any need
for concem - after all, who would want to accelerate their telescopes to one revolution per second in less

than 1/100 second? In normal use of a telescope, this limit is imelevant.

However, i you “twang" the timing beh with your fingers, you are only acceleraling the mass of the belt and
small puiley for a short distance. In this way, you can generate 100 large an instantaneous rotqtlonal
acceleration of the small pulley and “break™ the encoder algorithm. In this case the coordinates will "go
berserk” (if the RED CROSS is displayed, opposite legs will alternately flash. If this happens, turn the CAT
off, and start over. .

i leve-and belts are covered on the LX8 talescope._this is not a prob}em. I-.i.o_wever;
ﬁ?&?m:i}l‘:mwclazyglso be *broken” when a belt is too tight and/or if the belts are trying 1o ride up
the side flanges. The ralsed lettering on the inside surface of the flange can grab the bell, lift “.? iittle as
the scope mlale;’. and "twang" when the belt slips off the lettering. ! this happens, the pulley positions may
need to be changed to ailow unrestricted belt motion.
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APPENDIX B
SPECIFICATIONS

Console Size E" x 4" x 1" (approx)

Power Supply 9 .13 VDC (Usually a car battery)
RA Encoder 360 cpr

Dec Encoder 360 cpr

RA Resolution 2880 ipr

Dec Resolution 7200 ipr

Max RA Slew Speed 25000 ips minimum

Max Dec Slew Speed 25000 ips minimum
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APPENDIX C
CAT OBJECT CATALOGS

The CNGC

CNGC stands for "Computerized New General Catalog ot Non-Stellar Astronomical Objects”.

The CNGC contains 7840 cbjects most of which appear in the RNGC (Bevised New General Catalog) with
the same number. Whan the CAT displays information about a CNGC cbject that is also in the RNGC, it
also Hluminates the NGC legend. More than 400 objects were added to the RNGC to create the CNGC.
Most of these "should have been” in the RNGC in the sense that they are bright and large encugh to have
been included.

The CNGC is enhanced from the RNGC in many ways. Angular sizes are given in arc-seconds on the
CNGC listing, and in a convenient scaled format on the CAT displays. Magnitudes are given to .1
magnitude whare possible. 1f the object is shown in TIRION SKY ATLAS 2000, the CAT illuminates
TIRION and a T appears under "TAGS" section of the CNGC listing. It the object Is listed in the SKY
lCATALOGUE 2000, the CAT illuminates S-CAT2 and an "S" appears under "TAGS" section of the CNGC

The coordinates in the CNGC listing and in the CAT are pericdically. Currently the coordinates are given
for 1988. It is advised that every few years you get a new CNGC listing and EPROM for the CAT. This will
keep your coordinates accurate, and will also include the latest enhancements to the CNGC and the CAT.

Telescope 14" 1/10 production Schmidt-Cassegrain
Low Power FL = 40mm “Wide-Field" (1/2° field)
High Power FL = 18mm "Wide-Fleld” (1/5° field)
Sky Cond. Clear, dark sky. Relative humidity 50%.
Other Objed altitude 307 when possible
Far South Far southern objects rated from southern hemisphere.

Objects have been assigned a "Visual Quality Rating", henceforth called VQ. A large number of VQs have
been obtained by observing the objects. Eventually, all objects will be rated by observation, and later
versions of the CNGC will include the new ratings. To make the VQs as useful as possible, all
obsarvations have been made with the same telescope and eyeplece under substantlally identical observing
conditions. Only for very small objecis was a higher power eyepiece used. The standard system and
observing conditions are as follows:

i the object has been rated by observation, an upper-case character (ABCDEFG) is used for the VQ on the
CNGC kisting, and the CAT illuminates the RATED legend. If tha object has not yet been observed, the VQ
has been esiimated by a computer program from the object type, slze, apd brightness and the VQ is
specified in lower-case characters (abcdelg). The VQs for visually-rated objects are a considerably more
consistent guide 1o observability and appearance than either the computed VQs or an examination of the

type, magnitude, and size data.
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The tollowing guide to VQs was used in the visual observing process.

SUPER  yary bright object with very interesting shape or structure.

EXCEL gr;qght object with very Interesting shape or structure.

Very bright object with moderately intaresting shape or structure.

Bright cbject with moderately i i structure.
veoon oo erately interesting shape or struct

Very bright abject with little or no interesting shape or structure.

Easy to see without averted vision with some Interesting shape or structure.
GOCD OR

Bright object, but little or no interesting shape or structure.

FAIR Easy to see without averted vision, but little or no interesting shape or structure.

POOR Easy 10 see with averted vision. Often borderine visinle without averted vision,

VPOOR A struggle to see with careful use of averted vision.

Not yet rated AND missing information for computer estimate.
(none) CR

Could not see despite careful use of averted vision.

All, or very neary all, of the objects in the CNGC are visible with the standard instrumentation and
observing conditions used to obtain the visual quality ratings. It is a good indication of what can be
expected with similar equipment by experienced deep-sky observers in excellent sky conditions. Naturally
smaller telescopes and/or less optimal observing conditions will lower the apparent quality of ali objects.

The following is a description of the format of the optional CNGC listing for each object:

COLUMN NAME DESCRIPTION
1 CNGC# | CNGC 0001 through CNGC 7840
2 RA Right Ascension
3 DEC Declination
4 SIZE Size of object (arc-saconds)
5 MAG Magnitude (-5.5 thru 19.9)
6 TYPE Type of object
7 . * means object is not in the RNGC
8 ALT CAT | Alternate catalog name and number
9 vaQ Visual Quality Rating {abedslg ) or (ABCDEFG)
10 TAGS Object Type # {0-F) : 5 = Sky-Cat . T = Tidon
11 COMMENTS | Name, comments, other infarmation
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The lolowing types are distinguishad in the CNGC

TYPE LEGSND 7DES_CRIPTIONV . ) T
o | . Nono Unverlﬂod Somhom Ob_lacl o
v | oeen | opancuser
z 1 QLOB o ‘qubp!nr Clusjor
L3 . DNEB | DifuseNebuta =
‘ PNEB ] Planotary Nebula (or SN Remnant) i
L5 op LoeAan | Galay o
68 ~ OPEN + DNEB Open Cluster + Ditluse Nebula
.0} . ... None | NonisteniObject
3. MULTLSTAR | Mutiple star
oA _MULTKGAL | Muliiple Gainxy (Usually Interacting) -
B ... DNEB | DakNebulain lrontof Diftuse Nobula
oeneCif . GALSOPEN | | Opun Glustorin Extemnal@alaxy
D f . _GAL+GLOB | Globular Cluster In Extenal Galaxy
. E_ | . GAL+DNEB | Ditfuse NebulainExtemalGalaxy
F GAL+OPEN+DNEB Open Cluster + Diffuse Nabula in Galaxy
Ihe STAR Calalog

The STAR Catalog containg the 250 brighlest stars (STAR 1 thru STAR 250), 100 Interesting double stars
(STAR 251 thru STAR 350), pius Sigma Octantis, the southern pole star (STAR 351).

The STAR Catalog is listed in a separale notebook with the CNGC or M, in & format much like the CNGC.

The M Catalog

The M Catalog has been the banchmark deop-sky catalog for years. Recently expanded to 110 objects, the
M (Measier) catalog contains most of the best deap-sky objects.

The M Catalog e lisied in a separaie notebock with the CNGC and STAR catalogs, in the same format a8
the CNGC.

Iha Planets

comaine planet 2 the year 1996, When this time period runs out, the CAT will
m;ndom “rn:onmﬂa:r{f f’;?aﬁ?ﬁgﬁqun. Periodically, new data ls genarated (for the next elght

yesrs pariod), and is avaiiable in the EPROM upgrade (se¢ page 58, ahova).



i - 61 -

APPENDIX D
PROBLEM SOLVING

Tha‘CAI hag boen thoroughly testod belore lsaving the factory, and should give ysars of trouble free
sorvice. If you feol that your CAT has a problem, reraad this manual, 10 be sufe that you are using the CAT
corracily, mspocially Chapter 4 - Tasting.

Tho followlng list covors mast problems and solutions
SYMPTOM: NO RESPONSE OR INDICATION OF POWER
PROBLEM:  THE CAT IS NOT RECEIVING POWER

1. De sura tho cablo I3 securely plugged into the LX6 Powar Panel and the ON/OFF switch on the Power
Panal aro lwrned ON

2. Tho telescope power axtonsion cable may be connacted to an improper powar source Connect it lo a
propar poOwer 8ource.

3. A power surge may havo scrambled the CAT memory Unplug the power supply, wail a fow moments,

and raconnect the powar, The mast common causs lor a powar spike is a faulty power cable Chack for
taully connectors.

SYMPTOM: DISPLAY WORKS -- RA or DEC COORDINATES DO
NOT CHANGE PROPERLY

PROBLEM: RA or DEC ENCODER IS NOT PROPERLY COUPLED TO THE CONSOLE

1. The connectors between 1he Junclion Box and the ancoders may be Improporly connected. Remove
and reconnuact the encodar cables.

2. An encoder pulley may be Improperly secured and is slipping. Be sure that the nuts that hold the
pulleys In place are tightened.

3. An encoder may not be functioning properly. The mos! likely cause is damage from misconnection of
power 1o the CAT, especlally f both encoders are non-tunctional.

4. There could also be a bad connacior or brokan wire in one of the encoder cables.

SYMPTOM: DISPLAY FLASHES RANDOM NUMBERS AND RED CROSS
IS FLASHING OPPOSITE LEGS

PROBLEM: ENCODER ALGORITHM HAS BEEN “BROKEN"

1. An encoder belt has besn “twanged” by physically hitting tha belt or encoder. Unplug the CAT and siant
over. (See Appendix A.)

2. An sncoder timing belt has "rode up” the puiley. The belt then catches on ¥ ralmed lelering on the
inslde surface of the flange. Readjust tha bels and stan over. (See installation - Chepter 3.)

3. Timing belt I8 too light, Readjust the belts and atart over. (See instaliation - Chepter 3.)
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APPENDIX E
EQUATIONS and TABLES
TERMINOLOGY
FLs Focal Length of Scope
FLe Focal Length of Eyepiece
AFe Apparent Field diameter of Eyepiece
TFe True Field diameter of Eyepiece / Scope Combination
TRe True Field radius of Eysplecs / Scope Combination
EPe Exit Pupil diamater ot Eyepiece / Scops Combination
APs Aperture of Scope
/s Focal Ratio of Scope
MAG Magnification of Eyepiece / Scope Combination
EQUATIONS
MAG = FLa/FLe
TFa = AFe/ MAG
TRe = TFe/2 TRe is the value used in SET + FIELD

t's « FLa/APa

EPe = Fle/Us




APPENDIX F: STAR LIST

o987

STARK  RA DEC  SIZE MAG TYPE & DESCRIPTION ALTNAME  QTAGS COMMON NAME/COMMENTS
s
* 1 00078  +2002 21v STAR B85piV.(Hg+Mn) Alpha And 88T Alphersiz
] 00086 +5908 28v STAR F2Ii-V Beta Cus 88T Caph
« 3 00127 +1508 28v STAR B2 W Gamma Peg 8sT Algenib
* 4 00252 77189 28v STAR GI IV Bata Hyl 8 ST
*5 00257 4222 24v STAR KOlilb Alpha Phe 88T Ankaa
* 6 00388  +3048 3.3y STAR Kalll Delta And A 8T
‘7 00300 +5620 22 STAR Kollla Alphe Cas 8sT Shedi
° 8 00430 -1803 20v STAR G951l Beta Cet 88T Diphda
‘9 0056.4 +6040 20 250 STAR BO Vnpo(shell) + ? Gamma Cas o ST Marj B=88 C:h
‘10 01056 4646 t0  33v STAR Ga il Beta Phe AB 98T B-Similas mag & spectrum
1 01092 +3534 21v  STAR MO ila Bota And 85T Mirach
“12 01251 46011 27v STAR AS IV Della Cas gsT Ruchbah Ect-Bin @758
*13 01373 5717 05v STAR B3 Vnp {shail) Npha Ed 8sT Achernar
‘14 01541 +2046 26v  STAR ASV Beta Arl 8sT Sharatan
‘18 01584 8138 20v  STAR AgllHiVa Alpha Hyi 8sT
*16 02033 +4217 100 23 STAR K3llb+8BIV +AOV GammaAnd A  ©ST Almagk Be5.4 Ca82
7 02066 +2325 20v  STAR K2 lab Alpha Art 88T Hamal
“ 18 02088  +3456 30v STAR ASIV Beta Tri 8 sT
*19 02078 +B014 180 20v STAR F580b+F3V Alpha UMI A 9T Polare B=8.2
‘20 02189 0301 10 21iv STAR M55 lie + Bpe Omicron Cat A 98T Mira Bed 5
21 02579 o2 32v STAR A5 IV Theta Eri A 8sT Acamar
c22 03018 +0402 25 STAR M15 lia Alpha Cet 8 ST Menkas
) 03040 +5328 20v STAR Galii+ A2V Gamma Per 88T Algenh
24 03075 +4055 21v STAR BBV +F: Beta Par asT Algal
"2 03236  +4949 18v STAR F51b Alpha Per asT Mirphak
‘26 03422 4746 30v STAR B5liin Delta Par 8sT
27 03469  +27 04 28v STAR B7liin Ela Tau 8 st Alcyone
] 03473 T4 17 32v STAR M2l Gamma Hyi 8 ST
-] 03535 3152 130 20 STAR Bllb+B8V Zots Per A 98T Be9.2
‘a0 03571 +3960 o0 20v STAR BOSIV4+BBSYV Epallon Per A 98T Bw79
*a 03575 1332 30v STAR MO I-HIb Gamma En 87T Zaarsk
a2 04338 5503 2 83 STAR A0p M(S)+ BRIV AphaDorAB 0 ST As35 B3
133 04353 41830 oy STAR Kslit Alpha Tau A 8 svY Aldebaran
*34 04493 +0B58 32v STAR F6V PIA3 Oxi 8 sT Hamalsh *
* 35 04563 +33 10 2™ STAR K3l lota Aur 8sT Ayn
<38 0B012 +4348 30v STAF ARlas+ B Epalion Aw A 88T Anz
a7 os0s0 2223 32v STAR K& Epalion Lap e sT
" 05088 41 13 32v STAR B3V Eta Onl AB 8 ST Howdut 1
‘3 05074  -0508 28v  BTAR ASHlin Theta Ed 8 ST Kursa
*40 gg 1%; -(1,: :g 3.v  STAR Bip IV: (Hg+Mn) Mu Lep 8 8T
* 4 14 90 Otv STAR BSlae+BSV Beta Ori A ¢ 87 2.4
42 05 158  +4800 0.1v STAR G& 1l + G2 I Alpha Aur AB 88T ?‘.;:- nid
‘43 08239 0228 A STAR BIIV+B Eln O AB 8 8T
. 4k 05248 0620 L&y STAR Bailt Gamma Or 88T Belatrix
48 05256 2038 1.7v  8TAR B71h Be
" 48 05278  -2048 26 26v STAR GEil+? Bo: I:“ A :ST Y t
v 47 ! 1] 8T BT Miba B
5318 0019 22v 8TAR 0881t Delta Ord A
‘48 08322 -1T4 e 8T Vsl .
. a . 1749 2 STAR FOIb Alpha Lep 88T Ao :
9 05450 0558 110 26 STAR QR Ui +B7Mp lota Od A Nt ol G0t W10



STARS  RA DEC  SIZE MAG  TYPE A DESCRIPTION ALTNAME  QTAGS COMMON NAME/COMMENTS
" 50 05356 0112 17 STAR BOis Epsilon Ol 8sT Alnitam
* 51 05370 42108 30ov STAR B2 lilps (shefl) Zeta Tau 8 ST
* 52 0533 3405 26v STAR B7WN Alpha Col A 8ST Phaat
“53 05408 0157 24 2t STAR a5+ BOI Zeta Ori A 9 ST Alnftak Bzd 2
Y 05472 0040 24v STAR BOSIa Kappa Ori 8sT Saiph
.5 05508 3548 3tv STAR K15l Beta Cot 8ST Wazn
' 58 05546 0724 04w STAR M2 lab Apha O 8sT Beleigouse
‘57 OSSB7  +44 57 1w STAR A1V Bota A BST Menkalinan
- 58 0550 43713 40 28 STAR Aop W (s)+ G2V Theta AwrAB  #ST Bogardus B=72 G2V
-5 08143 223 39 STAR M3 IR Eta Gem 8 ST Propus | Tep O
* e 08199 200 30y STAR B25V Zeta CMa 8 ST Phurud
8 o223 +220 28 STAR MO lliab Mu Gem 8ST Tejal Poskarior
*82 08222 1757 20v STAR Bi il Beta CMa asT Murzim
‘6 o828 5241 ON STAR ARl Alpha Car 8sT Canopus
“84 08371 41825 19 STAR AtWVs Gamma Gem 8sT Alhena
*66 08874 4311 32¢ STAR B8 lin Nu Pup ast
*e8 08433 42500 30y STAR GA b Epeilon Gemn esT Mebeuta
87 08447 1642 95 1% STAR AOmAlVa Alpha CMa A 9ST Sirua Ba8.5 50y
‘ea 08481 8158 33 STAR ABVn Agpha Pic 8sT
% 08407 5038 2% STAR Ki W Tau Pup 8sT
* o582 ST 15 STAR B2l Epsiion CMa A 8ST Adara
N 07028 -4 sov STAR Biisb Omicrom*2 CMa 8 ST
‘R orore 282 i1v BTAR Fsla Delta CMa 8s7 Wezen
°7s 07132 447 26¢ STAR NS le 1.2 Pup 8 sT HA2748
‘M o7168 3704 27v STAR @b Pi Pup 88T
75 07287 2818 2% STAR 85l £ta CMa B ST Aludra
7 07286 +08 18 20v BTAR B8V Beta CM 88T Gomeisa
77 07289 4316 220 3 STAR KSHI.Q5V Sigma Pup A 98T
. 07399 3158 25 1oy STAR A1V .+ A2mAS ANphaGemA 98T Castor A
b 073830 43135 25 20 STAR AZMAS W A1V AphaGemB 98T Caster B
“® 07ME 0518 4 O#v BTAR FSIV-V+? Alpha CMi A » ST Procyon Ba10.3
o 0T 447 2808 1ty STAR KDHB Beta Gem 8 sy Pollux
o 07488 2450 3 STAR G8 b Xl Pup 8 ST
g 08032 2050 2% STAR 05 lsin Zota Pup 8 87 Naos 7
. osQrt  -2417 2N STAR F8 lip (var) fho Pup 88T
"% 00082 A719 17v STAR WC8 . 081 Gamma*2 Vel 88T AL Sahadd ol Mk
o o0z 592 1w STAR K3 I Epalion Car 8ST Avior
‘a7 ofadd B4l 20 20v STAR A3V Deita Vel AB 98T BaS0
‘. 08549 JO5% siv  STAR QB IHI Zota Hya asT
‘% 08585 +4808 40 31v STAR ATNn.MIY iotm UMa A 9 ST Taktha BCa108
“9%0 0078 432 227 STAR Kdib-lia Lambda Vel asT Suhail
“® 09132 &4t 1.v  STAR At Beta Car 8sT Minplacidus
‘92 00188 -394 22v STAR ABHl lota Car 8sT Turals
‘o8 00204 20 31y STAR X7 liab Alpha Lyn B8ST
‘o oe2ts 8458 2% STAR B2iV-V Kappa Vel ast
‘e 00370 083 20v  STAR KYIIH Alpha Hys asr Alphard
* o8 WNe S 31w 8TAR K3 i N Vel asT HA3803
‘47 00328 S14 sv STAR F8IV Thets UMa 887 .
‘e 00453 2340 30¢r STAR GIH 1 Leo agT Ras Elasad Aus -
' 90 mass 8502 50 30/ STAR ASB.B71i Nu Car AB 98T Be6.3



gTAR®  RA DEC SIZE WAG TYPE & DESCRIPTION ALT NAME  QTAGS COMMON NAME/COMMENTS
—‘—-"-'—_

*100 10079 +1201 i4v STAR B7Vn Alpha Leo A 8 sT RAeguivs

“101 10 135 -69 59 33 STAR B8liln Omega Car 88T

102 10104  +1954 50 26v STAR KillbFe05+"° GammalsoA  ©ST Agieba B=35 G7 il Fe-
*103 10217 MR 3.1v STAR Mo llip M Uma 8ST Tania Austraiis
*104 10316 6138 3% STAR B4 Vne Rho Car X4 HRA4140

“105 10426 6420 28v STAR BOSVp Theta Car asT

“106 10463 4922 20 27 STAR G5ill+FB.V Mu Vel AB 9sT Bab 4

107 10482 -1807 3iv STAR K2 W Ny Hya B ST

*108 11012 +5626 24v  STAR ADmA1 IV-V Beta UMa 8 ST Merak

*109 11031 +6148 3 18 STAR KOllla+ABV AlphaUMa AB 9 ST Dubhe B=438
“110 11091 +M4 3 aov  STAR K1l Psl UMa 8 ST

“m 11136 +2035 26v STAR AV Delta Leo asT Zosma

142 11137 +1529 a3 STAR A2Vs Theta Lea 8sT Chort

113 11353 6258 31iv STAR B9 il Lambda Cen BST

114 11466 +1438 21v STAR A3V Bata Leo 8sST Densbola

118 11533 +5345 24v STAR AGIV-Vn Gamma UMa 8sT Phad Fhe kel
116 12078 5040 2% STAR B2IVne Defm Cen 8sT

‘117 12006 -2233 30v STAR Kallla Epslion Crv BST Minkar

‘118 12145 5841 28v STAR B2V Delta Cru 8sT

*119 12150 45705 3% STAR A2 IV-Vn Delta UMa 8ST Megrez

*120 12182 A7 26v STAR Bap Nl: (Hg+Mn) Gamma Crv 8 ST Gisnah Ghurab
*121 12260 6302 50 1.3v STAR BO5IV+BiVn Alpha Cru A 9 ST Acrux A B=1.7
122 12261 €303 50 1.7v STAR B1Vn+BO5IV Alpha Cru B 9sT Acrux B A=1.3
*123 12204 -1627 240 30v STAR BeSN + K2 v Deita Crv A §ST Algorsb Ba=6.3
*124 12306 570 16v STAR M35l Gamma Cru 8 ST Gaorux

125 12338 2320 27v STAR GSI Bata Crv ast Kz

*126 12368 6905 27v STAR B2 V-V Alpha Mus asT

‘127 12410 4654 50 29v STAR BoSli+ A0l GammaCen A 98T B=3.0

*128 12409 4854 50 30v STAR A0l +BoSIH GammaCenB 98T A=29

129 12412 0124 40 28v STAR FiV+FRIV GammaVirAB ST Porrima B=35
*130 124568 8803 10 3.4v STAR B2V+B25V Beta Mus AB 98T Bt 1

12 12474 5638 1.2v STAR BOS Beta Cru asT Becrux Mimosa
“132 12538 45601 1.8¢ STAR AOp IV: (Cr+Eu) Epallon UMa 8 ST Allothr

‘133 12558 3822 20v  STAR ADp Ili: (Si+EusSr) Apha*2Cva A 85T Cor Caroll BsS6FOV
134 13017 <1108 28v STAR GBlllap Epsiion Vir 88T Vindamiatrix
*135 13 18.4 -2307 3.0v STAR G8lila Gamma Hya 8 ST

‘138 13200 38 28y STAR A2V iota Cen 88T

137 13238 5459 140 29v STAR Alp IV: (SN) + AImA7 Zela UMa A ¢sT Mizar B39
‘138 13247 1108 1Ov STAR B1V Alpha Vir B ST Spka

‘139 18302 5328 23 STAR B1 I Epailon Can 88T

*140 13471 +A9 22 19v STAR B3V Eta UMa 88T Alcaid

141 13490 4228 3.0¢ STAR B2 W-Vpne Mu Cen 8 ST -

"142 19541 +1827 2% STAR GOV Etm Boo 8 ST Muirid

143 18549 4714 28v STAR B2SIV Zota Con 88T

144 14021 6020 0oy STAR Bi I Bath Cen AB 89T Hadar

*145 14088 2638 sy STAR K2t Pt Hya 88T
‘144 14081 3818 21y STAR Ko lib Thata Cen B 8T Mesiont
*147 Wil 19 00v  STAR K151 Fed5 Alpha Boo 8 ST Aroons
*148 14316 S22 a0v STAR ATHWV Gamma Boo [} 2] Sogiram.
*149 14348 4207 24 STAR 815 Vpne Eta Cen 'Y x4



STARS RA DEC SIZE MAG TYPE & DESCRIPTION ALTNAME  QTAGS COMMON NAME/COMMENTS
—
450 14309 6048 210 OOv STAR GZV+ K4V Alpha Cen A 9 ST Righ Kentaurus Baq 3
*15¢ 14389 8048 210 13 STAR K4V.G2V Alpha Cen B 9 ST A=D.0 Tatiman
*152 14412 4724 2% STAR Bi5 W Alpha Lup B ST
153 14416 8455 160 32v STAR A7p (S} + K5V Alpha Cir 9 ST B=8:6
154 14481 2707 30  24v STAR KOlidll « ADY Epsilon Boo 28T fzar B=5.1
- 15 C.
155 14503  5ro0 28 STAR A3 IV Alpha Lib A 8sT Zuben Elgenubi
"158 14507 7412 2.v  STAR Kenif Bota UM 8ST Kocab
157 14578 4305 2N STAR B2IV Beta Lup 8ST
158 14585 4203 3.v STAR B2v Kappa Cen asT
*159 15035 2515 33v  STAR M4 il Sigma Lib 8sT Brachlum
*160 15165 0021 28v  STAR B8 Vn Bela Lb 88T Zuben Elschemali
i1 15178 6839 20v  STAR Atllin Gamma TrA BST
162 15207 4097 32v STAR B15Ivn Delta Lup 8ST
183 15207  +7153 3.1v  STAR A251 Gamma UM BST Pherkad
184 15247 5001 33 STAR K2l tofa Dra 8ST Ed Asich
*165 15350 42845 2 STAR AOIV Gamma CrB 8ST Alphaica
? *188 15344 4i08 § 28 STAR BZIVn+ B2 IVn Aphalup AB 9 ST A=35 B36 Hammal
167 15537 406 27 27v  STAR K2 b (CN1) Alpha Ser 8 ST Unukathal
‘168 156542  gaza 2% STAR FOIV Beta Tra BST
168 15582 2808 2%v STAR BIV+B2V Pi Sco A 8ST
‘170 15880 42556 20v  STAR gM3: + Bep TCrB asT Galt
17t 15507 2238 2% STAA BO3 IV Delta Sco AB 8 ST Dschubba
472 16049 -1948 10 26v STAR BOS IV Beta Sco AB 9sT Gralfias B=50 C=49 @ 14
173 16138 0341 2™ STAR MO5 I Oelta Oph asT Yad Prior Acitnb
‘174 16176 0435 32v STAR G@.5 llib Fe-05 Epsilon Oph asT Yed Poelerior
*17s 16206 -2535 200 29v STAR BiM+B9V Sigma Sco A 98T Alniyat Ba83
176 16238 46133 60 27v STAR G8 lilab EtaDra A 9 ST Booboo B=8.7
177 186288 2624 30 0% STAR M1S5lab+B25V Alpha Sco A 98T Antares Bx5.4
178 18207 42134 28v STAR G7 Ila Betx Hor 8ST Kornephoros
“17¢ 18352 2912 28 STAR BOV Tau Sco 88T
*180 16366 -1033 26v STAR 08.5Vn Zata Oph 8sT Fieht
*181 16409 a7 37 1t 28 STAR GIIV+G7V Zsta Her AB pST Bu5.5 5
182 18475 6900 19 STAR K2Ub - liia Alpha TrA 88T Artla 0 Atroe !
183 16495 3418 23v STAR Kzl Epslion Sco BST
‘184 16812 -3802 30v STAR B1.5IVn Mu*1 Sco 8SsT
185 18871 0923 32v STAR K21Iif Kappa Oph 8sT
198 18577 5550 3.iv STAR K4 It Zeta Ara B ST
‘187 17007 46544 32v STAR B8l Zeta Dra 88T Adhibah = Nolas L
‘188 17008 1543 10 24v STAR A2Vs + A3V Eta Oph AB ST Sablk As3.0 Ba35
*189 17114 4313 33 STAR F2p V: (Cr) Eta Sco 83T
*190 17141 1423 3.v  STAR M5 b Alpha Her AB 88T Ras Algethi
‘191 17148 42450 90 31v STAR A1{Vn+? Delta Her 98T Sarin Ba8.8
192 17147 43848 32v STAR K3 llab Pi Her 8 ST
*193 17214 2450 33 STAR B2V Aphu Oph 8sT
‘194 17745 5531 28v  STAR K3ibla Beta Ara 8ST
198 17245 H822 3% STAR Bitb Gamma AmA 88T
*196 17800 8717 2% STAR B2V Upsiion Sco 8SsT
‘197 17802 5210 40 26v STAR G2 iblia+ 7?7 Beta Dra A 98T Restaban B=115
*108 17810 4052 30¢v STAR B2 Vne Alpha Ara 88T
‘199 17329 3707 10 STAR Bisv Lambda Sco 88T Shauls
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200 17244  +1234 21v  STAR A5 ilin Alpha Oph 8 ST Rasahague
201 17365 4300 19 STAR F11 Theta Sco 8sY Sarpgas
202 17418 3901 24v  STAR B15 Kappa Sco 8 ST
203 17429 044 28v  STAR K211 Beta Oph 88T Cebaral
204 17468 4007 30 STAR F2la Iota*1 Sco 8 ST
“205 17 49.1 -a7 02 32y STAR K21l G Soo 8sT HAGB3D
*206 17564 45120 22v STAR Ksin Gamma Dra 8 ST Etamin
*207 17585 0946 33v  STAR KONl Nu Oph 8 ST ERP
*208 18051 3026 30y STAR KO Gamma*2 Sgr 8 ST Nesh /+°¢ -t %-
208 18169 364§ 40  31v STAR M35 lilab + G8: V. Eta Sgr A g ST B=83
210 18203 -2950 2% STAR K25 llla Delta Sgr 314 Koaag Miotss
211 18208 0254 33v  STAR Ko (v Eta Ser 8 ST
212 18235 3424 1.9v  STAR A0 llinp (shell) Epsilon Sgr 8 ST Kaus Australe
213 18273 2526 28v STAR Ki lilb Lambca Sgr [¥:13 Kaus Boroakls
*214 18386 43846 00v STAR AOVa Apha Lyr 8 sT Vega
215 18450 -2700 32v STAR Bas i Phi Sgr asT
216 18546 -2619 20v STAR B25V Sigma Sgr 8 ST Nunki
217 18585 43240 32v STAR B3N Gamma Lyr 8ST Sulaphat
218 19020 2854 5 26v STAR A25V s A4 V: Zota Sgr AB ST Ascela A=32 B35
‘219 18049 +1352 3.0¢ STAR ADIVnn Zetm AG A 88T TRV B ¥ S
220 19063 2740 33 STAR Kt5Hib Tau Sgr 8sT
221 1809.2 2103 6 29 STAR F2ll+7+7 PL Sgr ABC 8ST Afbalkiah A=37 Ba38
1222 19126 46738 31v STAR GBIl Detta Dra 88T Nodus Secundus
223 19303  +2757 350 3.1v STAR K3li+Bo5V Beta Cyg A 9ST Albireo Bu5.1
224 19447 44507 20 2%v STAR BOSII«F1V Delta Cyg AB 9 ST B4
*225 19458 41036 - 27 STAR K3l Gamna Ag 8sT Tarazed
‘228 19502 +0B 50 0.8v STAR A7 Vn Alpha Ac 8SsT Altair
227 20108 0052 3.2v STAR Bgs N Theta Agl 8sT
228 20205 .14 49 31v  STAR KOl + A5 V:n Beta Cap A 8 ST Dabih
220 20218 +40 14 22v STAR F8lb Gamma Cyg 88T Sadr
*230 20264 41503 19v STAR B2s5V Alpha Pav 8 ST Peacock
231 20388 4720 a.1v  STAR KOl (Gn1) Alpha ind 8 8T
*232 20411 w4514 13v STAR A2ia Alpha Cyg 8T Deret)
*233 20458 +3356 25¢ STAR Kol Epsiton Cyg 8 ST Cat
‘234 21125 3011 32v STAR G81llaBa06 Zeota Cyg 8sT
*235 21184 46233 24v STAR ATIVV Apha Cap 8sT Aderamin
‘236 21285 47030 a2v STAR Btill Beta Cep 8 ST Alphirk
*237 21310 0538 2% STAR GO b Beta Aor 88T Sadalsuud
*238 21436 0050 24v STAR K216 Epsiion Pag 8 ST Enit '72 fare,
230 21465 -1810 26v STAR A3mF2 V: Deita Cap 8 ST Aloaer gy
*240 21533 3725 30v STAR B8l Ganma Gru 8 ST
241 22053 0023 30v STAR G2 Ib Alpha Agr 85T Sackaimalk
242 22076 4701 1.v STAR 871V Alpha Gru 8 ST Al Nair
243 22178 8019 29 STAR K3l Alpha Tue 8 ST
244 22421 4656 2iv  STAR M1l Beln Gru BST
*248 22425 43010 2% STAR GsHa»FOV Eta Peg 887 Malar
248 22531 -1553 33 STAR ASW Dela Acy 88T Tt
‘247 22571 2041 1.2v STAR A3V Alpha PeA $9T Fomallingl
*248 23032 +2802 24v  STAR M2 -l Beta Peg 88T St
‘249 23043 41500 25¢ STAR OS5V Alpha Peg s 8T Shoghnh.



STARE PAA DEC  SIZE MAG TYPE & DESCRIPTION ALTNAME  QTAGS COMMON NAME/COMMENTS
250 23389 7T M 32v STAR Kt UV Gamma Cep 8 5T Alrai
251 00055 +58 22 15 64 STAR 84:7.2 @308 ADS 61 9 8T 1380=14 @287 107y
‘252 00394 +2123 68 55 STAR 5597 @194 ADS 558 9 ST 1964 Yellow Blua
253 00418 +0407 15 78 STAR 7694 @207 ADS 588 88T 1680=1.5 @ 200
*254 00493 42T 44 6.3 STAR 6363 @296 ADS 683 98T 1959 p{Yellow Blus)
*e55 00540 +1908 5 6.2 STAR 6269 @211 ADS 748 9sT 1980-05 @ 224 400y
~&56 00 54.4 +23 35 8 60 STAR 6064 @292 ADS 755 9 5T t8980=0.6 @ 259
*257 0105.1 +2125 269 56 STAR 5658 @159 ADS 899 95T 1964 Yelow pBlue
=] 01088 4712 5 46 STAR 4655 @133 ADS 940 98T 1980=05 @ 140
*259 011341 +07 32 230 56 STAR 5666 @063 ADS 996 98T 1972 YellowpBlue
~260 01304 -56 15 1123 58 STAR 5858 @193 p Ed 98T 1880=11 1 @195
261 02252 +89 32 178 20 STAR 2089 @216 ADS 1477 8 ST Polaris North Star
*262 01530 +1915 78 46 STAR 4647 @000 ADS 1607 28T 1969 1831=86
‘263 01553 +01 48 10 68 STAR 6868 @057 ADS 1538 98T 1980=1.2 @053
264 01573 +2333 ass 47 STAR o777 @047 ADS 1563 98T 1973 Yellow Blue
*265 f2014 +02 42 16 42 STAR 4252 @273 ADS 1615 95T pBlue pGreen
*266 02032 4216 98 22 STAR 2251 @083 ADS 1630 95T 1967 Orange Emerald
*267 02118 43015 a9 53 STAR 5369 @0N ADS 5697 95T 1959 Yellow Blue
~268 02 133 +47 26 11 66 STAR 6571 @274 ADS 1709 98T 198C=1.1 @266
269 02 26.1 +87 22 25 46 STAR 4669 @232 ADS 1860 9 ST 1980=2.4 @234
*270 02364 +24 38 83 6.6 STAR 6874 @278 ADS 1982 98T 1973 Yellow pBlue
*271 02427 +03 12 28 36 STAR 3662 @207 ADS 2080 asT 1974 Yeliow:Ashen
*272 03 135 +00 09 11 88 STAR B88S8 @139 ADS 2418 98T 1980=1.0 @144
*273 03170 +3838 8 78 STAR 7983 @259 ADS 2448 9 ST 1980=0.9 @265
*274 03 34.% +80 00 14 6.8 STAR 6876 @261 ADS 2612 88T 198013 @258
*275 03338 +24 26 7 68 STAR 6686.7 @002 ADS 2616 o ST 1980=0.¢ @006
276 03497 42533 4 58 STAR 5882 @211 ADS 2728 8 5T 1980206 @207
277 03536 0250 67 47 STAR 4762 @347 ADS 2850 9ST Fixed
278 04 080 +B0 40 7 55 STAR 5563 @120 ADS 2963 98T 1980=0.8 @103
279 04 06.8 +380 6 74 STAR 7489 @353 ADS 2995 95T 1680=14 @003
*280 04 153 +31 40 7 80 STAR B.08.1 @275 ADS 3082 98T 1880=0.8 @270
281 04 19.7 27 20 496 51 STAR 5.18.5 @496 ADS 3137 98T 1873 YelOra Blue
‘282 04 221 +1502 14 73 STAR 7.385 @352 ADS 3169 8 ST Purple:Blue
*283 05073 +08 28 7 58 STAR 5865 @349 ADS 37114 98T 1980=0.7 @021
284 5 14.0 0812 92 0.2 STAR 0267 @206 ADS 3823 8sT Rigal
*295 05348 +09 56 43 36 STAR 3655 @044 ADS 4179 98T 1959 Yallow Purple
*286 05347 0523 132 51 STAR 546868 ADS 4186 85T Trapszium in M42
~287 08 28.3 07 02 9% 46 STAR 465154 ADS 5107 85T Fixed White Stars
“288 06 453 +5020 17 5.4 STAR 5460 @074 ADS 5400 9 5T 1980=1,7 @079
‘289 06 448 -16 41 45 -15 STAR -1585 @005 ADS 4523 9 ST 1980103 @049
*280 07121 +27 18 13 72 STAR 7272 @316 ADS 5871 98T 1880=1.3 @320 120y
291 07 295 +50 00 8 88 STAR 8888 @195 ADS 6117 as8T 18800 8 @189
202 07339 +3155 30 19 STAR 1.8:29 @073 ADS 6175 eS8T 1980=2 2 @095 420y
283 08118 +1741 6 56 STAR 56860 @182 ADS 6650 98T Yeliow Yellow Blue
204 00204 3914 11 65 STAR 6567 @211 ADS 7307 9 8ST 1980=1.1 @254
‘05 10157 +17 47 14 72 STAR 7275 @191 ADS 7704 88T 1060=1.4 @183
2086 10194 +1054 4 22 STAR 2235 @124 ADS 7724 88T 1880=4.3 @123
207 11177 +31 38 13 43 STAR 4348 @060 ADS 8110 98T 1980=2.9 @105
200 11317 8108 ] 58 STAR 5871 @205 ADS 8197 98T 1980=04 @211
209 12158 +4043 115 59 STAR 3990 @260 ADS 8489 8 ST 1925 Golkd Bhe
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*300 12239 +2539 16 68 STAR 6878 @325 ADS 8539 9 ST 1980=1.5 @326
*301 12260 6302 47 16 STAR 1621 @114 Apha Cru ¢ ST 1943 Write White
+302 12346 +1826 202 52 STAR 5268 @271 ADS 8600 95T 1983 YellowvBhe
<303 12411 o124 30 35 STAR 3535 @287 ADS 8630 e ST 1080-3.0 @297 While
*304 12627 +2118 g8 51 STAR 5172 @194 ADS 8695 95T 19600 8 @175
*305 13235 +5450 144 23 STAR 2340 @15 ADS 8291 ¢ ST 1067
*308 13486  +2702 a4 76 STAR 7680 @167 ADS 9031 9sT 1980=3 4 @150
307 14148 +03 11 12 78 STAR 7879 @239 ADS 9182 9 sT 1980=1 1 @252
*308 14199 +4B33 13 B1 STAR B183 @105 ADS 922% g ST 1980=12 @104 Whie
309 14392 €048 197 00 STAR 0012 @214 Alpha Cen 9ST 1980+21.8 @209
*310 14407 +1347 10 45 STAR 4546 @160 ADS 9343 9ST 1880=1.1 @305 White
311 14445  +2707 28 25 STAR 2550 @339 ADS 9372 9 ST 1871 Orange Groen
312 j4508 41908 70 47 STAR 4769 @326 ADS 9413 gsT Oranga.Blue
313 14510 44458 11 84 STAR B486 @348 ADS 9418 8 ST 1860-1 1 @346
314 15179 +2852 15 73 STAR 7374 @255 ADS 9578 95T 19680=1.4 @250
315 15227 +3020 10 56 STAR 5659 @027 ADS 9617 0 ST 1960=0 4 @321
*316 15241 43723 22 7.0 STAR 7076 @012 ADS 9626 95T 19802 2 @018
317 15343 +1034 30 41 STAR 4152 @179 ADS 9701 8 ST 1960 Yel-Whi:Ashen
318 15390 +3640 63 51 STAR 5150 @305 ADS 9737 9ST 1957
*319 16038 -1120 7 485 STAR 4949 @044 ADS 18908 9 ST 1980=1.2 @021
*320 16143 +3353 69 56 STAR 5666 @235 ADS 9979 8 ST 1980=6.7 @233
*321 16287 -2624 24 09v STAR 0955 @276 ADS 10074 esT Antares Red pGraen
322 16284 +026 17 7.7 STAR 7.7.78 @128 ADS 10075 9 ST 1980=1.4 @136
*322 16304 <0201 15 42 STAR 4252 @022 ADS 10087 esT 1980=1 3 @ 013
*324 16564  +6503 14 7.5 STAR 7.17.3 @069 ADS 10278 gsT 1980=1.3 @069
*325 17051 45429 19 57 STAR 5757 @025 ADS 10345 9ST 1980=1 9 D042
*326 17147  -2635 48 51 STAR 5151 @151 ADS 10417 88T Orange Orange
327 17142  +1424 47 32 STAR 3254 @107 ADS 10418 9 ST 1968 Yatow Plus
“328 17234 3709 40 46 STAR 4655 @316 ADS 10526 B ST 1964
-329 18011 42138 65 5.1 STAR 5152 @258 ADS 10993 ST 1853 YelowpRed
*330 18025 0811 18 52 STAR 5259 @200 ADS 11005 gsT 19801 © $277
*331 18048 +0232 15 42 STAR 4260 @220 ADS 11045 98T Yoit-Ora:Ora
*332 18246 +2723 7 65 STAR 6575 @126 ADS 11334 8 ST 1960=0 7 @120
*333 18354 +1858 16 68 STAR 6870 @156 ADS 11483 9 ST 1680=18 @161
*334 18440 43939 26 50 STAR 506.1 @353 ADS 11635 o sT 1980227 (D355 White
335 18440 43835 24 52 STAR 52535 @00 ADS 11635 9 ST 190025 @084 White
*336 18567 3253 10 54 STAR 5475 @021 ADS 11871 ST 1580=1.1 OS1
337 19057 3704 13 48 STAR 4B5.1 @109 Garoma CrA ¢ 8T 1060=15 @157
*338 19269 42718 20 81 STAR 8184 @292 ADS 12447 9sT 1960=1.8 @208
*339 19303 +2757 344 32 STAR 3254 @054 ADS 12540 gsT 1987 GoldBlue
340 19451 43336 24 83 STAR 8384 @M9 ADS 12880 95T 1960=20 @IET
" 20204 1449 2050 31 STAA 3.1:62 @267 Betx Cap 9 ST YelowShus
342 20461 +1606 88 43 STAR 4352 @260 ADS 14279 9 ST 1907 Gokd-Ooardre:
‘343 20470  +3627 9 482 STAR 4861 @0} ADS 14296 esST Vtiwglihee .
‘344 20586 +04 15 10 60 STAR 8063 285 ADS 14496 9 ST 100011 S:008
345 2101.7 +0708 28 73 STAR 7375 @217 ADS 14556 98y e
*348 21062 +3939 297 S2 STAR 6260 @148 ADS 14638 1Y 1 ProTay
*347 22282 0012 19 43 STAR 4345 @207 ADS 15071 [T - gl .
‘Mg 22278 +57% 33 9@  STAR 98115 @132 ADS 15872 ST . 1S @S Pels
349 22827  +69 5t 4 65 STAR 6570 @09 ADS 16057 sy m-u:z: -
4 58 STAR 5857 @280 ADS 16336 SST . 1900.04 @F
© . 86  STAR VAR 5347 Foms Sigme Oet st




APPENDIX G: MESSIER LIST

MESS#  RA DEC  SIZE MAG TYPE & DESCRIPTION ALTNAME ~ QTAGS  GOMMON NAME/COMMENTS
M1 05339 42201 360 84 PLANNEB EMIS SN REM CNGC 1952 g; s; ::; Eg:lh Nebula dkly
M2 21320 0058 774 65 GLOBCLUS spaF4 CNGC 7089 e Y
M3 13418 2826 072 64v GLOBCLUS sp=F7 CNGCS272  B2ST M3 35Ky
M4 18230 2630 1578 59 GLOB CLUS speGO CNGCE121  B2ST M4 14Ky
M5 15180 40207 1044 5B GLOBCLUS sp=F6 CNGC 5904 B2 ST M5 26Ky
Me 17393 3212 900 42v  OPEN CLUS spsBe CNGC 6405 C1ST MG 1500y
M7 17533 3440 4300 33 OPEN GLUS cp=BS CNGC6475  C1ST M7 800ky
Mo 18025 2423 5400 52 OPEN CLUS + ENEB epeOS CNGC 6523  B6 ST M8 Lagoon Nebula 51001y
M3 17185 1830 558 7o GLOBCLUS CNGC6333 D2ST Mo
M10 16566 0408 908 66y GLOBCLUS sp=Gi CNGC 6254  D2ST  M10 20ky
M1t 18505 0617 840 58 OPEN CLUS 5p-B8 CNGC6705  C1ST  Mt1 Varyrich 5600ly
M12 18466 0156 870 66v GLOBCLUS sp-F8 CNGC 6218 D2ST  MI2 24y
M13 16413 438620 996 5% GLOBCLUS spaF§ CNGC6205  B2ST M3 Hercules Globular
Mi4 17370 0316 702 76v GLOBCLUS CNGC6402 D2ST M4
MI1S 21205 1207 738 64y GLOBCLUS sp<F2 CNGC7078  C2ST M5 X-Ray Source 3akly
M16 18182  .1347 2100 6O0v OPEN CLUS + ENEB sp=O7 CNGCE61t  DBST M6 Eagle Nebula 5500l
W17 18201 811 2780 6O DIFFENEB.OPENCLUS HI  CNGOES18  BEST  mis Omega/Swan/Horseshoe
M18 18193 1708 540 68 OREN CLUS CNGC6613  D1ST  Mis
M1§ 17019 2614 810 72 GLOBCLUS OBLATE CNGC6273  D2ST  M19 Oblate Shape Globular
M2 18037 2302 1740 6 DIFFENEBSOPENCLUS HI  CNGCEStd B ST M20 Trifid Nobula 35001y
M2l 18040 2230 Y80 SO OPEN CLUS CNGC6531  D1ST M2t
M22 18357 2356 1440 61v GLOBCLUS sp=F7 CNGC865  C2ST  M22 1ok
M23 17563 1001 1620 S5 OPEN CLUS ep-Bg CNGC 8484  DTST  M23 1400y
M24 18183 1826 4800 47 OPENCLUS CNGCE630 ¢1 T M24 Best with large field
M25 18328 1014 2400 65 OPEN CLUS SPARSE CNGC 6634 ¢ M25 IC 4725 Sparse Ciuster
M28 18448 0925 900 BOV OPEN CLUS CNGC 6834  D1ST Mg
M27 18501 2241 910 78p PLAN NEB CNGC 6853 B4ST  M27 Dumbbell Nebula 3500l
M28 18239 2453 672 8% GLOBCLUS CNGC 6626  D2ST Mg
M20 20235 .38 420 &6v OPENCLUS CNGCE&013  DI1ST Mg
M 21397 2314 80 75 GLOBGLUS CNGC7000 D2§ M30
M3l 00422 4113 10680 35 GALAXY Sb il UGC 454 BSST  M31 Andromeda Gal 178x63
M32 00422 40490 45 B2 GALAXY E2 UGC 452 C5ST  M32 Compof M31 76x58
M33 01333 43038 3720 57  GALAXY Sl UGC 1117 C5ST  M33 Trangulum Gal 62x39
M3 02413 4244 2100 52v OPENCLUS CNGC 1033  C1ST  mas
M35 06082 42421 1680 5.1v OPENCLUS ep-BS CNGC2168  C1ST  Mas 200y
M3 05355 3408 720 6Ov OPENCLUS CNGC 1960  C1ST M3
M37 05518 492339 1440 56v OPEN CLUS spaBa CNGC2088  C1ST  M37 4200y
M3 05280 .3550 1260 G4v OPEN CLUS sp-bS CNGC 1812 C1ST  Mag 4600y
M3 21318 4823 1920 46 OPENCLUS CNGC 7092  D1ST Mg
Mo 12358 42603 972 98 GALAXY Sbi: +3SYSFNT UGG 7772 BAST  Mdo 162428 Lane
M41 06486  -2045 2280 45 OPEN CLUS spaBd ONGC 2287 C1ST M1 2200y e On an
M4z 05348 0523 3960 38  DIFF ANEB . ENES CNGC 1976 A3ST  M42 Orion Nebula BiugsRed
M43 05350 0516 1200 S8 DIFF RNEB+ ENER CNGC 1982 C3ST M43 Orion Nebulx Extonsion
M4 08394 2002 5700 3w OPENCLUS sp=A0 CNGC 2832 ¢ 18T M44 Praesope/Bachive 590l
:: g:; :? : »fa 05 7200 16 OPEN CLUS + RNEB spsBs CNGC 1457  ¢gST M45 Plelados 410ly
‘1448 1620  61v OPEN CLUS sp-Bg CNGC2437  C1ST  pug t
5400y (+CNGG 2438 P!
M& 07361 1427 1800 44v OPENCLUS spoma CNGC2422  D1ST  M47 600K
: L 0131 0545 3240 58 OPENGLUS CNGC 2548 D ST M48
@ 1222 w0804 534 a4 GALAXY E4 UGC 7629 cs5sT M4Q B.8x7.4
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MON NAME/COMMENTS
MESS#  RA DEC SIZE MAG TYPE & DESCRIPTION ALT NAME  CTAGS coM
D1ST M50
M50 07024 0819 960 59v OPENCLUS CNGC 2323 .
M 51 13205 44715 660 B4 GALAXY Scl 2-SYS FACE UGC 8483 BAST M51 11.0x7.8 Whirpool Gal
M52 23237 +6132 780 68v OPENCLUS CNGC 7654 D1ST :ssg
M53  $3124 41813 756 7™ GLOBCLUS CNGC 5024 D2 sjr' Msa
M54 18545 3029 546 7.7 GLOBCLUS CNGC 8715 D2S
M55 19394 3058 1140 70 GLOBCLUS sp=F5 CNGC 6809 D2sT M55 20Ky
M56 19162 +3009 426 B3v GLOBCLUS CNGC 6779 D2ST MS8
MS57 18531 43301 150 97p PLAN NEB RING-LIKE CNGC 6720 B4 gTT 33; ?‘:9"“‘"1“': 5;36 G 462
M58 12372 +1153 324 98 GALAXY Sb UGC 7796 c5s x4, ar
M59 12415 +1142 306 98 GALAXY E3 UGC 7858 D5ST M59 5.1x3 4 Near CNGC 457
M6o 12431 41137 432 88  GALAXY E1 UGG 7898 D5ST M6D 7.2x6.2 Near CNGC 462
ME1 12214 40432 360 97 GALAXY Sci 2-5YS UGC 7420 DAST M61 6.0x5.5 Face-On
M62 17006 -3007 846 66v GLOBCLUS OBLATE CNGC 6266  D2ST M62 Non-symmetrical
ME3 13453 44206 738 86 GALAXY Sb«ll UGC 8334 C5ST ME3 12.3x7 6 Sunflower Gal
MB4 12562 +2144 558 B85 GALAXY Sb- UGG 8062 C5S8T M64 0.3x5.4 Black Eye Gal
M65 11184 1308 600 93 GALAXY Sblt UGC 6328 CS5ST MES 10.0x3.3 Near M66
MBE 11197 41303 522 90 GALAXY Sbeil: UGC 6346 C5ST M65 8.7x4 4 Near M65
M67 08505 41151 1800 68v OPEN CLUS sp=F2 CNGC 2682 D1ST ME7 Very oid 27001y
Mes 12389 2642 720 82v GLOBCLUS CNGC 4580 D2sT Me8
M6S 18306 3221 426 77v GLOBCLUS CNGC 66837  D2ST ME9
M70 18425 3218 468 B.1v GLOBCLUS CNGC 6681 D2sT M70
M 71 19532  +1845 432 83 GLOBCLUS CNGCE838  D2ST M71
M72 20529 -1235 354 94y GLOBCLUS CNGC 6981 D2ST M72
M73 20584 -1240 168 89%p OPEN CLUS CNGC 6994 D 1ST M73
M74 01361 +1544 612 92 GALAXY Scl UGC 1149 DSST M74 10.2x95
M75 20056 2157 360 86v GLOBCLUS CNGC 8864 D2sT M75
m 7% 01413 4513 20 122  PLAN NEB PART OF 0651 GNGC 0650 C4ST M76 Litthe Dumbbell Nebula
7702421 0004 414 88  GALAXY Shp SEYFERT UGC 2188 D5ST M77 69x5.9
Seylert Galaxy
M78 05462 40003 480 113  DIFF ANEB CNGC 2068 casT M78 Blue 1500ty
M79 05238 -2432 522 B0v GLOBCLUS CNGC 1504 D2sT M79
m » 3: ;jg :g g;! 1:3; 72v  GLOB CLUS CNGC 6083 D257 MB0
Moy s :es G e 6.5  GALAXY Sb Il CNGC 3031 C5ST MB1 257x14.1 Near Ma2
84  GALAXY P EDGE-ON UGC 5322 C5ST M82 11.2x4 6 Exploding
m gi 123 3i : 2048 672 82 GALAXY Sc il FACE-ON CNGC 5236 BSST MB3 11.2x10.2
122 #1257 300 93  GALAXY E9 UGC 7494 C5ST MB4 50x4.4 Near M35
N BET ok G 32 surmess UsTs  casT  was 7use
MO7 12303 +1227 432 o GALAXY E3 UGC 7532 C5ST M88 7.4x5.5
- 6 GALAXY Ei +E0 2.8YS UGC 7654 DAST MB7 7.2x68 + CN
M88 12318 41429 414 95  GALAXY Sbel MULTI-ARM UGC 7675 pP5ST o NGCmn
MB3 12351 +1237 252 08 GALAXY Eo byverey bier ::: :,;xx:: :
M80 12363 41313 570 95  GALAXY She
- UGC 7788 CssST MO0
M9 12349  +1433 324 102 GALAXY SBb + Sc 2-SYS UGC 7753 D AST 9.5x4.7
M92 17168 4309 672 65¢ G MO1 5.4x4.4 Near CNGC 457
v GLOBCLUS gp=F1 CNGC 6341 bazsT Mo
ms 11); ;;. 1 -2351 1320 62v  OPEN CLUS + DNEB CNGC 2447 D&ST mg :‘:ﬂy Source 2eKdy
. +41 i1 660 82 GALAXY Sbyp Ii: UGG nciudes dark nebue
: 7096 CssT MI4 11.009 1
MO5 10434 +1148 444 97 GALAXY S(Bibl
M9% 10482 41153 428 92 GALAXY ip)b JGC Seso cssT
MS7 {1141 48506 184 1200 PLANNES Goctm2  Cs8T
": : 12138 +1458 570 101 GALAXY 8b i 3.§YS u£°7§37 § :i’\-
12182 42 4 08  QALAXY
2 8 8ol NEARFACE-ON UGG 7M5 B58T




MESS# RA

DEC

SIZE

-72 -

TYPE & DESCRIPTION ALT NAME QTAGS COMMON NAME/COMMENTS
M100 12224 1553 414 94 GALAXY Scl FACE-ON UGC 7450 D5ST M100 69x6.2 Brite Nucloys
Mi101 14029 +5425 1814 77 GALAXY Sc! FACE-ON UGC 8981 €58 M101 26 9x26.3 Pinwhee|
M102 15062 +5548 312 100 GALAXY ESp 2-SYS UGC 9723 DAST M102 52x23
M103 01325 46030 360 7.4¢v COPEN CLUS CNGC 0581 D1sT M103
M104 1239.3 1134 534 83  GALAXY Sb- CNGC 4594 C6ST M104 8.9x4 1 “Sombroro®
M105 10473 +12R 270 9.3  GALAXY E1 28YS UGC 5902 CAST M105 45x4.0
M108 12184 TR 1092 83 GALAXY Sbep UGC 7353 C5ST MI106 182x78
mio7 16319 -1301 600 8iv GLOBCLUS CNGC 6171 D2ST M107
M108 11109 5544 498 101 GALAXY Sc NEAR EDGE-ON UGC 6225 C58T M108 83x25 Near M7
M109 11570 +5326 456 9.8  GALAXY S(Bjb+ | UGC 6937 D5ST M109 7.6x49
MU0 00388 +4138 1044 80 GALAXY ES8: UGC 426 G 58T

M110 Comp of M31 17 4.9



