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FROM THE PUBLISHER

For subscription purposes, this is the fourth and final
issue of 1994, It is the sixth issue of Volume 6. 10TA
annual membership dues, including ON and supplements for
U.S.A., Canada, and Mexico $30.00
for all others 35.00

Annual I0TA membership dues may be pad by check
drawn on an American bank, money arder, cash, or by
charge to Visa or MasterCard. If you use Visa or Master-
Card, include your account number, the expiration date, and
your signature,

ON subscription {1 year = 4 issues)

for U.S.A., Canada, and Mexico

tor all others
Single issues are 1/4 of the price shown.
Although they are available ta HOTA members without charge,
nonmembers must pay for these items:

20.00
25.00

Local circumstance (asteroidal appulse) predictions  1.00
Graze limit and profile predictions {per graze) 1.50
Papers explaining the use of the predictions 2.50

Asteroidal occultation supplements will be avallable at
extra cost: for South America via Orlando A. Naranjo
(Unmiversidad de los Andes; Dept. de Fisica; Merida, Vene-
zuela), for Europe via Roland Boninsegna (Rue de M
arembourg, 33; B6381 DOURBES; Belgium) or I0TA/ES
{see below), for southern Africa via M. D. QOverbeek (Box
212 Edenvate 1610; Republic of South Africa), for Australia
and New Zealand via Graham Blow (P.0, Box 2241 ; Welling-
ton, New Zealand), and for Japan via Toshio Hirose (1-13
Shimomaruko 1-chome; Otaku, Tokyo 146, Japan). Supple-
ments for all other areas will be avallable from fim Stamm
{11781 N. Joi Drive; Tucson, AZ 85737; U.S.A.} for $2.50.

Observers from Europe and the British isles should join
IOTA/ES, sending DM 40.- to the account IOTA/ES:
Bartold-Knaust Strasse 8; D-30459 Hannover, Germany;
Postgiro Hannover 555 829 - 303; bank-code-number
{Bankleitzah!) 250 100 30.

IOTA NEWS
David W, Dunham

The main purpose of this issue is to announce I0TA’s
palicy about detailed total occultation predictions tor
1995 and give other prediction news not included in the
last issue, as well as to publish some articles that could
not be included in previous issues. Among the latter gre
important artickes about using the Global Positioning
System (GPS). We thank Andrew Seacord for typing in
WordPertect format the articles that were submitted only
in hardcopy form. Several reduction protiles ot observed
grazing occultations have recently been received by
Robert Sandy. Some of these are included near the end
of this issue, and more will appear in future issues,

ESOP X1 Proceedings: The 13th European Sympo-
stum on Occultation Projects was described on pages
108-110 of the last issue. Proceedings of this interesting
meeting are available; copies can be requested from
Marck  Zawilski and  Blwej  Feret,  e-muil
blzteret@mitr.p.lodz.pl. After receipt of the Proceed-
ings, 4 bank check for $15 should be sent to Zawilski at
UL Julianowska 5/7 M 369; P1.-91473 t.ods, Poland.

x Virginis Graze: Early reports of the December 20th
graze, mentioned on pages [05 and 100 of the last issue,
indicated no evidence of duplicity, but this may have
been caused by glare associated with the smull cusp angle
or, more likely, orbital motion of the secondary star since
the 1988 graze when the duplicity was first noted. The
profile, domimated by perhaps the highest mountin ot the
lunar profile, produced only one D-R pair tor each
observer in the expedition at Wailingtord, CT.

About 10 hours and [0 miles atter the grase, when
we slowed down in heavy traftic on the NI Turnpike. |
heard something on the root of our minivan. We stopped
on the road shoulder and retrieved my TimeKabe, left
from the graze; torwnately, the antenna had wedged in
our root luggage rack.

Next Issue: The main purpose of the next issue will
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be to document FOTA's 1995 planetary and astercidal
occultation predictions, publish Joseph Carroll’s total
occultation tailies for 1981-1985. and tw include a few
other articles and observed grazing occultation profiles
that could not be included in this issue. 1f you have a
contribution for the next issue, the editor should receive
it as soon as possible. The issue will be produced guickly
after data for the 1995 asteroidal appulse predictions are
distributed, and it wili likely be mailed in Jate January.

PRECICTIONS FOR 1995
David W. Dunham

Between producing the last issue of ON and this one,
I sent necessary dita to the national and regional coordi-
nators, and graze computors, o compute and distribute
the lunar total and grazing occultation predictions for
I0TA members. New developments are given below:

Evans Total Occultation Predictions: If you are an
TOTA member and on the 1994 active prediction mailing
list, your "Evans” total lunar occultation predictions for
1995 should have been sent to you by now by your
regional coordinator, 1t you live in North America.
European members of IOTA/ES on the active list should
similarly have received their "Evans™ predictions from
their national or regional coordinator. These predictions
can now he provided by [OTA as a privilege of [OTA
membership (one set of predictions per member),
Everyone with a tow O-code limit is encouraged to
receive their predicoons on diskette or by e-mail. Most
ohservers with photoelectric-option predictions will be
receiving them from ILOC; in mid December, | sent
them diskettes containing those predictions tor 1995 for
that purpose. Observers outside of North America and
nutside of Burope probably already have received 1995
predictions trom [LOC, but the ILOC predictions do not
include many of the teatures of the Evans predictions;
such observers who are JOTA members can obtain these
predictions upon request to their regional coordinator.
Those who are not photoelectric ohservers and not
members of IOTA can purchase Evans predictions from
10TA for the following prices:

other
D-code Canmada MWestern
Limit USA EMexico Hemisphere Europe Others
7-9 $0.50 $0.60 £0.80 $1.00 $1.20
5-6 0.75 0.85 1.25 1.50 1.85
4 1.00 1.10 1.70 2.10 2.60
3 1.60 1.65 2.50 3.40 4.20
2 2.10 2.20 2.90 4.00 5.00
0 3.00 1.00 3.30 4.75 6.00
on disk*  2.00 2.10 3.50 3.50 3.50

* The disk can include 2 O-code limit O predicuons and
OCCLIST, or 3 O-code limit O predictions; sce text
below. It the files can be compressed (zipped), predic-
tions for more stations can be inctuded. Diskettes are
IBM PC-compatible, although Mike Kazmierczak may be
able o provide Macintosh-compatible diskettes.

The cost includes first-class postage in the USA and
airmail postage for other areas, The costs are for a single
set of predictions for one station, Predictions tor addi-
tivnal stations, or copies of predictions tor the same
station, each cost an additional 80% of the listed prices,
tor JOTA members as well as non-members. Payment
should be made in US dollars and sent to cither your
regional coordinator or o 10TA c¢/v Craig and Terri
McManus; see the masthead and FROM THE PUB-
LISHER on p. 123. Coordinators in other countries can
establish rates in the currency of their country.

The coordinators were asked to provide predictions
for at least early January to non-JOTA members to give
them time to buy their predictions, If you are not an
TOTA member and are on the active oceultation list, give
your address code and state that you want Evans total
occultation predictions when you send your renewal, or
upgrade from ON subscriber only to IOTA membership,
to the McManuses; they will then either ask Richard
Wilds to supply your predictions, or notity your coordi-
nator to supply data for the rest of the year. When
possible, the latter will usually be done when possible for
those outside of North America.

Other possibilities tor obtaining predictions include the

following:
® A few coordinators (if not, then 1) can send your
predictions for free by e-mail, provided that you can
receive large, uuencoded ("attached”) files; the predic-
tions for one station with O-code limit © take about 400
kilobytes, or about a third of that for a compressed
(pkzipped) file. T do not have incoming fip access;
possibly some of the other coordinators have that.
® You can request predictions from the International
Lunar Occultation Centre; Geodesy and Geophysics
Division; Hydrographic Department, Tsukiji 3-3-1,
Chuo-ku; Tokvo 104, Japan; Telephone 81-3-35413811
Fax 81-3-35452883; [ILOC does not have e-mail. 1LOC's
predictions do not have many of the features ot the
Evans-program predictions.
e [f you have a 386 or 486-compatible PO, you can
generate your own predictions with the OCCULT
program. See ON 6 (3}, pp. 56-57 tor more information
about QCCULT, and how to obtain it,

Lunar oceultations of major planets are not included
in the Evans-program predictions for 1995, Predictions
for these can now he generated by your regional coordi-



nator using the OCCULT program. Maps showing the
regions of visibility of the few lunar occultations of major
planets during 1995 were published in ON 6 (4), pp. 71
and 72 (September 1994); none of these events will be
visible from the USA| except for an unfavorable daytime
oceultation of Mercury in Alaska on June 26.

The following need to be added to the list of regional
and national coordinators that was published in ON 6 (3),
pp. 55 and 56; since [LOC has already supplied predic-
tivns for these areas, Evans predictions tor 1995 will he
supplied only upon request by them:

Australia and New Zealand (N, T, V, X1 - Peter
Northfield; P.O. Box 234: Strathficld, NSW 2135
Australia

Japan () - Toshio Hirose

Russia. Ukraine, and other tormer Soviet Union (G, R,
XH, XI, XJ, XK, X6, Z3) - Proi. Evgeniy M.
Trunkovsky;  Sternberg  Astronomical  Institute;
Universitetskiy Prospect 13; 119899 Moscow, Russia;
E-mail tem@sal.msk.su

1995 Evans predictions for observers outside of these
areas, and also outside of North America, Europe, and
southeast Asia, will be supplied upon request either hy
Walter Morgan or Richard Wilds.

Many 10TA members have reported accurate geo-
graphical coordinates to I0OTA, but some of them are not
in the Evans total occultation prediction system. They
will be added early in 1995, Observability code and
coordinate forms will be distributed to strt this process.

On December 20, T visited Marie Lukac at the U, S.
Naval Obhservatory to help her package the paper files
that she had accumulated during the approximately 20
years of USNO control of the predictions. The packages
are being sent to the regional coordinators. They include
original correspondence, O-code and station coordinate
forms, annual veritication forms, and some  station
records trom the Royal Greenwich Observatory from
when Ho M Nautical Almanac Office worked with
USNO to compare their station files.

Grazing Ovcuitations: The 1995 profiles with "Profile
with Grazereg-Ver. 3.4, IOTA/ES, E. Riedel" at the
bottom, now sometimes say: "“Cassini-Region Warning,
Profile is not Reliable”, In these cases, the profile should
be tgnored and the ACLPPP profile used instead. If an
ACLPPP profile is not available, it is recommended,
based on previous graze observations, that the following
distances from the predicted limit should he covered:
® Northern-limits: The observations indicate that the true
profile is near the lunar mean limb, not far helow it. The
range should be + 073 to 077 (arc seconds given on the
left side of the profile, with + indicating distance north
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ot the limin),

® Southern-limits, waxing-phase dark limb (WA less than
180): 0" to + 1",

® Southern-limits, waning-phase dark limb (WA greater
than 180): +0"5w + 15,

Whenever you use an ACLPPP protile, you should apply
the corrections given by Wilds on pages 111 and 112 of
the last issue.

For nurthern-limit grazes not in the Cassini region,
one should consuit both the ACLPPP and Grazereg
profiles (it available), since the differences give a better
indication of the true possible error than the usually much
too small error of the star's declination given in the
prediction headings, To he safe, observers in small
expeditions should set up according to the southernmost
of the two protfiles, t reduce the chances of seeing no
oceultation, But it there are many observers, there should
be some coverage of the total range of possible multiple
events indicated by either profile, with at least Zards of
the stations located in the southern half of the range.

Starting with the predictions for 1995, the graze
computors will normally distribute predictions for the
whole year, rather than the previous practice of making
two mailings for predictions for the two halves of the
yedr.

Eherhard Riedel and I will work during the next few
maonths to incorporate  the observed-graze (mainly
Cassini-region) data and corrections now in ACLPPP
into the Grazereg profiles, Also, Reinhold Biichner will
try to reduce available graze observations o obtain
improved corrections,

Asteroidal and Planetary Occultations: The graze
computors will also distribute local circumstance aster-
oidal/planetary appulse predictions for 1995 w 10TA
members sometime in January. We are a little behind on
that, but not nearly as much as we were for 1994, when
the appulse predictions were distributed in July.

ASTEROIDAL OCCULTATION NEWS
David W. Dunham

Finder Scopes: The hardest part about observing
asteroidal occultations is locating the target star with your
elescope. Most telescopes are sold with small tinder
scopes that are tine for locating the Moon (all that's
needed for lunar occultations) and the major planets, but
are quite inadequate for homing in on faint stars in areas
with no bright stars within a main-scope field including
the target star. | recommend a tinder with an aperture of
at least 50 mm. Even better would be one with a 3-inch
aperture, but these normally cost over $300.
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Although 10TA dies not normally endorse any
manufacturer's products, there are cases where we must
name suppliers of products that are uniquely suited o
IOTA's needs. An example is the TimeKube WWV
receiver that used to be sold by Radio Shack, but is no
longer available. Another is Stano Components, which
sells relatively inexpensive image intensifiers. Now 1
want to mention that Black Forest Observatory i Colo-
rado Springs sells 3-inch aperture finder scopes tor only
$49.95, a real bargain for speeding up the process of
locating that faint star. It includes an extension tube tor
straight-through viewing, but does not include a 1'% -inch
eyepiece or mounting brackets, which are not difficult to
obtain elsewhere, Their wlephone is 1-719-495-3828 ) and
ads are on p. 83 of the January 1995 issue of Sky and
Telescope and on p. 13 of the February issue of Astro-
nomy, | called them recently, and they noted that the
objective lenses are not of high optical quality, so they
are unsuitable for high or medium-power eyepieces.
However, they have had no complaints when used with
low-power eyepieces for finder scopes.

Asteraid PRO: Nothing adverse is mentioned in John
Mosley's review of this software described on pages 57
arkl 58 of the January 1995 issue of Sky and Telescope.
But Mosley was an IOTA member for only one year
nearly a decade ago and has relatively little experience
with occultations, ds far as 1 know; | think that there are
many others who could have written a better review. |
gdave d more critical assessment, mentioning Asteroid
PRO’s shortcomings, in ON 5 (4), p. 75 (Sept. 1994).
But I believe that Asteroid PRO would be quite valuable
for serious asteroid observers, such as for its ability,
described by Mosley, to find all asteroids in a certain part
of the sky (such as on a photographic plate) at a given
time. Asteroid PRO is good at finding dozens and even
hundreds of potential asteroidal occultations in a region
per year, but the chances of really seeing these events,
especially the ones not also identified by 10TA, is very
small. T don't know about the software's ability to
support updating predictions from "last-minute” astro-
metry, and don't think that it produces cither local
circumstance appulse predictions or lists of possible
obhservers arranged in "track™ (or distance from the
updated central line} order like IOTA supplics. It's best

to be atfiliated with IOTA so that you can be notitied of

astrometric updates that show an asteroidal oceultation
path has shifted into your region, and can participate in
an organized etfort to cover the event in the best way.
The cost of Asteroid PRO is over five times [OTA's
annual membership. | understand that Asteroid PRO uses
an asteroidal orbital element database that apparently
needs o be updated each year, and [ don't know the cost
of those annual updates.

USE OF GPS RECEIVING DEVICES TO SUPPORT
SOLAR ECLIPSE EXPLDITIONS

Paul Maley, 1OTA and
Chuck Gilbert and Art Fluter, Trimble Navigation

The following constitutes a first attempt to address
[OTA's needs for GPS equipment in the field. It readers
ot this article have any questions that they would like o
see answered either on the material here or new ques-
tions, please e-mail them to Paul Maley at the following
Internet address:
pmaley % jscdob@jesnic. jsc.nasa. gov
[Note added by D. Dunham: After reading this article, 1
had several questions, mainly about how [OTA positional
accuracies might be achieved with less expensive GPS
receivers. The authors' answers to these questions, and
sonwe information about a promising new receiver that
came on the market afier this article was written, are
given in the next articlke. You should read that, since
many of the rules given here are moditied by the new
information. |

Introduction: The International Occultation Timing
Association (I0TA) conducts field expeditions o remote
locations which are often poorly mapped. For solar
eclipse ventures, the worst case accuracy required to
dentity a position in latitude, longitude and altitude is 30
meters in order W properly determine changes in the
polar diameter of the Sun. With the advent of Global
Positioning System (GPS) technology, IOTA expeditions
are now faced with a new way to establish levels of
accuracy that far exceed this minimum requirement. In
order o provide 4 tirst look at GPS methods, the follow-
ing describes some basic uses.

A Primeron the Global Positioning System: The GPS
system is a highly accurate, tast, and 3-dimensional
navigation and positioning system available worldwide,
without any fees, The satellite-based global positioning
system has been in development since the mid-1960s. In
1973, GPS and NAVSTAR (NAVigation Satellite Timing
and Ranging) merged into one program.  Run by the
U.S. Department of Defense (DoD), GPS is now 2 major
navigation aid for all military services.  Civihian use
tollowed closely behind military users and today there are
more civilian users than military in every country ot the
world,

The 24 GPS satellites are in very high orbits of
20, 183km (12,545 miles). Their orbit period is 12 hours,
so any one satellite 1s visible tor approximately 6 hours
every day. Ground stations, all managed by the U.S.
Dol monitor the satellites, and upload orbital prediction
data, clock corrections, and ionospheric models. GPS



works by a process called trilateration where distances
hetween the satellites and the receivers are determined.
Once a receiver obtains signals from at keast 4 satellites,
timing ambiguities are resolved and the distance to the
satellite 18 calculated.  The receiver then transforms this
data into a standard 3D position coordinate.

GPS provides continuous 24 hour, worldwide cover-
age providing latitude, longitude, height, and time. For
civilian users, the accuracy of any one receiver by itself
is about 100m. When any one receiver is used hy itself
to compute positions, this is known as autonomous
positioning. By using a technique called differential
GPS, an accuracy of less than Im can be achieved. By
using more sophisticated carrier-phase receivers and
differennal techniques, an accuracy of 1-2cm can casily
be achieved,

The signals from the sateliites are complex and
broadeast on two frequencies termed Lt and 1.2, The
information on the 1.2 frequency is usually encrypted and
its use desied o civilian users.  Some survey-grade
receivers can make use of these signals. The L1 signal
operdtes at a frequency of 157SMHz with a wavelength
of 19¢m and is not encrypted. It is, however, subjected
to the degradation eftects of Selective Availability or S/A
{explained below). Two parts of the signal may be used
tor positioning: the Coarse Acquisition Code (called C/A
cade ar just vode ) and the carrier signal itself (typically
called phase or carrier ). Older mapping receivers and
many navigation receivers only receive /A code.
Newer mapping receivers and all survey grade receivers
receive C7/A code and carrier, For a variety of technical
TeasONs,  Carrier reveivers can obtain more accurate
positions than receivers using just C/A code.

Two good general hooklets about GPS are GPS - A
Guide to (he Next Utility and Differential GPS Ex-
plained by Jett Hurn. They were published by Trimhle
Navigation; 645 N. Mary Ave.; P.O. Box 3642; Sunny-
vale, Calitornia 94088-3642; phone [-408-48 [-8000.

Autonomous GPS versus Ditferentially Corrected

GPS: A civilian-use, single GPS receiver cannot guaran-
lee aocuracy of less than 100m no matter what the
advertised quality of the unit happens to be, This is true
tor all manutacturers and is because the US government
intentionally degrades the signal of the GPS constellation
so that itis only accurate to 100m 95% of the time. To
improve on this, a technique called ditferential GPS
(DGPS) is used. DGPS reguires the use of two GPS
receivers at the same time. This provides [OTA GPS rule
#1:
Rule #1: To achieve a position in latitude and longitude
hetter than 30m accuracy you must use 2 GPS receivers
-- 4 base station and a rover system -- in combination
with one another.
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One receiver (the base station) must remain stationary
at a tocation of known coordinates. The other receiver
(the rover) can move around to collect data at various
abservation sites. It an observer has only a single GPS
receiver, it may stidl be possible to perform differential
correction.  The only TOTA-usable  single-receiver
solution is to obtain base station data from a GPS base
station operated by another user. At the hase station,
data must be collected at the same time that work is being
done with the rover. It is a sad fact of GPS life that no
single civilian GPS receiver alone can be used to obtain
a position whose accuracy is better than 100m with short
ohservation times,

Differences between Types of GPS Receivers: Not all
GPS receivers, even from the same manufacturer, are
equal. It is important to understand the differences
between the classes of receivers to better understand their
capabilities and their required operations.  In general,
there are three grades of receivers: navigation, map-
ping, and surveying. The general distinction between
these 1s price, their inherent accuracy, and their ability w
receive various components of the GPS signal. Mapping
receivers cost around US$3000, while survey receivers
typically start at $20,000 and can approach $100,000.
Mapping receivers are a natural for the needs of IOTA.
Navigation receivers are usually too inaccurate for IOTA
work because many cannot he ditferentially corrected.
Survey grade receivers are usually too cumbersome,
expensive, and power hungry for the rigors of remote
eclipse watching. Finally, to make matters more confus-
ing, the features of the lower cost mapping units are
beginning to approach that of survey grade instruments.

Survey-grade receivers are carrier phase which uses
the GPS radio wave to achieve the higher level of
precision (centimeter accuracy). Mapping units can
achieve horizontal accuracy ranging from 0.2 - 15m after
differential correction, depending on the manutacturer.
The least expensive systems are accurate only to several
dozen meters.  Under nominal conditions position data
with a 2-5m accuracy may be obtained at eclipse sites
atter differential correction has been applied. Table #1
below summarizes the ditferences between the three
types of systems:

-- TABLE #1 -
Accuracy Accuracy
WITHOUT WITH
Differential Differental
Type Cost Correctian Correction

Not Availahle
02-15m
[-2 ¢m

Navigation Low  100m 95% of time
Mapping Medium 100m 95% of time
Survey High  100m 95% of time
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C/A Code. Verses Carrier Phase Positioning: The
primary difference between the survey-grade and
mapping-grade receives is the type of data the receivers
collect and process. Most mapping receivers including
Trimble's Pathfinder ProXL and GeoExplorer units can
process either code or carrier.

In general, recording carrier data is more accurate
than code data. Code data only provides a position
accuracy from 0.5-5m, after differential correction. By
comparison, recording carrier data (often with the same
receiver) can provide a 0.01-0.30m accuracy. But, this
increased carrier accuracy comes at a price of increased
occupation times. Occupation time is detined as the
length of time the receiver must record data before it
achieves its ultimate accuracy. Most code receivers need
only 1 second for 5Sm accuracy and perhaps as much as
1 hour to reach 2m accuracy. The latest, state-of-the-art
code receivers may require | second for 0.5m and 1 hour
for 0.3m.

By comparison, carrier phase receivers need longer
occupation times with 10 minutes as a minimum. After
the first 10 minutes, the carrier receiver’s accuracy could
be as bad as 30m. The receiver needs this time to
determine the number of wave cycles between itself and
each satellite. The process is called resolving integer
ambiguity. Then, at the end of 10 minutes, a typical
receiver might have a 20% chance of having an accuracy
of <0.01m and a 90% chance of having an accuracy of
<0.30m. At the end of 1 hour, the accuracy might
improve to a 90% chance of being <0.0Im and 10% of
being >0.0lm and <0.30m. Table #2 below summa-
rizes the shortest rover occupation times.

-- TABLE #2 --

GPS Shortest 1 Hour
Receiver Occupation Time  Occupation Time
Type & Accuracy
old Code Receivers 1 second, 5m 1 hour, 2m
New Code Receivers 1 second, 0.5m 1 hour, 0.2m
New Carrier Receivers 10 minutes 1 hour

(Hinimum)

20% <0.01m 90% <0.01m

80% «<0.30m 10%>1cm<30cm

Horizontal Accuracy Versus Vertical Accuracy: In
just about all GPS applications, horizontal accuracy is 2-3
times better than the vertical accuracy. This 1s mostly
due to the lack of a GPS signal from below the horizon.
If horizontal accuracy is 100m, the vertical accuracy
could be between 200 to 300 m. If horizontal accuracy
is lm, then vertical accuracy should he 2 to 3m.

Designers are working on the vertical control prob-
lem. One solution being developed at Stantord Univer-
sity creates extremely accurate vertical control for
aircraft landing applications. They increase the vertical

accuracy by using pseudolites, which are terrestriat GPS
transmitters hroadcasting from a fixed position.

Real-Time Differential. GPS versus Postprocessed
Differential GPS: Differential correction can be accom-
plished in two ways: In real time and by postprocessing.
Both types of system are equally accurate. Real-time
systems are impractical for IOTA expeditions because:
® Real-time systems require a telemetry link between

hase and rover receivers.
® The cost of such 4 link is very high.
® The link requires more power in the field than typically

15 available.

For 10TA applications, postprocessing is the standard
recommended GPS observation method.

GGPS Receiver Compatihility between Manufacturers:
The hardware manufacturers of both the rover and the
hase do not have to be the same. However, they should
he in order to simplify compatibility of postprocessing
software and data tormatting and to insure the probability
of differential correction success. It is usually more
difficult to obtain accurate ditferential correction trom a
mix of receivers from different manufacturers. When
receivers are not the same, the user is forced to use data
in a format that is compatible with both receiver manu-
facturers and with the postprocessing software.  For
[OTA, GPS rule #2 becomes:

Rule #2: Both the base and rover should be manutactured
by the same vendor.

Satellite Sharing by Base and Rover Systems: The
maximum distance between base and rover is a function
of satellite locations and error that can be tolerated. The
same satellites should be tracked by both base and rover.
The restriction (tor all GPS receivers by all manufactur-
ers) is that the satellites used by the rover must be a
subset of those tracked by the base.

Note that there are some receivers on the market
uxlay that are quite primitive by today's design standards.
These receivers are limited by a restriction that exactly
the same satellites must be ohserved at both the base and
raver at exactly the same time. Please avoid using these
types of receivers as successful ditferential correction
will be a rare occurrence.

Setting a parameter called the elevation mask (mask
angle) on hoth units can help assure that the same satel-
lites will be rejected or  tracked as appropriate. The
elevation mask is set so that sateliites low on the horizon
will be rejected.  These satellites are subject to signal
problems due to the longer signal length in the ionosphere
and to ohstructions.  In general, the base’s elevation
mask is set w0 a lower value (typically 107 abuve the
horizon) than the rover’s value (typically 157, That
way, the hase will begin tracking satellites first as they
climb to elevations greater than 107 above the horizon.



However, the rover will begin tracking after the base.
when stizllites rise above 15 0 Note that if the rover uses
a satellite that was not tracked at the base, ditferential
correction will likeby fail. So next rule for using GPS for
IOTA ohservations is:

Rule #3: All saieltites used by the rover must be a subset
of those used by the hase receiver.

Base 0 Rover Distines: Limits: The distance between
the base and rover is called the baseline and the error
which is imposed by separating the two units is lieear.
The error can he characterized as 10 part-per-million
(ppm} of the baseline length. Thus, an 80km baseline
adds an error of about 80cm, while extending the base-
line distence to 500km results in an added error of as
much as Sm. To keep these umavoidable errors w4
minimum. the baselineg distance must be less than 500km
aor 3K miles. This ercor is in addition to other error
sources described below.

Rule #4: A position error of 1.0 cm is imposed tor every
kilometer between hase and rover.

Pushing Haseline Limits bevond 300 km: Under some
circumstances, haseline fengths can be extended beyond
the recommended S00km. This may be necessary in less
developed parts of the world where there are fewer base
sations. However, inorder o do so, you must be aware
ot the factors and tradeotts involved.  Assuming you are
using a receiver with a ditferentially corrected accuracy
of 2 to Sm, that leaves you with a 25 0 28m accuracy
range that can be used in a fonger hase line. For IOTA
use, remember that a +30m accuracy is all that is
needed.  Again, recall that the aceuracy of the baseline
degrades with about 10 ppm of its length. A good rule of
thumb here is you will lose Em of accuracy for every
100km of length. Theoretically then, vou might be able
to extend the baseline length to as much as 2500km and
stifl get your necessary 30m accuracy,

It might work, but vou have to member that the
satellites used by the rovers MUST be 4 subset of the
satellites used by the base. Tu keep the rover watching
a subset of the hase’s satellites, the rule of thumb is o
increase the rtover’s elevation mask 1 in addition to its
usual 15 for every 1Kkm over 500km.  Thus, if you
had 1o push your baseline length o 2500km, you shouid
raise vour eievaton mask by an additional 25 or for a
total of - {157 plus 257). This might work, hut now the
prohlem is that the rover’s view o the sky with a 40
elevation mask, there may not be enough satellites to
obtain a good 1ix, The satellite geometries would he bad
and the position accuracies would he poor.

The only way to think about trying this technigue is to
preplan the survey and use satellire prediction software,
such as Trimble's QuickPlan to view the satellite geome-
ry at the date and #me in question with a high elevation
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misk, For IOTA purposes, the practicat limit of baseline
lengths 38 probably about 1500km, with the rover's
elevation mask set to ) at the extreme length,

Recording Data at the Base and Rover Sues: It the
hase collects data when the rover 1s not and vice versa the
rover data will not he differentially correctable. This
brings up our next rule:

Rule #5: The rover and the base station must collect
position data at the same time,

The general solution -- and one of the easiest w imple-
ment -- is twoset up the hase station over a known point
amd start it recording data BEFORE any data is recorded
by the rover. Continue to record data at the hase untl all
rover ohservations have been completed,  After the base
beging to record data, and assuming one rover unit will
record pokitiong for several observation sites, move the
rover to the first ehservation site. Find a marked spot,
open a Nle on the rover and start recording data. The
longer the recording session the better, but get at least
tive minates of data. Close the tile, and move on to the
next site tor another recording sessian.

Be sure to check the recording capavity ot the both
receivers, but especially the base unit. Remember, a
typical base will record and store in the receiver's
memory about 50-100 Kilobytes (Kb) of satellite data
every hour. Fer tong observation sessions, many GPS
receivers have the capability to record data directly o a
PC via a serial-link.

Selective Availability and GPS Base Stations: The
purpose ot the base site receiver and the later postpro-
cessing session is to eliminate position errars put into the
GPS system by the U.S. Department of Defense as &
security measure. The errors are an intentional signal
degradation called Selective Availahility (S/A). When
S/A s off - rare occurrence these days -- the civilian
(PS code is accurate to 10-15m. The exact operation of
S/A s classified. Tt is thought that the signal is degraded
when the clock error (called dithering) and/or the orbital
element data in the satellite’s ephemeris (Called epsilon)
are intentionally shifted atfecting the receiver's caleulated
position. The most common ohservation of §/A is from
4 stationary receiver where a S/A generated velocity
component can vasily be seen.

Differential correction negittes the etfect of 8/A. The
base site receiver -- which occupies a known location
during the entire observation session -- computes the
errors assoctated with every satelhte measurement it
receives. Once determined, these errors can be applied
to rover data and in this way the ecrors in that unit can he
removed. Other GPS error sources include atmospheric
and ionospheric errors, satellite clock, and orbital errors,

A hase station must be able to track all the satellites
that will be used by all of the rover units.  In practical
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terms, this means the base station receiver must be able
to observe all satetlites in view, typically between 8 and
10 satellites. If the base unit cannot track all the satellites
used by the rover, the ditferential correction will proba-
bly fail due to roving units tracking satellises that were
not tracked by the base.

Obtaining Base Station Correction Information: Base
station locations must be known very accurately. Any
position error in the hase’s coordinate will be transmitted
in its entirety to the coordinates of the rover units. The
easiest way to obtain base data is to run your own.
However, if you don’t have your own base unit, you may
be able to obtain base data from government agencies,
consulting companies and universities provided you can
tind one within the appropriate distance. Another possi-
bility is 0 call GPS manufacturers. Some manufacturers
may know about sources of hase data near your work
area. Fees are charged by some sources on an hourly or
daily basis ranging trom as little as US$10 per hour to
US$400 per day.

The US Coast Guard is set to provide beacon trans-
mitters from 283.5 to 325Khz with ranges from 160-
500km some time in 1996 as part of & program to provide
differentially corrected GPS accuracies in all harbor
approach areas of the USA. A nearly identical beacon
systern is being set up in Europe. These transmissions are
receivable at no charge but you need a radio beacon
receiver W accompany the GPS receiver (cost is $3000 or
less). A power source is also mandated that will power
both beacon receiver and GPS receiver. The primary
problem is that unless eclipse expeditions are within
320km of the coastline the use of the beacons is impracti-
cal for IOTA,

Accuracy versus Occupation Time for Rover GPS
Units: Occupation times at an eclipse site can vary, In
most cases, the correct answer is that the more data that
is taken, the higher the precision. For IOTA purposes our
expeditions usually do not remain at an eclipse {rover)
site for more than a few hours and most sites are never
revisited it located very far from the observer's home
town. The location of both base and rover would gener-
ally not be known to the required level of precision.

Assuming that S/A remains approximately constant,
the averaging assumptions will probably hoid true. Be
aware that S/A is not random and cannot be predicted
statistically.  You cannot expect that averaging will
negate its ettects. One can also see how using a cheap
hand-held navigation type receiver and simply copying
down each position as it appears on the screen instead of
storing them in a file is tme consuming and would
require hundreds of positions to average. This demon-
strates in practical terms why a navigation receiver
cannot be used by IOTA, in addition to its Jack of DGPS

capability.

Guidelines for Qccupation Times: The question on
how long data needs to be taken requires a two part
answer. The tollowing tips are guidelines and not abso-
lute rules. If the base site is known (that s, its coordi-
nates are already known to either centimeter or meter
accuracy) then the base site should take data for about
two minutes and the rover can take data simultaneously
for the same length of time. If the hase and rover sites
are hoth unknown, the problem is different,

Since most 10TA expeditions involve 2 unknown
sites, the rover site position can only be known to the
same level of accuracy as the base. Assuming an average
S/A about 10 hours of base data is the minimum required
to achieve 30m accuracy assuming an average S/A be-
tween the best and worst case curves, The GPS receiver
must continuously operate and record data tor 10 consec-
utive hours. The rover can take data for a few minutes
and after the post processing phase the same level of
accuracy as the base will be obtained. This brings up rule
#O:

Rule #6: For hoth an unknown base and an unknown
rover site a minimum of 10 consecutive hours of data
must be taken at the base site.

When you don’t do differential correction and you
only have one receiver o work with, the data contidence
can range from 8 to 53 meters with 95% confidence in
the first two hours of data collection. Tf you can find out
the pertormance of @ known base station during that same
period, you can tind out if the GPS signal was gravitating
toward the worst case or best case S/A. Remember, the
abjective 1s o stay within 30m or less. To know when
S/A was on the date you took eclipse data, find a base
site at a known location and get copies of their base files
along with the true coordinates ot that site. S/A is the
same everywhere in the world at any given time. For
example, on 10 May 1994 S/A was within 50m for | sec
of data collected and within 23m for | hour's worth of
data. Since a known base site was used to correct the
rover data and differential correction was applied, the
true level of accuracy was found to be within 4.5m,

Provided the observation site is a rover site, the length

of ime te achieve sub-meter accuracy is on the order of
I second with C/A code-based receivers, and 10-20
minutes with a carrier based receiver (survey grade
instrument). This means the much more accurate units
(0.01-0.02m accuracy) takes much longer site occupation
times to achieve this level of accuracy. For I0TA
purposes, our next rule is:
Rule #7: Mapping grade GPS C/A code receivers are the
minimum type of GPS units acceptable for IOTA work.
{The cheap $500. navigation models are not accept-
able!!),



Data taken by P. Maley at Lenexa, Kansas USA on
10 May 194 at the annular eclipse was obtained with a
Trimble Navigation GPS Pathfinder Basic Plus receiver.
Data were collected tor two 18-minute periods. The data
were then differentially corrected with a data station
500km away in Chicago, Illinois using Trimble's ditfer-
ential processing software, PFINDER Version 2.5.0.
The data were averaged and the two files agreed to
within 4. 5m. From the individual quality of the base and
rover data, itis believed that the worst case error in the
averaged posifion is about 7m. The typical accuracy of
the receiver used is about 2m plus Sm accumulated
potential eftort due to the 500km baseline length.

These results are an example of a representative
analysis of 4 particular set of data at a point in time.
Readers who use GPS will experience uniquely differing
situations and should endeavor to understand the post
processing requirements and interpretation ot such data.
One advantage of carrier based units is that their initial
precision should be far superior 1o that of the C/A code
receivers.

Working with Weak GPS Signals: Sites that have
unobstructed horizons are ideal for GPS units. But when
venturing into jungle or forest canopies it is important to
note that the 13575MHz signal (a4 wavelengih of 19¢m)
generated by the satellites are very weak--about 100
times weaker than the background radiation at that
frequency. The signais are easily obstructed or corrupted
by reflected signals.

Leaves can attenuate the signals and solid metal
objects block them entirely.  GPS signals cannot go
through soiid wood more than a few ¢m thick, and a
typical obstruction that the signals fail to pass through is
a chain link fence since those openings are very small,
A nearby branch may pose more of an obstruction than
a larger distant tree trunk. The greater the density of a
Jungle canopy, the worse the reception of GPS signals.

Another GPS problem is caused by the reception of
reflected signals off large metal objects.  Although the
19cm GPS signals can penetrate metal objects that have
openings at least 19cem in diameter, most large metal
objects play havoc with the signals because of a phenom-
enon called multipathing. Multipathing typically occurs
when the receiver is operated near objects that can retlect
the GPS signals. The best rule of thumb for GPS work
i 10 stay as far away as possible from reflecting metal
ohjects such as roofs and metal sided buildings.

Twa ather common reception problems are tripods
and the ohserver’s head. Setting up the observation
telescope and its wipod right aver the GPS unit will
prohably obscure satellite signals. A similar effect
occurs when the vhserver bends over a ground mounted
receiver o wee what’s going on, The best way to use the
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receiver 1s 0 mount it conveniently at eye level on its
own tripod. If necessary, mark the GPS position with &
stake and then medsure offsets and hearings to each
instrument with a tape measure.

Operations under a Jungle or Forest ¥egetation
Canopy: If you are having or suspect reception problems,
the degradation of satellite signals can be monitored by a
signal strength display on most GPS units. On most
receivers, a high value is good; a low value is bad, One
way (o increase signal level may be to elevale an external
antenna {each unit typically has an internal antenna) high
in the air on a pole (called a range pole).

Since most receivers are battery operated, it is also
important o know how long a unit can operate tfrom a
battery set. It is advisable to carry at least one backup set
of batteries. A typical operating time is about 8 hours on
one set for @ unit consuming tfrom 2-3 watts. If you need
to take 10 hours of data and the battery fails atter 6 hours
the file is automatically saved. You need to begin with a
fresh battery and new file initiated which will record for
another 4 hours to achieve the minimum level of 1)
hours.

Checking Received GPS Data: How do you know that
the rover data are valid before you depart the eclipse
site? We define an eclipse site as a rover site here.
About the only way to be sure is to perform real-time
differential correction, or to postprocess on site with a
laptop computer. When properly collected, GPS data are
rarely of poor quality. So, if real-time GPS is not used
and a laptop computer not available, one has to leave the
site with receiver files stored in memory with data taken
over the most feasible time and hope for the best,

It heing chased by headhunters or hungry crocodiles,
one second should be enough data for an accurate
position at the eclipse (rover) site.  While most GPS
receivers are rugged and probably crocodile-resistant and
should pass through with little damage, no warranty is
made about the GPS operator,

Postprocessing GPS Data after the Eclipse: After an
eclipse receiver data can be downloaded from both the
base and rover units. Correction data are stored at the
base and special software is applicd to the files after they
are downloaded w a PC or workstation,  Software varies
from one vendor to another. Some packages can apply
aceurate correction only if the rover is stationary. Most
GPS receivers for FOTA applications are C/A code
(mapping grade} recervers, They tend to perform better
than carrier phase (survey type) receivers under trees and
also are more portable. Some manufacturers Jo not have
software to perform post processing. So our next rule:
Rule #8: Prior to selecting GPS base and rover units, be
sure postprocessing software is available and that you
have access to it!
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RINEX Standard GPS Data Format: One standard in
the GPS industry is the Receiver INdependent EXchange
(RINEX). RINEX stores 3 types of data files: observa-
tions (GPS time, carrier phase, and satellite pseudo
ranges), mavigation (orhit details from each satellite), and
meteorological (site specific meteorological details).
RINEX is used only for postprocessing data. But,
unfortunately, RINEX is not without problems,

RINEX theoretically lets data received by various
GPS manufacturers be stored in a commoen fuormat.
However, in some cases the RINEX format used by one
company is not completely compatible with that of
another. I you plan on using RINEX data from one
manufacturer, make sure it is compatible with the
RINEX or postpracessing software of the roving re-
ceiver.

Although RINEX is & format used for data inter-
change, the manufacturer-specific formats are better
suited to differential correction post processing. RINEX
is an ASCII-hased file and is not as space-ctficient as
many manufacturer’s binary formats, For example, if a
base station records all satellites in view at a rate of one-
per-second, the RINEX base file for a single 10-hour
work day requires 16 megabytes of disk space. Data tor
the same period in a manufacturer-specitic furmat could
require less than 1.4 megabytes--asily fitting onto a
floppy diskette.

Using. GPS t Navigate to the Limits of the Eclipse
Path: TOTA and USNO produce detailed predictions at
various longitudes which define the limb corrected
northern and southern limit lines for eclipse paths. The
GPS receiver, used in a navigation mode, can maximize
the utility of such data as never before.

Coordinates of the eclipse limit line(s)can be manually
entered into the receiver tor selected geographic locations
50 that a user can navigate relative to the limit without
needing anything but a very coarse map (or no map at
all). The typical procedure to navigate 1o the limit line is
1o first store waypoints a degree of longitude apart. The
number of waypoints that can be entered varies with
manufacturer and model; Trimble’s mapping receivers
can have up to 999 waypoints. Each waypaint is identi-
fied by number, an optional name, a latitude and a
longitude.

A pair of waypoints are selected; one is designated
FROM and the other TO. The receiver then aulomati-
cally calculates an imaginary line called the desired path
between the two points. When the receiver beging to
calculate real-time positions, it does so relative to the
desired path hetween the two waypoints.  Again, in real-
time, the receiver caleulates the oftset distance between
the current position and the desired path and displays it as
a cross-track error distance, usually in units of kilometers

or miles. By using this technique, one can navigate to any
required offset between the interior and exterior bound-
aries of the limit to an accuracy ot about 100m, the best
that can he done with S§/A.

Remember that this is navigational accuracy for the
purpose of setting up individual observing sites. As long
as there i a base station elsewhere continually recording
data, once arriving at the site, the bare minimum time ftor
salistactory positional readings is a few seconds with at
least 4 satellites being received It is recommended that
at least 5 to 10 minutes of data be received if time
permits. I in doubt, get more data.  One wonderfui
feature about GPS is that you can return to a site days,
months or years after the eclipse and resurvey the
pasitions. This applics even to very old eclipses such as
that in the 18th century analyzed earlier by IOTA.

Final GPS Tools: A Notchook and a Pencil: Good
surveying and mapping practices require a recording
notehook for each observation session, You should too.
Use the notebook to record lots ot different information.
Here is just some of the information that should be
recorded:
® A listing of all the waypoints used.
® Driving directions or locations of all the observation
sites.

e A rough map of the observation and base station
locations.

® The name of the base station file, if known.

® The name and a description of each rover site.

® The rover tile name for each observation site,

® The GPS receiver's manufacturer, model number,
serial pumber, and firmware number and revision, if
known,

® Contact information for third-party base station data
including name, phone, base station manufacturer,
software used and revision,

® It you are using a laptop computer o postprocess on
site, listings of the AUTOEXEC.BAT and the
CONFIG.SYS files,

® The postprocessing software used, its number and
revision,

® The names of everyone on the eclipse team.

The notebook arxl its information becomes invaluable
when you are trying to remember which file was sup-
posed to go with which site, at what ime. In case of
postprocessing problems, it can help with data recovery.

Summary: GPS is offering IOTA and its members
some significant benefits: help in navigating to observa-
tion sites, and increased precision in Jetermining the
coordinates of observation sites.  Like any precision tool,
its limits must be understood before deriving its maxi-
mum henefits,  Once used, the benefits of GPS position-
ing will continue to payott into the future.



MORE ON GGPS
David W Dunham, Chuck Gilbert, and Paul Maley

After reading the above article, PDunham bad several
questions about how TOTA accuracies might really he
achieved using GPS. The questions, answered by Gilbert
at Trimhie Navigation, were relayed by Paul Maley on
October dth. Fach guestion is given helow, tallowed by
the answer.

Question 1. The arocle notes that 10 hours of data are
needed by the hase station receiver to establish the base
station’s position te JOTA's accuracy ...

Answer: [ don't think that the word"needed” is correct

in the context of the sentence above. The nature of

Selective: Availability is such that the position wanders
continuoasty ~vith the posifions within 100 meters of truth
al least 5% of the time. A certain percentage of your
positions are already within 30 meters (the TOTA require-
meat). When this is true (e.g. when you are lucky), a nne
sceotnd oevupaton will suffice.

tintortunately it is not possible o know when you are
so tucky. Therefore itis really an issue of | "How long
do Dhave to stay inorder to be "reasonably certain’ that
the aversge is within 30m?" and "How severe is the
penalty 11 [ am not within 30 meters?”

Becaww Tde not know how athers define ‘reasonahly
certain’ (057 6R%?, 05%7. 99.999%7) T am reduced
o making ridiculously conservative estimates such as "10
hour<™. (Fspecially for a venue that will certainly see
wide pubdication.) Afler 1 10 hour occupation, | am
willing w0 say that Tam 100% certain that your average
will ALWAYS he well within 30 meters, Personally, |
expect it yon would usually be within 30 meters after
only 30 minutes. Is "usually” good enough for your
application? Only you can answer that question, How
severe wiii the penalties be it you occasionally miss?
tburther on thas added by D, Dunham, after discussion
with Tom Van Flandern: More than 30 minutes is
desirabl - since the S/A is different with ditferent
satedlies. So 4 variety of combinations of satellites should
be sampled to be reasonabiy certain that the S/A etfects
will average cut. Since the satellites' period is 12 hours,
that much tirw: would surely sample all possible combin-
ations Buf i reasenable fraction of s, for example, 4
hours, should pive suttficient variety. If possible, it would
he usetul w record data for two or three hours, and then
recard daty again about six hours (or [2Zh + 6h = 18h)
later. when difterent satellites are above the horizon,
With the GPS receivers that we now have | we plan some
ticld tests und will report the results in g future issue; for
now, cwe thisk that 4 hours s a reasonable time for
collecting data. The data do not have to be collected
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frequently; recording at 1-second intervals would soon
create very farge files. Recording at 15-second intervals
should he suftictng ]

Ouestion 2: It seems to me that any GPS receiver that
can receive and record the signals from at least 4 satel-
lites for this amonnt ot time could achieve the necessary
accuracy, without even the need for base-rover DGPS,
Answer: The above is true.

Question 3: The disadvantage is that each site needs

to he accupied tor 10 hours [4 hours is probably sutfi-
clent, see question | above], but thit may be worth it if
a cheaper receiver can be used.,
Answer: Ayain, you can probably get by with much less
than 10 hours. 1t is all a function of your personal
comtort level. It this lower cost route is the most appeal-
ing o you then [ woull suggest either a Scout. a Flight-
mate, or an Ensign GPS receiver. Al three of these can
be found from $BO0-$1000 dollars in stores like REI,
marine shops. and catalogs,

It is important © noke that there is litde benefit to
“guessing” at the reference position of 4 base, then using
that base for a differential correction, Remember that
the “differentiatly corrected” data have only relative
aceuracy. Relative to the hase location that was provided
for the ditferemtial correction.

Question 4: [t one of the mapping receivers, such as
the Trimble GeoExplorer, is used as a base, would it be
possible 10 getaceurate-cnough DGPS data using them in
conjunction with the Magellan 3000 DX? That is, can
the dat collected by both units be post-processed to get
DGPS resulis?

Answer: No. The S000DX is not capable of storing data
for post processing

Question 5: Does the Trimble Ensign XL also have

these teatures, and would its cost and/or better compati-
bility with GeoExplorer receivers give it some advan-
taye?
Answer: Noo The Ensign is simtlar (o the 5000DX in
capability but superior in terms of performance. (By
perforniance | refer o speed, ability to work under trees,
lower price, "time to first 1x”, and other similar proper-
ties.)

Question 6 Do the /A errors translate into the same
geographical position errors when the same 4 GPS
satellites are used with ditferent receivers? Tt seems to
me that they would, at least 100 IOTA accuracies. Then,
itseems to me that the position of a rover stte might even
be recorded, or just written down, at a specific time with
the 4 GPS satellites used tor determining the position also
noted.

Answer: Absolutely correct.

Question 7: Then, the data tor those 4 satellites

received by the hase station at that time could be used to
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determine the base station's position with the same error
as the rover site. ‘The ditterence of the observed base
station position minus its accurately-known (tfrom 10
hours of data, or from prior geodetic survey knowledge)
could be applied to the ohserved rover position. Couldn’™
then even cheap navigauon recervers be used at the rover
sites?

Answer: Yes. Absolutely. As long as vou don’t mind the
inconvenience of doing GPS with paper and pencil. Also
vou must be very careful ihat bise and rover(s) are using
PRECISELY the same satellites at precisely the same
time. Be sure to think ahead about how you plan to
ensure that the receivers are all choosing the same set of
satellites simultancously. This is not & new idea. In
general, it works well as Jong as you have:

I} continuous communication between all ot the parties
involved so that they can speak in “real-time” (They must
be able to communicate things like, "Right now ['m uxing
satelites [, 13,23, 17, amd Y. Which ones are you using
now?™)

2} receivers that ALT allow users to manually disable
individual satellites so that they can force o specific
receiver to track a specitic set of satellites that somebody
else is using. ..

3) you are able o tolerate the additional errors from
occasionally using the “less than opimum set of satel-
lites" hecause "the best et ot satellites was not "common’
hetween receivers.

4y tolerance for the nevitable fatlures that will oceur
when one receiver simply cannot see a certain satellite
that is absoluteiy required by the other receiver. This is
a very commnn occurrence 1 any of the observation sites
have any sky ohstructions; such as mountains, trees,
buildings, canyon walls or clitts, ete.

Cuestion 8 Would the acceuracies be improved if this

were done § or 10 times rather than once, over a period
of an hour or more?
Answer: Pronably no appreciable improvement. The
accuracy trom one observation would probably be better
than 10 mewers, Subsequent ohservations would have a
similar aceura

Question Y OF course. the base site would need a

mapping-type receiver recording all of the observable
GPS satellites.
Answer: ln order to dependably record all observable
satellites requires a minimum of 12 channels. (On brief,
rare ocasions, even 12 isn't quite enough.) A hase that
can rack wp o ¥ satelline will work i you plan your work
ahead of time,

Question 10: In the article, vou mention multipath
errors and the need to avord large metal-sided buildings.
A car parked too close to the receiver would also cause
such errors, Tywould think, How far from the receiver

should the car be parked to avoid this problem
Answer: A car that is [U-15 meters away sl probabhy
not pose any significant problems. Given die muoci e
significant problem of the unkoown referenee veesdeat
I wouldn't worry about this too much, Widhow o
glass building, T doubt that multipath will hurt visu pwck
There should be ne problem if the receiver 18 mowited on
top of the car, since the car's roughly conves shaper will
retlect the signals away, and even 1 theie were some
multipath, the distances involved would he wee b under the
[OTA reguirement.

Question 11: GPS receivers can obtun 1T
more accurately than any foreseeable TOTA requirement,
which [ would say would he one millisecond. it wouid be
valuahle 1t a GPS receiver intertace could he orup 1o
provide audible WWV-like tme signais aadoor a
video-recordable time display. Do you o the peogle
Trimble know of any such planoed or existing otertace!?
Answer: Already done. T you call 1-408-3481-7704 you
will reach an automated faxback system, Ask tor citalog
three. One of the documents avanlable inthe cotalogr sou
detailed description of the video mterface.. AL o the
tirme code, the mapping receivers are all carable of
generating and ontputing a very stable 1 pulse per seeond
(PPS) signal, Typically the Tower cost receivers will
provide this... Be aware, by the way, of e 9 second
offset {or 1s it 10 sec, now?) between GPS time and
UTC. Thisis due to occasional feap secords to U'TC,
Some recervers output UTC) but suome give GFS ume.

Question 12 Finally, [ wonder 1F some arrungement
to rent the expensive units, rather than duy them, meght
he worked out for eclipse trips, especially it my tdeas
above are impractical or won't work,

Answer: Many of the distributors who sell eguiposen:
offer rental programs,. Some even offer “rentoe o
deals!

Well, David (and Paul too), I hope this into helps, |
think that you are on the right track. Your idcas are
sound and 1 think that the lower cost equipnent, such as
a Scout or an Ensign, could be used vreanvedy ue obtain
the 30 meter accuracy you require. The trade o would
be for convenience and flexibility tconsidering umie
condes, ete.). Cheers, Chuck
IRelayed by Paul Maley, 1994 Oct. 4]

The toHowing is from Mark Truehlood:

I, Concerning question 6 above: The numbers genryned
by & GPS receiver usually are not the resulr 08 b
geometric caleulation. Tostead, tiey are o csomate
cencrated by a complex algorithm that s not the vime n
all receivers trom ditferent manufacturers. [t1s highiy
likely they will agree for the samwe 4 soelline s witin
TIOTA accuracy needs, but not puaranteed. Dittero
receivers track different numbers of satelbines - g

nun



TRAXAR tracks 6 ata time,

2. The paper suggested that cheap, hand-held GPS
receivers could not be used to record data. My TRAX-
AR has an RS8-232 port that could be connected to a
notebook computer and used to record positions and
times, as well as the satellites used in the position esti-
mate.

3. Tuse my GPS receiver inside a large metal van with
an external antenna on wp of the van, While multipath
signals can introduce errors, this effect may be a bit
overrated in the paper.

4. Although it is possible to pet "GPS" time from a GPS
receiver, often this is an extra-cost option. Al the
recetvers 1 own or have used put out GTC, The GPS
signal containg the offset between UTC and GPS time,
and almost all receivers use this to generate UTC,

New PC-based GPS Receiver: Tom Van Flandern,
Meta Research, purchased two GPS receivers, one that
he used at his Eclipse Edge expedition site near the
southern limit south at Codpa, Chile, on Nov. 3, and the
other which Dunham used at his northern-limit site in
Bolivia. Itis a new model, PV6-EVAL., by Motorola,
which seems o have the main features (recording for
post-processing the signals of six observable saellites) of
mapping receivers dike the Trimble GeoExplorer, but
with a price of about $1200 each. The unit is small, like
many of the navigation receivers, but works with a laptop
PC through a serial port, using the PC keyboard and
display for control and its memory (and/or disk drive) for
data recurding {its reliance un the PC permits the lower
cost). Tom saw one of the units demonstrated at the US.
Naval Observatory in early October. Presumably, the
recorded date will not he in a format compatible with the
GeoExplorer data and post-processing software, But we
hope that the post-processing software for hoth units witl
enable positions to be calculated at the same specitied
times and with the same specitied set of satellites, in
which case, it should be possible to calculate difterential
positions o [Om or better, at least well within IOTA's
requirement of Jess than 30m. Of course, this assumesy
that data are recorded simultaneously by both units.

Mark Trueblood commented on the PVO-EVAL: It's
interesting that Motorola used the serial port instead ot 4
PCMUCIA interface. That means they used the guts of the
Traxar (which has a serial output) for this new box, and
developed their software based on the National Marine
Electronics Associtation (NMEA) standard (of which |
have a copy, if you need i),

Data were successtully collected at both sites with the
PVO-EVAL units at simultaneous agreed-upon tines for
three hours around the eclipse. One prohlem with the
units is that they do not display the satellite ranges, as
they are advertised to do. It is not obvious how, or it the
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distance from a desired line ot position can be determined
without external caleulations. We have not yet done the
postprocessing. We will describe the results of that in a
future article.

OBSERVATION REPORT: APPULSE OF
PERIODIC COMET SCHWASSMAN-
WACHMANN-1 TO GSC 1918 0124

hy Roger Venable

Introduction:  Periodic comet Schwassman-Wach-
mann 1, a large comet in a relatively circular orbit
hetween the orbits of Jupiter and Saturn, is too taint to be
seen visually with most telescopes. As seen from Earth,
the comet passed close to two stars in early 1994: GSC
1918 0124 on January 20 and GSC 1904 0003 on Febru-
ary 10. The author observed the former appulse visually
by recording the changes in the visual magnitude of the
star durtng the appulse. Weather did not permit observa-
tion of the second appulse.

Methods:  The prediction used tor the appulse was
published in the 1994 Asteroidal Occultation Supple-
ment for North American Observers. The prediction
data made possible the identitication of the appulse star,
Comparison stars were found within the same telescopic
tield of view as the appulse star using the Guide Star
Catafog [Guide, Version 2, (CD ROM), Project Pluto,
Biwdoinham, Maine, 1993]. The telescope was a 40 cm
German mount Newtonian with a focal length of 1800
cm, used at 144 magnitications, with a drive.  Visual
magnitude estimates and WWV time signals were te-
corded with a tape recorder. A magnitude estimate was
made approximately every sixty seconds during the time
of observation, from a site at longitude 82 03'W,
latitude 33 29'N,

Results: The compartson stars were of (photographic)
magnitudes [1.1 (GSC 1918 0405}, 11.2 (GSC 1918
0211, and [1.3 (GSC 1918 0160). The appulse star
(GSC 1918 0124) is of (photographic) magnitude 10.9.
Careful comparizon of the apparent brightness of the four
stars revedled that their relative visual brightnesses
corresponded very well, and in the same ordinal se-
quence, to their published photographic  brightnesses.
The appulse star was only 14 degrees from the zenith at
the time ot the appulse. The naked-eye limiting magni-
tude was about 4.5, and the limiting magnitude in the
telescopic tield of view was about 14,3, These limiting
magnitudes were due to light pollution from the urban
surroundings. No clouds or haze were seen or suspected.
The seeing was estimated at 1.5 are seconds. Comet
Schwassman-Wachmann | was predicted to be at a visual
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magnitude of 19.7 and was not directly visible,

The star appeared to dim slightly, with a maximum
decline of 0.2 magnitude, and this dimming occurred in
two or three phases. Figure | is a graph of the magni-
tude estimates versus ime. Figure 2 is a graph of the
running median of three estimates, each estimate taken
with the immediately preceding and tollowing estimates.
The mean of the 27 observations prior o 0544 UTC is
10.9, with a standard error of measurement of 0.03
magnitudes. Thus, the two tadings of 0.2 magnitudes
represent deviations from the mean baseline of about six
times the standard error. A Wilcoxon test for pair
differences, comparing the 12 observations of the event
from 0544 through 0555 UTC versus 12 observations that
immediately preceded the event, yields a significance
level of p = 0.01, one-tailed.

The time of closest approach of the comet to GSC
1918 0124 cannot be precisely determined, but would
appear to be within a few minutes of 0550 UTC. This
should be compared to the predicted time of closest
approach of about 0551:35 for the vbserver's location.

Discussion: With a magnitude variation as slight as
that detected here, one can question whether any change
actually occurred. However, the technique of continuous
observing allowed ample time to carefully consider
magnitudes and the possibility of illusion.  Using compar-
ison stars both dimmer than and brighter than the index
star would have been better, but the comparison stars
available were quite good for this particular ohservation.
The low standard error of measurement is consistent with
this fortunate proximity of closely matched comparison
stars. The perceived change in magnitude occurred at
the correct time to correspond to the predicted appulse.
The running median, the comparison of the standard
error with the amplitude of the perceived variation at the
time of the event, and the Wilcoxon test for pair difter-
ences all suggest that the variation in magnitude is real.
It is thus likely that the observed magnitude variation was
indeed caused by the obscuration of the star's light by the
comet's coma.

It is common for a bright comet t pass close enough
to a faint star that its coma or tail will pass in front of the
star. At such times, visual estimation ot changes in the
star’s magnitude is hampered by the effect that the
surrounding nebulosity has on the estimate. The present
observation was not so hampered, because the comet was
100 faint to be seen.

The images of Halley's comet taken by the Giotto
spacecraft reveal that the gas and dust released from the
comet emanate from active areas of the surtace, rather
than from the entire surface of the comet (Whipple,
S&T, 73 (3). pp 242-245, March, 1987). Digitally-
processed, high-contrast telescopic images of comets

reveal the comae to have spoke-like radial features
consistent with streams of material being emitted from
active regions on the surface of the nuclkeus rather than
trom the entire surface of the nucleus (Bortle, S&T, 86
(1), pp 107-109,July, 1993). The biphasic dimming in
the appulse reported here could have been the result of
the obscuration of the star's light by two successive
streams of material in the coma of the passing comet. If
so, the character of this distant comet may be much like
that of brighter comets that have heen observed nearer to
the Sun.

It ts possible that future observations of appulses made
by this and other distant comets may prove to he interest-
ing. Magnitude measurements made using CCD's would
have greater validity and reliability than visual observa-
tions such as reported here.

HOW TO OBSERVE 300 GRAZING
OCCULTATIONS WITHOUT HARDLY TRYING

Harold Povenmire

In 1963, S&T published a map showing where the
path of the grazing occultations of the star ¢ Tauri would
be visible. I noticed that the path would pass very close
to the Perkins Observatory near Delaware, Ohio. On the
evening of October 8, 1 went there and set up to observe
this event. [ saw the star appear to approach the edge of
the Moon, hang there many seconds and then move
away. | had just observed a MISS. It [ had been a
quarter of a mile farther south, 1 would have seen the star
disappear and reappear behind the lunar mountains. 1
was disappointed but fascinated by the event and hoped
o see other events in the future.

In late December 1966, [ was visiting the Sacramento
Valley Astronomical Society. Several of their members
mentioned that there were going o be two grazes on
December 18 and 20. I observed the tirst vne, but the
poor recording equipment prevented getting any good
data. [ spent the next day learning how to lay out the
predicted limit from the predictions. T also observed the
second graze, but stll did not have good recording
equipment, so the data were only of marginal value. By
this ime, T was hooked on grazes, The graze predictions
were the product of an astronomy graduate student,
David Dunham, who was sending them to interested
observers.

My next goal was to set up and lead an expediton for
a favorable graze. This came on August 25, 1967. We
set up our equipment along the railroad tracks in Dan-
ville, California just before dawn. We made about 30
tumings as the star disappeared and reappeared behind the



lunar mountains.  After seeing the results, | went around
to the other astronomical societies and gave lectures to
recruit more chservers.

Only a few grazes occur in an arex each year. It you
are observing grazes, you have two choices: stay close to
home and hope for clear skies for those few events or
travel to where the other grazes are. Soon it was routine
for us o pack three or four cars with observers and tele-
scopes and take off for a graze 300 miles away to watch
a star dance in and out of the lunar mountains for three
nEnutes.

Our next ¢chance came on September 30, 1967. A
tavorable graze of a 6.7-magnitude ZC 1436 was pre-
dicted to pass 20 miles south of San Jose, California.
However. that area usually had fog and clowds off the
Pacific Ocean at that time of the morning. 1 convinced

vther observers (o drive out int the flat country east ot

the mountains to get better weather near Mendota,
Calitornia, a 150 mile drive one way. The team decided
that it was worth it and a large caravan made the trip,

The skies were clear and we had observers set up for
a mile across the predicted limit.  Nothing could go
wrong., WRONG! About halt of the observers had «
MISS due to a bad siar position. The good news is that
we discovered that the star was a previousty unknown
binary and that we had very accurately determined the
protile of the northern limb of the Moon.  We also
vhtained about 49 timings which put us in the number ten
place in the top ten best observed grazes.

We were still bragging three wecks later when the
Santa Barbara, California graze team observed a very
tavorahble graze and pushed us into eleventh place. Such
is lite.

Shortly after this, | returned to Ohio to finish a
Master's Degree. T had been intormed that there was a
very speclacular praze of Antares with a crescent Moon
predicted for January 25, 1968 through central Ohio, |
did not get overly excited because winters in Ohio usually
mean weeks of cloudy weather.  The altitude of this
graze was also very Jow at my location, but more tavor-
ahle around Washington, DC where there was a large

graze wam. This graze also occurred on the morning of

the day after tinal exams. I had three exams scheduied,
so ¥ couldn't really think about much else.

T laid out the graze path near Fairmont, West Virginia
several weeks before the graze, but then put it out of my
mind. The day of final exams came and a cold front had
pushed through leaving clear skies and temperatures near
zero. My area was cicar and the Washington DC area
was toily clouded. This meant that David Dunham and
his team would he joining my little team.

We observed the spectacular gruze and saw a new
phenomenon, the spectacular 7-10 second dimming of the
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giant red star. This is caused by the lunar limb slowly
cutting into the large angular diameter of the star. We
alsa timed many events invoiving the secondary star.

On June 10, 1968, T was scheduled to receive my
Master's Degree. The only problem was that there was
another graze of Antares near Washington, DC at the
same time. [ did the only reasonable thing: 1 skipped the
ceremony, assembled a small team, and headed tor
USNO,

We saw the graze and | headed for Cape Canaveral to
work on Project Apollo. This allowed me to chase
grazes up and down Florida and Georgia. On November
16, 1968 atter driving all night through the rain, we
attiempted a marginal graze in the morning twilight near
Indiantown, Florida., The weather cleared and the
magnitude 7.6 star disappeared early. Shortly thereafter,
I noticed a finy speck of light grazing along the carth-
shine. We had just discovered that the star 7 11683
{SAQ 138613) was a previously unknown hinary.

The national goal of landing a man on the Moon was
going to be agempted in July, 1969, This meant massive
layotfs at the Cape and I was surely going to be one of
them. | went to USNO to work for a month o learn
about the vbservatory and #s work, and to reduce some
of the graze observations that had been made. T was
already in the Washington DC area when Apallo 11
landed on the Sea of Tranquility on July 20, 1969,

One of the jobs T did at USNO was o assist Peter
Espenschied, Joun Bixhy, and Alan Wentink in reducing
northern-limit grazes. It was obvious to us that the
northern grazes were shifted in posidon angle around the
Maoon by about 0.3, This is the same shift that was
known to oceur with grazes on the southern limb but was
then unknown on the northern limb, This discovery
hecame a part of a paper which was published in the AJL

While at USNO, | saw a tabulation of the total
number of grazing occultations observed and the number
ot scientitically valuahle imings made. [ found that I had
observed more grazes and made more timings than any
cther observer, This had not necessarily been my goal,
but, rather, T wanted to be the most accurate grazing
occultation observer. However, after seeing the num-
bers, 1 decided to keep the lead.  If somebody else
wanted © lose more sleep, get more masquito biges, buy
mewe gasoline and have a heart attack sooner than myselt
trying to break the record, | would accommodate them,
So far, this has not happened,

On August 6, 1969, the waning crescent Moon was
going to make a spectacular Pleiades passage. [ made the
trip to the vicinity of Kansas City, Missouri to join a loca!l
group W observe a very favorable graze of 19 Tauri, bet-
ter known as Taygeta.

On the graze line, the view ways beautiful. Taygeta
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was a bluish gem with the bright earthshine of the Moon
moving up to it. As | saw the star disappear, [ said o
myself "this was a long drive but it was worth it". On
the sixth event, Taygeta reappeared but only with halt the
brilliance.  With an incredible surge of adrenaline, |
realized that Taygeta was a hinary. It was one thing o
find that a faint, undistinguished star was a new binary .
but not a naked-eye star named in Biblical times. This
discovery was announced by the TAU telegram number
2168.

In the fall of 1969, 1 started teaching space science in
a junior high schoo! in the Cape Canaveral area. This
gave me more opportunitics to chase grazes and recruit
smart students to he graze observers. These were the
sons and daughters of men who were working on Project
Apollo; they were a superior group of young people.

In the fali of 1970, I learned that there would be a
spectacular graze of + Capricorni over the junior high
school on December 4, 1970, For five weeks, we
mobilized every Cape worker, amateur astronomer,
student, and anyone else who would listen and get a
telescope 0 be on the four mike long line we had painted
along the railroad tracks through Titusville, Florida, The
skies were clear and we made 235 accurate timings of the
event. | was back on the top ten, but this time we were
Number One.

This record held for several years. On February 10,
1973, there was a favorable graze of Merope across
Texas and the Florida Keys. 1 took my team w the Keys
and we made a good observation, Large expeditions in
Texas led by Paul Maley (Houston) and George Haysler
{Austiny were very successtul. The combined number of
timings was slightly greater than that ot the « Capricorni
oraze.

In 1974, a friend who was i a sarcastic mood said to
me, "You have worked hard on your graze work, but
you don't even know what you know™. T realized that he
was right. 1 did feel like T had learned a lot about
abserving techniques and equipment, but it was not
written down anywhere. When | realized this, [ immedi-
ately went to the local drug store and brought 4 large
package of cheap typing paper. During the next 23 days,
I wrote the imanuscript for the Graze Observer's Hand-
book. Cnce it was written, | put it away with no inten-
tion of publishing it.  As events worked out, it was
published the pext year. The second edition tollowed
about tive years latter and, together, several thousand
copies of them have been soid.

On carly Sundav morring, September 6, 1 had a
faverable graze of 119 Taurt near Key Largo. [ setup
along the famous Route | with the Atlantic Ocean on the
cast and the Gult of Mexico to my back. As I setup, 1
noticed a "tog" about [5¢ yards out in the Gult. 1

observed the graze intently and, when it was over, |
stesl up to stretch. 1 aoticed that the appreximately 13-
toot "log” was gone, but, barely 40 teet trom me, were
two eyes and twe nostrils coasting in towards me without
causing even a ripple in the water, [ also recognized this
very clearly to be the largest alligator T had ever seen.
My next memory was ot holting out through the tratfic
on Route | and being quite shaken. | never saw the
alligator again, but 1 have sincere doubts that he had good
intentions.

On March 14, 1988, a graze was predicted to vceur
over Cocoa, Florida, There had been an aurory borealis
the night before. When | turaed on the WWV receiver,
there was only static. 1 looked caretully ar the northern
sky and there was no sign of any activity. | walked back
to the car to get my teiescope. When | turned around,
the whole northern sky exploded inoa brilliant orange
aurora that finally went deep into the southern sky. We
abserved the graze, The aurora was considered to he one
of the top three of this century.

Another observation of special interest occurred on
September 16, 1991, There was a graze of the bright
star 151 G. Ophiuctn (ZC 2524) just south of Jackson-
ville, Horida. Several groups from around the state had
mentened that they were going o try to observe this
eraze. A T drove toward the observing area, the skies
hegan to deterivrate and my  expectations tor clear
wedther were not high, At the site, the wind came off
the ocean, as the sun went down, and dramatically
cleared the clouds. The twilight was still so strong that
the star was nut visible until seven minutes betore the
tirst event occurred. After the star was in deep oceulia-
tion, | noted a faint companion riding akong the carth-
shine.  This previously unknown companion remained
visible for 119 seconds unul the primary star reappeared
and flooded it out.

On July 4. 1994 there was a barely-tavorable graze
of SAO 93376 over Ormond Beach, Florida. At the
same tme tropical storm Alberto was moving up the west
coast of Florida.  The skies stayed cloudy until a tew
minutes betore the dirst contact, The protile indicated
that only about two events were fikely to be observed.
When the praze was over, |8 events had been recorded
and the star is almost certainty 4 binary as indicated by
the multiple dimming events. It was also especiathy
memorable as this was my 300" successtul grazing
oceultation.

In all long-term observational endeavors ke these,
there are interesting statistics, Below are some of the
more interesting ones.

. By chasing grazes you can increase your chances
of success over only attempting nearby, tavorable evenis.
I chase many marginal ones and over very long distances,



My success rate 1s only slightly above 50 percent. | have
led more successtul graze expeditions than anyone else.
[ have also led more failure expeditions than anyone else.
In all, there have been more than 300 of each.

2. The distance to the Moon is approximately 240,000
miles. The distance that has been driven t chase these
grazes is about 300,000 miles,

3. The combined magnitude of all the naked-eye stars
in both the northern and southern hemispheres is approxi-
mately equal to 1024 first magnitude stars. The total
combined magnitude of all recorded events trom all
grazes that this team has reported is approximately the
same amount.  When a team gets over 100 events by
ohserving 4 graze of a first magnitude star, it contributes
a signiticant percentage of this total,

4. The expenses of chasing grazes tor nearly 31 years
has been approximately $60.0600. I have ofien been
asked if it was worth the etfort. My answer is a very
firm "I think so". It will probably depend on how
effectively these data are used in the future.  Realisti-
cally, I have to admit that it I didn't spend the money on
grazes, I would have spent it on something else, perhaps
on something less productive,

3. Thave often been asked it grazing occultation work
18 amateur or professional astronomy. My answer to this
is. "It is professional astronomy which is done by ad-
vanced amateurs”. Duoes it matter if a comet is discov-
ered by an amateur or professional? The important fact
is that the comet was discovered.

6. What have been the results of this eftort? Teams
I have led have timed approximately 4 413 grazing
oceultation events. In addition, about 610 timings have
heen made of total occultations, solar eclipses, and
asteroidal vecultations. These have been reported ta the
[LOC in apan, David Dunham, and several agencies.

Another question that 15 often asked is "what factors
atlowed us to achieve the Jong string of successtul
observations”. Here are some of these tactors.

I. When | receive a bateh of predictions, T go over
them carefully and select those events which 1 think
might be worth the etfort. These I put an the calendar 1o
avoid social conflicts.

2. Itis my firm beliet that highly successtul major
graze expeditions don't "just happen”. The difference
hetween a suceesstul graze amd a failure expedition s
carclul planning. It the event is close to home, 1 make a
scouting field trip to look for trouble dreas, This might
include trees, noise, mean or loose dogs, power lines,
map changes, or any other factors that might not be
evident from a topographic map.

3. Running out of time is the most common source of
observation failure, As a team leader, T am always on
site more than an hour before the central graze to head
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oftf problems, My cquipment is always assembled and
checked 30 minutes hetore the first event.

4. Equipment faiture is the second-most common
source of ohservational failure. 1 always use two backup
tape recorders and two WWYV TimeKubes., Equipment
that works fine in your air conditioned, nicely-lit front
room does strange things 200 miles away on a country
road at 4:30 AM. The success rule is know your equip-
ment and have tresh batteries.

5. The strongest factor for long-term success is the
ability to bounce hack after several discouraging “cloud-
outs”. Ttis very easy to "get mad™ at the sky and give up
trying for awhile and, therefore, lose a couple of graze
apportunttics. Only a person who has been there knows
the feeling of driving home with a tape recorder full of
exciing events.  Likewise, only the person who has been
there knows the feeling of driving 300 miles to 4 graze on
a week night only to be clouded out, realizing that he
must drive back and work eight hours,

6. Weather is one factor which cannot be controlled
o a significant degree. My attitude is not to worry about
the weather.  Often | don't even check the weather
forecast. In Florida, the cloud situation can change so
quickly that a prediction is of very little value. Deter-
mine that you will be on your station ready to observe
regardless of the weather.  You still may not get the
graze, hut your chances are surprisingly good. If you stay
at home you are assured of no success,

[tis a new field and always needs new people and new
ideas.  Anyone who really tries can do the work. No
math or even an extensive knowledge of astronomy s
needed. The feeling of success when you make a good
observation, reduce the data, and properly report your
results is very satisfying
[Fd. note: Harold also had a number of interesting things
to say on his many other observations which we hope will
he the basis for a future article |

PUBLISHER'S COMMENTS
Joan Bixby Dunham

This note gives a few comments on the production of
the ON.  This issue of ON is being produced with
WordPerfect 6.0a for Windows using a ZEOS 486 com-
puter, and printed with a Hewlett Packard LaserJet [p
printer. Tony Murray now prints the ON, and added a
cover to give the newsletter a more polished appearance.

Homer DaBoll designed a two-column format tor the
ON in 1979, using the IBM Sclectric Letter Gothic type
ball, which was then reduced by 84% in photo-oftset
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reproduction. We have continued to use the two column
tormat Homer established, although we are using the CG
Times font, instead of the Letter Gothic tont. Also, we
no longer need to reduce the newsletter originals, making
production slightly taster.

This issue was produced WordPerfect 6.0a for
Windows (WPW6.0a). This editor has many powerful
features that we do not use yet, such as the ability to
embed graphics in the text. We were considering
switching to another word processor (such as Word ) due
to the great difficulty we experienced with WPW6 .0,
including a very high number of system crashes,
However, the (free!) update, version 6.0a, Joes seem to
have solved many of the problems. Other software we
use for ON are Quatro Pro for Windows and Fox Pro for
Windows. We oceasionally resort to PCWrite, We can
receive intormation electronicaily, including faxes, for
inclusion in ON.

I have recently changed positions within CSC, and
now am working on the EOS project after many years of
working on various contracts for tlight dynamics support
at GSFC. I now have an e-mail  address,
Joan@ulabsgi. gtsc.nasa. gov, as well as one through
CCmail:

joan_dunham_at seas-cpo@cemail gsfc.nasa.gov
I 'am currently using Eudora for my mail.

For those who want to exchange information
electronically, we can read files from any version of
WordPerfect, and from all of the older versions of Word.
We have found that Word 6 and WordPerfect 6 are
mutually exclusive: Neither recognizes the other’s file
format. I use Word 6 on the job, and both Macintosh and
MS-DOS machines. If you send us a file that is not
ASCII, let us know the software and version number that
created it, so we do not waste time trying different ways
to read it.

The computer firepower we now use, and the more
powertul software that comes with it, has certainly eased
the job of preparing the ON. The major problem with
producing the ON is the same one it has always been:
Writing articles for it. This is a distinctly ditferent
problem from taking newsletter input and crafting a
snazzy (actually, in this case, rather staid) newsletter. If
you have something you want to say, please do not
hesitate. It does nothave to be ina fancy word processor
or format. It can even be in penci! on ledger sheets,
And T will be happy to help you polish your text if you do
not feel secure in your “wordsmithing™ skills.
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The International Occultation Timing Association was
established to encourage and facilitate the observation of
occultations and eclipses. It provides predictions for
grazirg occultations of stars by the Moon and predictions
for occultations of stars by asteroids and planets, infor-
mation on observing equipment and techniques, and reports
to the members of observations made. [OTA is a tax-exempt
organization under section 509(a)(2) of the (USA) Internal
Revenue Code, and is incorporated in the state of Texas.

The ON is the 10TA newsletter and is published approxi-
mately four times a year. [t is also available separately
to non-members.
The officers of [OTA are:
President

Executive Vice President
Executive Secretary Rocky Harper
Secretary-Treasurer Craig and Terri McManus
VP for Grazing Occultation Services Joe Senne
VP for Planetary Occ'n Services Joseph Carroll
VP for Lunar Occultation Services Walter Morgan
ON Editor Joan Bixby Dunham
[GTA/European Section President Hans-Jecachim Bode
I0TA/ES Secretary Eberhard Bredner

David W. Cunham
Paul Maley

10TA/ES Treasurer Alfons Gabet ON Editor: Joan Bixby Dunham
I0TA/ES Research & Development Wolfgang Beisker 7006 Megan Lane
I0TA/ES Pubiic Relations Eberhard &iedel Greenbelt, Maryland 20770-3012
U. S. A.
Addresses, membership and subscription rates, and informa-
tion on where to write for predictions are found on the e-mail;: Joanaulabsgi.gsfc.nasa.gov
front page.
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The Dunhams maintain the occultation information line at
I01-474-4945. Messages may also be left at that number.
When updates become available for asteroidal occultations
in the central U.S.A., the information can also be ob-
tained from either 708-259-2376 (Chicago) or 713-488-6871
{Houstaon).

Observers from Eurcpe and the British isles should join
[OTA/ES, sending DM 40.-- to the account 10TA/ES;
Bartold-Knaust Strasse 8; D-30459 Hannover; Postgirc
Hannover 555 B2% - 303; bank-code-number

(Bankleitzahl) 250 100 30. Full membership in 10TA/ES
inctudes the supplement for European observers (total and
grazing occultations) and minor planet occultation data,
including last-minute predictions, when available.

The addresses for [OTA/ES are:
Hans-Joachim Bode

Bartold-Knaust-Str,
D-30459 Hannover 91

Eberhard Bredner
Ginsterweg 14
-59229 Ahlen 4 (Dolberg}
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