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Tor purposes of determining when your
abineripbyne fa e alr gt ron Nows{etrer
corsider this to be the last
vove 0t Hdlh rather than the farst
vinpe 0 12770 We exppct to publish
four more 1L dyeing 19770 Practi-
cal conmaderatine dictated the in-
Creased srre at this ansue;, the in-
freaned Gige 15 not representative of
tuture 1goue . desuite the increased
price starting with thys one.

e,

LhLI Pt o Newsdoirer s priced 8
$HR) per assue, or %4.00 per year (4
seagpy oincluding first class surface
waiitmy, untih further notice. Alr
ma1l detivery is available at added
cost: gdd T6¢/year in Canada and Mexi-
e, add 81 P8 year an Central America,
tivbrbry, Yenpguela, the Carihbean Is-
lants . “ahanas, Bermuda, St. Pierre
i Meageton; add 31 7R/year in all
other Jountries. Al back issues, 91
througn #4, gre ~t11] available ® 50¢.
#10 and later issues will be priced @
$1.00 as back issues. See JOTA NLWS
for jonformation about w_uleation

New S bers v Famare

The toreqovm: apalies only to sepav-
ate, individual subscriptions.  [0TA
memtier b, including 3 subscription,
remains. ® £7 0i/year for residents of
Rorth America including Mexico)] and
49,00 year frr others, to cover the
costs of overseas arr mail. However,
furopedan and L.k, observers should in-
stead coin I0TA/ES, <ending DM 16, --
{Gerran marks ) to Hans J, Bode, 3000
Hannover, Hartold-knaust Str 6, Ger-
man Federi Repyblyc. See TOTA MFWS
tor optional reduced [OTA membership
Jues for those Tn Spanishoand Portu-
uuese-s eaking countries.

Piease aadress abl subscription, back
ssue. ang [OTA membership requests to
Bertor . Stevens, Jr., d03c M. Ash-
Tand Ave ., Chicago, IL 60613, U .5 A,
hut make thecks and money orders paya-
Ble re 10TA, or tn International Oc-
cultation Tining Assaciation, or to
Occultation Newsletter

You prubably have been wondering, with
justifiration, when you wiuld receive

tRiS y5sue OF Ll tarion News,otter,
We are now <omewhat more than one is-
sue hehind schedule, due 1o the tact

that I still am supplying a majar pro-
portion of the most important mater:.|
for this issue, and that the time !
can work with ocouttations is 1amited,
as explained 1n the Tast issue. Work
and correspondence related tn various
ongoing projects to improve predic-
tigns of drfferent ocoaltation phenom-
ena, discussed in this issue, have al-
s0 kept me busy. Volunteers are des-
perately needed tn help write some of
the recurring sections of . N, and
for other projects descrioed below, in
order to matntain our publishing
scheduie better, and to improve and
pxpand [0TA's services, Snomuth mater-
ial has accumulated for this 1isue
that there is enough tor two 155ues.
[Ed: This was written before it was
decided to double the wize of 410
The next issue [#117 will be distrib-
uted in a few weeks, and will nclude
several abstracts of published papers
concerning occultations, information
and charts about passages of the moon
through the Hyades (luster using As-
trographic Cataleg data (see PREDIC-
TIONS OF PLAMETARY OCCULTATIONS), and
any material planned for this issue
which could pot fit [Fd: This plan has
not changed.]. For the issue after the
next one [#12], fixed deadlines are
planned, so that we can better adhere
to our quarterly schedule. The dead-
lines will be 1977 April 15 for mater-
13l to be sent to those whn are writ-
ing the various section articles, and
1977 April 29 for finaj submission of
articles to the editor, M. F. DaBoll.
Information about lunar occultations
of planets and other solar system ob-
jects should be sent {by April 15} to
Michael Reynnlds, and reports of er-
roneaus predictions, or of observa-
tions of unpredicted occultations,
should be sent to David Herald, at the
addresses chown in their articles in
this tssue, Material for the other re-
current sections should be sent to me
at PooD Box 485, Silver Spring, MD
20907, although in some (hopefully
many) cases, I will send some of it to
others {such as Reymond Finkleman, who
also lives in Silver Spring, for oc-
cultation tally coupons), More valun-
tears are needed *o write the recur-
ripg sections, but | expect to do I0TA
MEWS and GRAZES REPORTED TO [OTA {at

March, 197/
published by the Interratinnal Occultation Timing Ausociation {{.0.7 A,
DaBoll, 6 N 106 Wnrte Oak Lane, 5§t. Cnarles, Iliincis 60174, L. 5. A,
IOTA REWS least, the table for that sectron,
singe | plan to continue to coilect
Davia W Dunham yraze observations}.

The first !OTA meeting will be held in
mid-Aunust in Boulder, Colorado, in
ignjunction with the National Amateur
Astronomers Cunvention, Paper sessions
and other scheduled activities will
take plave 1977 Auqust 1(-13 at the
tintversity of Zolorado tn Boulder, Ac-
comnodations will be dvailable at the
Kittredge Residence Halls located
across the street from the Sommers-
Bausch Observatory and the Fiske Plan-
etarium. Room and board for 5 nights
{Aug. 9-13), and meals for 4 days,
will cost approximately §87 per person
for single occupancy, 580 per sersun
for double occupancy, and 350 per
¢child under 13 years old. Alternately,
nearby motels are available, and tick-
ets may be obtained for individual
meals at the cafeteria. The $18 pre-
registration fee is payable to the Na-
tional Amateur Astrpnomers, of which
[0TA will receive $0.75% for each reg-
istrant. Those plamning to attend
should send the fee to: Denise Nye,
NAA Convention Reqgistration., 5604 Bow-
ron P1., Longmont, CO 80501. Further
convention information is available by
sencing « stamped self-addressed en-
velope to Denise Yye. A 2-tour 10TA
business meeting is planned, probably
early in the evening of August 11 or
17. An expedition might be nrgapized
to observe & qraze of 5.1-mag. 68 Gem-
ingrum by the 6% sunlit waring moon in
Wyoming on Aug. 12 {see sky and Tele-
scope, 1977 Jan., p. 71}, Clubs and
individuals who wish to submit astro-
nomical displays should contact Mer-
rill Manion, (775 W. Kentucky Ave.,
Denver, (0 £0223. Anyone interested ir
presenting a paper ahout occultations
during the meeting should <end me a
proposed title, to ensure suitability
and non-redundancy. One NAA notice has
said to send such papers to Andrew
Gassmann, NAA Papers Chairman in Cas-
tle Rock, Coloradc, but they should
instead be sent to me; he will send me
information about any ccrultation pa-
pers which he receives. [0TA members
who do not pian to attend the conven-
tion could send me a paper to be read
at the meeting, if desired. Mr. Gass-
mann writes further about the arrange-
ments: “We plan to devote blacks of
time to subject matter, rather than
schedule a group to a set time limit

1 would need from you (for each paper |
the title, author, approximate length,
and a brief summary. This would be
needed by about July 1 s0 we can get
the convention program organized and
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and into print. The final papers will
Le collected at the convention for the
proceedings which will be published
later. 1f suu have any tdeas or com-
mentn, please let me know.

[ 4= now working with Thomas Van Flan-
dern at the i1 % Naval Observatory,
aned athers, to anclude predictions of
ureultations ot weveral dozen minor
whanets, and of occultations of meny
farnt ntars aa various star clusters
att e frelds which will he traversed
by a tataliy eclipyed moon, 1n the
M taral orultation predict ions,
‘i wtll be an improverent oyer the
relatsyely Bime-rnniomang and 1neffio
et oaredie fanny, computed with the
ety of Teeas predictign prid-

irac, and will engure mare conplete
toderane. Lata for these spectal e-
ventewill b oinc luded in the reqguiar
perilve tiany far mant ahservers for
Felo U wt ]l ke wpecral computer

vars fur the ather obsecyers for 1978,
vl for the oot of 149770 $nr most ob-
crvers Tenpertally o tiee [0TA men-
ther ., Smrbar predictionsy for MEZ
and MU passages in burope, Japan, and
wie teen Australia during late 1976

hawe already been dictirihuted. 1 the
contdinaten of your station are not in
ChOTe EaTen ) v <hould send them in,
Stnee cnorbinates yued toe all USKHO

prdln tanns must e in these files.
far the 1476 events, | 1 hanged the oh-
servaln ity code Timit tn some cases,
Bourder to ogenerate more predictions.
v owould like a lower obiervabili-
tv cade 1t for these special pre-
etony than that used for your requ-
Lar predictions, Jet me know. Computer
time Tymrtations may force some cut-
Back- an the specral prediction cover-
aqe Davied Herald 1s reducing Astro-
araphine Caralog data to obtain eguinox
Vi) caordrnates for hundreds of faint
~tavs near M3 and i fields which
Wit he occulted by the mgon during
the 1978 polipses of March and Septem-
ber . far the special USM) predictions.
It 15 also planned to include the al-
veady vaastaing data for MET and MZ24,
and fo add Actragraphic {ataleq Data
o the byades {see PREDICTIONS DF
PLANETARY UCTULTATIONS) and several
ot SAN S tars from the Yale catalons

which nave no Yale proper motions {see
CLUUL AT TaNs ©F BRIGHD HON-SAO STARS,
- N T

Hoelp s sought for certain computer

tacks  We continue to have problems
with the grazing cccultation predic-
tons, A Fow of the qgraze computors
have moved nr otherwise lost access to
the computers they were using, and not
enainh new computors have become oper-
ational to provide adequate service.
Most of the computors are students,
who are often delaved in computing and
distributing predictiaons by final ex-
ams anif other academic pressures.
Graze computors need access to large
computers, with 32K words or more of
core stordge, such as an [BM 360/40,
C0C 6400, POP-10, or Univac 1108.

Standard-coverdge total occultation
predictian i< 3 more modest computer
iob for wnich a volunteer is sought
Nicholas tsposito has dome this jgb
during the past three years, using in-
put data identical to that in the ~ky

and Teles e couitation cupplement

provided on cards by HMNAO. Van Flan-
dern and | have destgned an improved
system which will use cards generated
by the USNG total occultation program
for the same standard stations as giv-
en in the rup;lement. These new stand-
ard-coverage predictions include plan-
ets and galactic-nebylar objects down
to an observebility code limit of 3
{mag. 10.% for the most favorable con-
ditions) and stars to O-code Limit 7
{faintest mag. B. 1}, so that about 1.5
times as many events are included as
are given 1n the -uyppiement. Sun and
moon altrtude are qiven, as are cusp
and Watts angles useful tor reappear-
ances, data not included in the old
coverane. Wayne Green, P (). Box 162728,
Jacksonviile, FL 32216, plans to do
the corputatinng initrally, but anoth-
er volunteer 1. sought so that he can
work on ather important ocoultation
tasks  When the progream is operation-
al, a note will be publisned in ik,
and Tedescope offering the service to
anyone who sends accurate (oordingtes
and a long, self-addressed envelope.
The program is vather sinple, 1nvoly-
ing only card input. Also, we don't
need to be restricted to North Ameri-
ca. Someone in turope [or olsewhere)
could use the grogram to provide a
similar <ervice for their caontinent.
Hopefully, many observers who time
fewer than about 20 events per year
will get these predictions in the fu-
ture, rather than the much more time-
vonsuming USNG predictions. A volun-
teer for runninyg this program <hould
preferably have a stable address to
which requests van he sent

Since 1973, the kg aonf Tedenope e
cultation Luppdement hys been publish-
ed by Sky Publishing Corporation and
distributed by USND. for next year's
Supplement, Neither wants to do these
jobs due to manpower limitations, al-
though HMNAD still plans te prepare
the tables and maps. as they have done
for many years. 1t seems Tikely now
that the mater1a! which has been in-
cluded in the suppiement will be pub-
lTished in The observer's Handbook -
1978 of the Royal Astronomical Society
of Canada. Since they already are pub-
lishing the data for the Canadian
standard stations, it should not be
too difficult to extend their coverage
south to include the United States
<tations. [t is possible that the As-
tronomical Leaque also may publish
this material. Although this means
that the supp!ement data, which covers
only the United States and southern
Canada, =o Jonger wi'l be available
free, the standard-coverage predic-
tions described ahove will be availa-
ble without a payment being necessary.

It should be roted that the European
Section of 10TA does not cover all of
Europe, but dees previde coverage for
most of the continent, including the
"7, "U", and "I regions. The north-
ernmost and easternmost parts are in
the "XE" and "8" regions, for which
graze predictions are not distributed
by Hans Bode, chairman of [0TA/ES in
Hannover, Germany. The XE region in-
Cludes the following areas: Horway
north of a line passing through the
Segrefjord and fust south of Oslo:
Sweden north of a line passing through
Oland and the place where the border

with Morway meets the sea; Finland;
Estonia; Latvia; Lithuania; and north-
westermmost Russia {Here and in the
rest of this issue, we use "Russia’ n
the ndrrow sense, signifying the Euro-
pean part of the Russian Soviet Feder-
ated Socialist Republic. The Asian
part of the R.S.F.S R. is Siberia}.
The R region includes most of the rest
of Russia and the Ukraine east of a
Tine passing through Kiev and the Cri-
mea .

The first issue of occultation Yews-
letter en Espaio] was distributed by
the Institute of Astronomy of the Uni-
versidad Nacional Autdnoma de Mexico
last November, as mentioned in the
1ast 1ssue. Guillermo Mallén, Goya
64-11, Col. Mixcoac, Mexico 19, D.F.,
Mexico, is handling the duplication
and mariing list, while Eduardo
Przybyl, Ruta Nacional 34 (Norte) 38R,
2300 Rafaela, Prov. de Santa Fe, Ar-
gentina 15 the editor and translator,
with the help of other members of the
Agrupacifn Amigos de Urania de Rafa-
ela. The first edition is virtually an
exact translation of the last 1ssue of
o. N., while a publication distributed
a few months eariier, without a name,
was a transiation of . &, i, #8. Fy-
ture editions probably will contain
some extra articles which are relevant
mainly to observers in predominantly
Spanish and Partuguese-speaking coun-
tries, while some o. ». articles not
applicable to those areas will be
omitted. Some of the other 10TA paper<
also are being translated into Span-
tsh. Members of INTA in these areas
who do not need to receive the Eng-
lish-language n. ». {some of those whn
know fnglish may want to continue to
recetve it to avoid the translation
delay} henceforth reed to pay oniy $3
to IOTA in order ta receive grazing
occultation and other special event
predictions.

Living in the Washington, D.C. area,
it is easier for me to find people who
are fluent in foreign lanquages and
can translate letters for me. Overseas
observers should feel free to write to
me in their lanquage, especially for
urgent matters. Spanish, Chinese,
French, German, and Russian are most
readily translated,

The Brazilians have beat us again in
the field of general publications.
Jorge Polman, Clube Fstudantil de As-
tronomia, Colégio Sao Jodo - Varzea,
Caixa Postal 1174, 50.000 Recife, PE,
Brazil, bhas published a mimeographed
19-page paper on using tota! and graz-
ing occultation predictions, ard com-
pleting observation report forms. It
is effectively an updated and concise
version of Lufs Eduarde de Silva Ma-
chado's "Das Ocultacoes de Estrelas
pela Lua™, and like it, Polman's paper
is in Portuguese,

I have changed my place of work again,
recently, but this time , I bave only
moved across the hall, to an office
with a window. My telephone number at
Computer Sciences Corporation is still
301, 589-1545, but the extension is
now 596. My home phope is still 301,
585-0989. Concerning correspondence,
you are more likely to receive a quick
reply, and save me a little time, if



s enclose a seltf-addres.ed postoard,
Sl foandretued eavelone T4 Jang ane o f
fU wWant qrare repnrt forms g, oor g

s ed addres, tirker. D don't need
te he swent puLlage Ltamps - 1 hdve
plent g of them - bt wouid rather nave
one of the 1tems mentioned above to
vrpedite things,

i4.t Movember, the Hational Bureauy of
Standards in Boulder, Calurado, jave
ntice that they planned to discontin-
e transmittang time siqgnals at cer-
tain nf the WWY and WWYH frequencies.
Moot distrecsing for nocultation ob-
Lervers wan the planned elimination of
w4 H-MHR broadeant, important
durrng thry tame of sunspot minimum.
The- afficers of [0TA wrote a letter to
NoB Y requesting that the 705 MMz
transmicsinns bhe continued, a4 di1d
weveral other [OTA members o1 their
fwn We had planned to urge v Sub-
serabers ta write to N8B S in this
1<que, but fortunately 10 s no longer
necessary. o g netice dated 1377 Jan-
udry /. N.B.% announced that their
WY and WWYH transmissions at 2.5 MHz
would continge ynchanged, as would
throoe at 50 10 and 1% MHz

toradering the services pravided by
HMNAD . USKHN, and [OTA, the American
Avworvation of Variable Star Observers
ha+ devided that 1ts Occultation Sec-
twr s redundant . and consequently
will dishand 1t They will recommend
that their members contact us for oc-
cultation services. If you plan to ob-
werve an amportant occultation or &
qrase ot a variable star, you may want
to wend g request to the ALALY.S.0,
117 Concord Ave., Cambridge, MA 02138,
asking what the magnitude of the vari-
able 15 expected to be at the time of
the pvent, especially for the large-
amplitude Mira variables.

GRAZES REPORTED TO [OTA
David W. Dunham

Lraze reports should be sent to my
current address, P.0. Box 488, Silver
Sprang, MD 20907, U.S_A, As usuval, if
possible, a copy should also be sent
to HMNAD. In general, [ no longer will
acknowledge receipt of observation re-
ports, since an entry in the list of
observed grazes serves this purpose.
0f course, if you send me a report
which 14 not 1isted, please let me
know. However., ] will acknowledge re-
par:s 1¥ pither the report 15 not com-
plete, or a self-¢ddressed envelope or
posteard s enclosed ([ don't care af
a stamp iy not included), or a qummed
address lahe! is enclosed, or more re-
port forms are needed (in which case,
either a quimed address label or a
lorg self-addressed envelope should be
enclased). During the [.A.U. General
Assenbly in france last August, an in-
formal discussion of occultation work,
especiaily plans for future work, was
attended by workers from the national
almanac offices involved. Workers from
HMRAD voiced objections to the cur-
rently used I0TA graze report forms,
noting that they delayed their reduc-
tions. “he new graze report forms,
from which the data can be keypunched
direct!y, will overcome these prob-
lems. In the meantime, when possible,
observers should send HMNAD reports

using thelr foreg 1 f the extanded

Coges avarlabie n the T0TA fuma are
nat needed for @ partrcLlar cbserva-

ticn, mrMMAQ Y formy are aisa sgffe -
cient for [0740 Al.o, 1t would he
relnf 1 for comprling Tists Tike the

gne below 1F ghservers wiuld report
the star’s magnitude, the  of the
moon sunlrt and the Cusp angte of
qraze from the predictrors (many ab-
servers already do), quantities which
are not requested an the current
forms. Some Ghaervers have been re-
porting observing condition code O
qrazes, where no nbservations are ob-
tarned due to ¢louds or other (auses.
Having been on a number of ¢lpuded-out
expediticns myself, [ appreciate know-
106 about these efforts, but space
does not permit 1isting them.

As mentioned 1n [DTA NEWS, we have
continged to have same problems in
aetting out predictions an time, If
you have not recelved predictions or
profiles for a particular guarter and
your travel radrit oare reasonably
Tarne, send o note to Berton Stevens,
Jr., 10TA Secretary, 84032 M. Ashlard
fve., Chicago, [L ANBI3. For North
American observers, he can at least
supply predictions for wndividual
events, upon reguest, which you learn
about from published maps, and we can
see what problem the computor for your
area has encountered, and can either
help him or find someone else who can
compute the regular predictions. Note
that [OTA members do not need tu pay
for individual qraze requests: there
has been some confusion on this point
by some new nembers. Those wha have
paid more than they need to are having
their memberships extended by one or
two quarters, as appropriate, to mini-
mize financial transactions. Berton
Stevens, Wayne Green, and | have been
doing some work ustng Jean Meeus' pre-
dictian method and making other pro-
gram changes which ultimately will re-
sult in a4 prediction proyram signifi-
cantly more efficient than the one now
being used. When it, and the double
star files, are operational, it should
be possible to improve [0TA's predic-
tion service with fewer computors.

Yale Catalog star position shift cal-
culations for grazes where the posi-
tion source is Z2.C. or G.C. were dis-
cussed on p. 74 of o & 1, #8, and in
earlier issues. Wayne H. Warren, Jr.,
NASA Gnddard Space Flight Center -
Code 71, Greenbhelt, MD 20771, phone
301, 982-4604 or 474-0814 (home}, can
now do these calculations for obsery-
ers in eastern Canada, the northeast-
ern and southwestern U.S.A., and over-
seas. John Phelps, Jr. will continue
to do these calculations for observers
in the U,S.A. and Canada nortk of lat-
itude 38° N. and west of Dhio, while
Robert Barley will do them for the
scuth-central U.5.A. and Mexico, and
Thomas Campbell, Jr., for the south-
eastern U.5 A. Since Warren has the
catalogs in his office, and has a pro-
gram to do the calculations with his
HP-67 calculator, he can do the calcu-
tatians quicker than the others, and
can serve as$ a hackup for them, espe-
cially when time is short. As usual, a
self-addressed envelope or postcard
should be sent with any reguests, AGK3
shifts for northern hemisphere /.C.

e
[

ard 3.0, stars are st:11 availabie
from me.

Twh computer program errars were toumd
using abservations reported by Kobert
Sandy in Qctober. [ sent program ¢han-
ges and procedures for eliminating
these errors to the computovs late
Jast year. Qne error caused the cusy
angle on the ACLPPP profiles to be n
error by as much as a deqgree for all
waning-phase grazes for most observ-
ers. The other more serious error
caused the graze height on the profile
to be incorrectly computed. IU was due
to the interfacing betlween the yrace
praogram ang ACLPPP when a graze track
passed over one of the special “obser-
vatory" stations, which | believe dre
row present oniy 1n the ( reqgion (mid-
western t.S.A. ) predictions.

Three of the grazes in the list were
observed 1n the Soviet Union. The one
on 1974 September 1T was observed from
Kiev University Observatory's comet
sataion at Lesniki, 1.3 km from the
predicted Twmit. The other two were
expeditions from Kiev, using predic-
tions computed at Kazan. The observa-
tions were made partly in response to
a paper given by Dr. A, A. Nefediev
and others at Engelhardt Observatory
in Kazan, at the 19th Astrometrical
Conference of the U.S.S.R., held in
Moscow 10 1972 June. They urged that
photoelectric total occultation and
visual grazing occultation observa-
tions be encouraged in the U.5.5.R,
Predictions for grazes near 22 places
in the Soviet Union involving about
half of the stars in the Z.C. would be
computed at Kazan. It is difficult for
astronomers to obtain the necessary
topographic maps, which are classified
secret by the military. From discus-
vigns at the [.A.U. Tast Auqust, [ un-
derstand this is still a problem, al-
though the nbservers from Kiev must
have pbtained maps adequate for pre-
dictions for the events they observed.
Coordinates of observing stations are
not included in the Soviet reports, as
these apparently are akso secret.

The graze of IC 1234 on 1976 November
13 is the first relatively well-ob-
served graze reported deep in the
northern Cassini region. It showed
that the actual 1imb is near the mean
limb, and that both Watts data (about
2" below the mean limb) and an obser-
vation of a 7y-mag. star on 1974 Sept.
12 which indicated a 4"-high mountain,
were wrong for the area. The position
used for IC 1234 is from the good-
quality N30 catalog. Data were sent to
the computors to incorporate the [IC
1234 observed data into the ACLPPP
profiles for 1977, and the 1974 data.
used for most of the 1976 ACLPPP pro-
files in that area, were removed. We
had no problems with WWVY reception
during the graze, but according to the
NBS Time and Frequency Services Buile-
tin No. 229, about 7 hours after the
graze, there was an outage for over an
hour at the key freguency of 5 MHz

The observations showed the need for
multipie stations spread over a qraze-
height range of at ieast 2", and a
reasonably bright star for good obser-
vations and qood star position, for
charting the Cassini reqions. Grazes
in the still poorly observed northern



Lassimy reqion are still occurring, o
hrpefully more observations like thpse
nf 70 1738 wall be made this sear. An-
Other prror an Watty' 4data 145 chowr hy
the qraze of 1T 30451 nn 1976 October
1, when the Libeatinny were lat, ¢f 7
and long. =677 The observations Show-
#d that the valley at W. A 175 4 s
nearly 170 deeprr than the ACLPFP pro-
ftle showed Thic wild be tnrorpnrated
Inte the ACLPER data tater thiy year.
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T odeama invobved o oarazes was well
vilusteated by iy expertence with the
CRaprttar (20 VHSRL see
NEW OHHIELE STARSY on 1976 Novem-
e U6, Snaw fell as we drove across
cantern Do, and a traveler's advis-
in eifiect when we reachoed Co-
| RVTY CITES The wedther forecdast was poor,
with broken «louds expected nto T
noty, eapen ially disesncerting since
the woon altitude would be bess than
1 I telephoned Mike Flick in Cin-
crtnnatr:s we decvded to o goin torces
south ot Indianapolis, where the wea-
ther prospects were o Dittle hetter
than near Daytun, Ohio. The southern
halt of the <ky clegred completely as
we drove across Indiana. After meeting
the observers from Cincinnati, we se-
lected an AM radio station to use for
a Uine reterence for those without
short-wave radies and went to our sta-
tion,. The temperature was below 20°
F.. guite cold for that time of year.
I set up my equipment in the van at
Juan's station, then dreove to my plan-
ned site in the village of Fairland.
When | qot there, | saw that trees,
buildings, 1ights, and people would
pose problemy, so 1 drove 10 an alter-
nate site which was 0.3 mile south of
& certain tntersection and 3 miles
from Fairland, though trme was fast
runring out. Fortunately, abandoned
railrpad tracks crossed the road at
the planned Tacation, for qood posi-
tional reference. | arrived only a
couple ot minutes before the grare was
expected to start. [ took the tele-
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kofiriyama, Japan
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Sdpnorg, Japan
Ubaharo, Japan
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Toyohashi, Japan
fottnn Center, A7
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Colfax, LA
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Grand Canyon, A
5L, Petersburg,FL
Yass, Australia
Marana, A7
Mariey, JL
Sewalls Point, FL
Moapa, NV

Tucson, Al
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Margate, FL
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Organizer St WA b
Robert Hays

Robert Hays

A Qsipov

A. Osapov

Ao Ihitetski

Norman Wright 169-27]
H. . Nightingale? 169-27
Patrick Moore? 169-27
J. Chapman? 169-27
®. Absalorn? 169-27
teslie Morrison? 169-27
R. W. Arbour? 1649-27
f. Goddard? 169-27
G. T. Buss 169-27

Richard Nolthenius 4N186 44

(1. Hirnse)
[T. Hirose)
Paul Newman

Richard Nolthenius 25 10 63
fen Hudqens 105
Robert Sandy ik 9 74
Yasuo Yabu

Robert Sandy 0D 3658

Richard Nolthenius 453%9-29
Berton Stevens, Jr.9N35%8-30

Toshio Hirose 0171-19
Homichi Kimura

B. A. Sinton

R. Nolthenius C25169-58
Toshio Hirose

Richard Noltheniu. (177 47

Robert Pike

Bill Fisher

Berton Stevens, Jr.45180 62
Walter Morgan

Richard Nolthenius Q181 2i
Thamas Campbell, Jr. 3%
David Herald £551682-30
Richard Nolthenius (€169-59
Berton Stevens, Jr. 353 62
Harold Povenmire 356 66
Walter Morgan

Richard Molthenius

keith Horne

Harold Povenmire

Jan Hers C55168-58
Eduardo Przybyl

Homer DaBoll 75168-51
John Phelps, Jr, 5N175-60
Keith HKorne

Robert Sandy 0189 50
Berton Stevens, Jr. 0190 50
Joseph Senne 0190 50
Homer DaBoll C4N355 60
John Phelps, Jr, €356 60
Simon McMillan t 052
John Phelps, Jr. 359 71
Richard Nolthenius (353 70

Richard Nolthenius ON184 70
Richard Nolthenius ONIBR 70
Keith Harne

Robert Sandy
Joseph Senne

Ben Hudgens

lan Grant

Robert Price

Brycn Soulsby
David Herald

John Newman
Richard Noltheniys
Richard Nolthenius
RBen Hudgens

Wayne Coskrey

8N358 71

€58 N1
€3y N



Star : ¢ D Ao
Mo Oy Mumber Mag Snl CA Location Sta "m Cocm firzarizer ST WA D
1974
11 43 1238 6.1 €7- 7% Starkailie, MS 1 & 7 1% Wagne Loshrey i
1113 1234 6.1 £72- %M Faisnn, W 504 7 2% Tlavid Lunhge hh
11 13 i0R247 7.6 £7- BN Tmiiton, Al o1 425 ome Prelps, r ris) 3
1114 135% 4.1 55, £S5 Holl pwond, FL 116 20 Marnld Payensire
V1 YE JI06YE 7 34- - 1% Lafayette, M T3 A UR Bertan Stevens, Jr TEOhT
1T Y J1297% 7.4 E- 2% frandy, M Y6 H 1E Wik Birze)
1139 212975 7.4 F- 15 Mew Auburn, Wl 1 R b 2 Jarey Fia 317G
PLo1s r12g7r5 1.4 & S freenyrlle, Wl 317 6 % Horer TaKoll TUNYZD 1
ARV 1971 S B f- 45 Rice Lake, Wl 14 H 20 James Fox DKt 17
A ¢R2ZE 4.7 16+ S Practor, OF £ 00 n L Robert “and, Mg
1 5 ZHZF 4.0 1Ee £ Buneer MD 1 T logean Senne Me3-610
v CHeE A Vhe RO famminagton, M i SoHomer gl BRI N
PN AalE 4 1R S5 Faarland, i B [T A O Ir N I-60
“h b A0 TEe S5 Marian, NH M Pohar, Haingles 1753-60
I sy o A Apkntt D Deamark 1 B Witk
V2 f23001 2 7 4 ot Martan, DA £ F ") Gprald Hattley e
l2 17 J09901 B4 1, Crenont o UA ] 70 aren Ferreaeg
P21 /11184 Sy An- 3% Thomatbor, [ S e CE e Peedpe e INTES 47
[ A B B B e R LI LI 39 b M) Hurer Dol RATRNCHENE B
S0l J1UIRSRD 9.6 Vio STk Pacachn Peak, AL 2 & TG Bionars Nolthenias $4353 30
19 16 Flehid 201 gt Lan ose, 1A TS 2D Jares Van Nyland
T 12 2138 7.% 17- 47 Dleveland, MO AT S VS Hohert fSandy 65187 0
l7 24 0 AL e s T g tan, OA 410 6 10 Tymee bereeicg
H-1 301 400 Ve 3% Lraseg yalley, DA 4 30 = 10 E111 Frsher N
iooSh 1) 607 THe A% Praeat Nalley, CA D10 F lnugias Bunham
Feooh S1HD R T A% Bowden, LA G363 7% Pickarg Noltnentos Fh
PSSP W7 s NS Wes s ter, (A 13 S oS Tl Dunha 01 /4-44
VAL ST KT sy RS Deanae, LA 1 7 7 %% Aichard Solthenius 174-a8
PO, SAARLT w0 My s Paston, L OB 6 A dabn tRelos, Jr £175-39
i
[ 140 6 7 Yo SEN Speingtiedd, VA 2 3 1R Davad Dunnan
| I APl BEEN SN LR I H Gacksonvilie, L1 1 1oovarl Srmeuns
1 3is U716 ] dur =N franktown, 0] 4 14 B 70 Taul Asmus oM
N Tlaa 08 -4 St Paul, MN TooH N anes Fox (1749 69
19 Irdanus S SH- 4 Drexel, MO 4 10 & 1% Raobert Sandy N18/-10
soope and rodio out, pushed the but- [f the star had been twice as hright,

toane the radio ard recorder, and
hegan oboerying. Ten o seconds Tater,
the wtar drsappeared at the first high
moantarn o Data from other stations
~hawant that [ omisced no earlier

RV R waw Ih contactn of the
ferght Star with the dark 1imb of the
Crencent monn, making 1toane of the
wierctacuiar grazes | have seen

nan

[N

Al cqurpeent worked  After the qraze,
wir el onn Phelps, who had draiven
dewwr P Uhicago and observed inde-

pendentiv nearhy. He ayreed to measure
the coordimates for all our stations,
o he s Yisted as expedition leader
Hobert Sandy 1y preparing a reduction
protrie of the results of adl eapedi-
tions for thiy graze, more detail of
the prafite which we probably will in-
coryordte mto ACLPPP should result

| aboerved twe threshold grazes early
in January. The first was for 7.5

may . SO ndY by a 90i-sunlit moen on
January 2. The temperature was 157
wilh some wind, and at 157 altitude,
the seeing was about &5 pad as ['ve
ever seen. The star was seen a few
times before the yrase, but as 1t got
clase to che moon, although the cusp
angle was 157, 1 was 1ost and not
seen again  The sky was very clear,
but the lare and turbusence were too
much. For the Jan. % graze of IO 1040,
the tu'l muon was high in the sky and
174° “rom the sun.At this clangation
and ar the 56° cusp angle, the termin-
ator woulc be about 3" from the Timb.
The dark oehgration readtlly was evi-
gent, but the star was overwhelmed by
Jlare feown tne moon, 50 that observa-
tion was rearly mpossible, although
the seetng and transparency were qood.

about mag. o.h, the graze would have
been seen readily with my 25-cm re-
flectar, ! belreve, This also might
have been surmised by lavid Herald's
observations of 70 2159 and 2160 last
May under rother similar conditions,
described on p. 88 of the last 1ssue.
These cbservations set some u<eful
limits on what can Le achieved with
submarginal grazes

A relatively dry tlow of air from the
Arctic has persisted in eastern North
America this winter and past autumn.
Altrough had for farming, astronomers
have benefited with more clear nights
than usual. The colder-than-usudl
wedther poses special probliems for
qraze observers. Besides the ordinary
precautiony which one must take when
traveling and observing during winter,
tape recorders especially must be pro-
tected from the cold. When traveling
to a graze, they should be kept in the
neated passenger compartment of the
car. The yrease in a tape recorder
left In the trunk of a car may freeze
salid, making the recorder inoperative
eyen after heing worn under an observ-
er's jJatket with a cord arcund the
neck for halt an hour before the graze
(this 1% & gond way for keeping the
recorder in working order while ob-
serving, assuming that it did not get
toc cold during the trip to the ob-
serving site}. The observers for the
graze of Spica 1n Nevada lest August
28 had the opposite problem, observing
from the desert during the hottest
part of a summer afternoon. The tem-
perature was 106" F., probably a rec-
ord for a graze observation. Fortun-
ately, the observers all had air-con-

45

drtioned automobiles. [Ed: This mav
cause no problem n dry clwmates, but
we can recall Tosing some easy timings
because of condensation on our §l-cm
mirror, whick had heen kept 1n air-
conditioned surroundings until an hour
or 50 befogre the telescope was assem-
bied outdoors.]

txamination of the 115t of yrares will
whow that Richard Nolthenius 15 the
first to succepd 1n observing three
grazes 1n one pight, or 1976 October
16 The first and third grases were
ohserved trom the same jocation, wnile
the second ane was ahout 40 meieg
awdy. Time separaticn betweer ihe
Cesstve qrazes was dbout two hogrs
The third turned out o be an unea-
oected double. A Houston triple-grale
attempt last September was ¢ ionded
out. Homer DaBall. St Charles, L.
and John Phelps, Orland Park, IL. irn-
dependently made pians to obhuerve
three grazes in one might n Missourt,
1n late January. It was clear, hut
rpads leading to the drea wers losed
due to snow from a recent bYizzard.

TR

John Phelps sent me the most masina-
tive Christmas card ['ve received in a
1ong time. [t shows the three wise
men, with the caption, 7 when they
caw the star, they rejorced excreding-
ly. " {Matthew Z:10). John carefully
typed in: ' it would have been a
iong ride for a cloud-out.

Juring the graze of 1976 Sept. 29,
Harald Povenmire reported "4 large
black snake was nearby.” Good thing 1t
didn't mimic WWV!

Based on later more comprehensive re-
ports, the number of stations and tim-
ings for two expeditions shouid be
changed: In 0. ~. #7, p.89, 197521141,
star 1815 at Bumble Bee, A7, ¢ sta-

tions, 17 timings; and - ~. #9, p.
86, 1976/6/18, star 1370, 3 stetions,
7 timings. In . N, #8, 1976/3/9, star

769 was observed at Beachwood, (M, not
Beachwood, MO. If the name of the or-
ganizer is in parentheses, he reported
the ghservations, but the actual or-
ganizer is nmot known and 15 probably
someone else. The two qrare observa-
tions by Robert Hays were recently
fpund by reading some corresponderice
at USND. USNO s currently not proles-
sing graze observations, so reports
should not be sent there, but rather
to me and/or HMNAD. The 1972 January
30 graze was during a total lunar
eclipse.

[With the Tistimgs in this issuw, the
number of expeditions reported for the
qraze of £ Sagittarii {IC 2757} or
1974 Oct. 21 reaches 10 {see p. 24,
and p. 74, #8). The expedition shown
in brackets is the one previously mer-
tigned on p. 74; corrected figures ace
gyiven. A guestion mark after the or-
ganizer's name indicates that we dre
not gquite certain that he was actudi'y
the orgarizer. The information fo- the
8 expeditions newly reported was ftaken
from the article "Grazing Qccultation
af Xi Seuittarii," Journal ot
a.a.a., «r, 87 (Dec. 1976}, Spifts
seen by all expeditions are in agree-
ment, but please refer to p. 24 {(tabu-
lar listing and final parayrapk of
text of the articie) for the shitt and

#3

thre



96

its interpretation, ]

[A letter from James fox contains some
interesting comments about the Feb. 2
bright-1imb graze of » Geminorum {IC
1106): really fascinating to see
the illuminated peaks projecting from
the 1imb. ! believe all the structure
detail shown in the predicted profile
was visible through the eyepiece.

PREDICTIONS OF FLANETARY OCCULTATIONS, David W. Dunham

The data in the tist below, for occultations

Melson used a 67 at 250X so the star
showed the first diffraction ring, His
mount s driven. He 15 sure his times
are accurate since he timed on the D
or R of the diffraction ring. He
claims the ring cuts in and out very
sharply, just like a dark limb low
power event, thereby avoiding 1rradia-
tion effects. "

predicted by Gordon Taylor, HMNAQ,

are 1n the <ame format as the list of 1976 planetary occultations on p. 7§ (#8):

1977 Epoch 1950.0 Possible nighttime
Date U.T.  Object SAQ No. Mag. K. A, Dec. _area of visability
. h, ,m
Jan 21 07 OQ Pallas 176953 4.4 qh Mo -Z4°38'  Pacific 0.,Chile,Argentina
Jan 210 g L2 Pallas 176943 9.4 9 3.7 .74 34 New lealand, Australia,
o ) Indonesia, India

et 28 fz Hysa +1978EB 9.6 B 38 6 19 43 N, Africa, N. Atlantic D.
Mar 31020 5% Uranus 158687 B B 14 35.4 .14 44 . Australia, [ndonesia,

. ) Japan, Asia, Africa
R T Y B Pallas 99401 8.3 10 S5 +17 19  [asteen Brazi! (see map)
[R130 S T B B 1 Saturm 98871 8.3 North America
IInfurtunately, due to the Twimited time cember 1976 issue of & Muscae, Derek

[ can work on occultations, this arti- Wallentine pointed out that the possi-

cle s being written after the first
two events, and will be distributed
after thoe first three, or possibly
four, events. However, 1n regard to
the tairst two, since Pallas was magni-
Tuyde 172 at the time, the combined
hryghtness including the star was only
1 mag. brighter. Therefore, the drop
in briyhtness when the occultation oc-
turred could not reliably be noticed
visualtly, but could be detected photo-
electrically. Presumably, Gordon Tay-
Inr notified potential photoelectric
observers in the areas about the e-
venty. | sent word about the occulta-
tion of SAQ 176953 to Cerro Tololo,
the anly observatory with high-speed
photoelectric capability in the possi-
hln rone of observation (La Plata and
other Argentine observatories were
north of this zone, ).

Jamees El1iet and other astronomers
from formell University have made
plane to observe the occultation of
SAD 15BRH7 by Uranus from the Kuiper
Airharne (Observatory over the Indian
Orean. They have shown that, in the
far intrared, the spectral-type K-
star is brighter than the strong meth-
ane absorption bands of Uranus. Conse-
quently, a rather good signal-to-noise
ratio can be achieved for studies of
Uranus' diameter and atmosphere. The
expected star diameter, 0V00058, will
be covered by an object at Uranus'
distance and with its velocity in 073,
s0 that photoelectric data should be
recorded with at least this resolution
for studies of probable spikes that
will occur in the light curve, like
the pnes that have been recorded dur-
ing occultations by Jupiter and Nep-
tune. R. Greenberg, Planetary Science
Institute, Tucson, Arizona, has exam-
ined the possibility of an occultation
by one of Uranus' satellites, and has
found that there will be nane. The
closest will be Miranda, whose shadow
will pass 12,000 km north of the
earth's center at 23M34m UT. This ap-
pulse will be visible from India, the
Middie East, and Africa.

In an article on p. 20-22 of the De-

bilities of occultations of faint
stars by minor planets are substan-
tialiy increased when the ohjects pass
in front of compact star clusters. He
mentoned that 1792 Keni crossed NGC
2168 on 1976 November 18-22 and that
535 Montague traversed NGC 2168 on
1976 December 14-16. Dr. J. U. Gunter,
Durham, North Carolina, has noted that
F4-maqg. 44 Kysa will make its statiom-
ary-point turnaround from retrograde
to direct motion in the Praesepe Clus-
ter, with enhanced probabilities for
occultations during late February and
al! of March. Gordon Tayler has found
only one occultation during this time,
given in the list ahove on February
28, The star involved is not in the
SAQ,; the number given is the star's
AGK3 number. [ plan to compare numer-
ous faint star positions from the As-
trographic Catalogs (see below) with
an ephemeris supptied by Gordon Taylor
{#ho got it from the Institute of The-
oretical Astronomy, Leningrad) for
mare occultations, and will distribute
predictions for observable events,
probably in the next issue of o. N.

The best occueltation of a star by one
of the first four minor planets is the
one by Pallas on July 8. By then, Pal-
tas' visual magnitude will be 9.1, so
that combined with the star, the mag-
nitude will he 7.9. The 1. 2-magnitude
drop at disappearance should be very
noticeable visually, Pallas' diameter
is expected to be 573 km, in which
case, the duration of a central occul-
tation will be 16%4 and its angular
diameter 0V28. Photoelectric observers
should note that the diffraction
fringe separation will be about 330
meters or 0Y00016, which will be cov-
ered in 030094 in the case of a cen-
tral event. From data recorded at this
time resolution, the diameter of the
star could be determined. Observers
should also watch for stepwise events
indicating a close double, unlikely
for this spectral type KO star.

The map shows the possible region of
visibility. The event should be wisi-
ble somewhere from the populous east-

ern coast of Brazil, where the sun
will be more than 18° below the hori-
zon, and Pallas about 40° above the
western horizon. The nearly east-west
line passing through Salvador is the
predicted line from which the central
occultation will occur; but errors in
Pallas' or the star's position could
shift the actual path far to the north
or south of this predicted line. Four
other parallel lines show the central
occultation path if the combined er-
rors are 075 and 1'0 (resolved perpen-
dicular to Pallas' motion} to the
north and south. At the nearly north-
south line passing near Belém and
Asuncidén, the sun will be 6° below the
horizon; twilight will be too strong
to the west. The expected path width,
using the above diameter of Pallas, is
574 km at the 10 K line, 595 km at
the 0Y0 tine, and 708 km at the 1.0
Tine. Broken lines are the boundaries
of Brazilian states, whose capital
cities {not always named] are shown by
+'s, Circled dots mark national capi-
tals. The Mercator projection map
scale varies with latitude; five hori-
zontal lines show the scale at 10° {of
tatitude) intervals from 0° to 40°.

1 hope that Brazilfan observers will
be able to organize well for this fav-

orable event, which occurs on a Friday
evening. Some observing stations

should be established in cities where
no known observers now live, especial-
ly between Recife and Rio de Janetro,
to give better coverage. Volunteers
interested and able to coordinate ob-
servations on a national scale are
sought. Also sought are improved as-
trometric data to enable computing a
better prediction. At present, with &
170 error possible, there is only
about one chance in seven that a given
abserver in eastern Brazil will see an
occultation. Some improvement could be
made socn by obtaining a current ac-
curate position of the star with re-
spect to the surrounding SAQ stars.
But an accurate position will not be
possible until a few days befare the
event, when the minor planet and star
can be photographed on the same plate,
due to systematic star catalog errors.
During the week before July 8, 1 hope
that several plates can be exposed and
measyred, so that the combined predic-
tion error can be reduced to less than
Pallas' angular diameter, as was done
at the last minute for the occultation
of Kappa Geminorum by Eros in 1875.
Either Gordon Taylor or I could com-
pute a last-minute correction for the
July 8 cccultation from the astromet-
ric observations, and telegraph or
TELEX the expected shift of the path
in arc seconds to the naticnal coordi-
nator{s). Local cbservers can use the
map to interpolate where the last-min-
ute path is expected to be. For exam-
ple, D3 N would have it passing over
Recife and 0'25 S would have it pas-
sing over Brasilta. Also, keep in mind
the estimated uncertainty, and the
width of the path, for locating ob-
servers to obtain the best data.

A finder chart shows the location of
SAD 99401 in eastern Leo. An arrow in-
dicates the dirvection of motion of
Pallas. The faintest stars on the
large-scale chart are 9th magnitude;
ZC 1598 and IC 1608 are mag. 6.4 and



T T - - T'.' e . - N R a
! )‘:‘ > P - b 3.
/ ,.,e', r‘-:‘e:o;: e /\
> - -gATRIATIE — :
- ™~ / ey . '
b ~ eoaje r2 / il h
! 3 ‘
v O-“‘
4
|
|
Fanaus o
* i . !
] : "Uia [N * N e :
' { ( - CEel e
- N -~ » P - -
; - ' . oistal
’ i F Al
1 r b - } - -
\ - [ - —
) : = R P
- ’ ‘ O . //
- - i . - e e .
-t el ' ; to Mac1d -107.
e AN 4
‘“f» = v Yaraczalu |
| — o
‘ - ; |
» & 4 a1 L —. -
! | ' " ue
. . ! - T - [ T
*Ulﬂbi ssragilia g L ~ !
o -
- 4 L
* .
! |
‘ ‘w‘/{
~. -7 Belo ’/ '
R 4 Hort iunte 4 27
O -y L = v, -
- i Finerta
’ T r-
- .. 30 ‘.-"i'
Faulo, : )
v S ”“*4;1:1 S
- Curftina S T
e & T L a4 5 T 1 ¢
RN IFlorianépolls
Forto t" ¢ S E A KN
x ST Alegre -30" )
- —
~ - 40 .
4 N\, Q%:?;; pe GV
pSunta - B
I* Fe | -~ ; . .
| )UiUGU;;\\ “‘%\““aiib s 3cule, Miles
; H\-\,_
ﬁ?eno, . \;“‘--\ .
resi> hoote¥id %) ..
OCCULTATION OF SAD 99401 BY PALLAS, 1977 JuLy 8
: T T L 4 T =
/ st * : . .
2c .
§ // .-o d"' . . . .t 113"
410 - ) . S T ° .
s . THOG _ MaAl
o LEO . . :
A c 7 O.ZC 24 ERSFY
8] z _____ 51 . + _o_
30 26| te
s RIL)
et e % ’ T ] §3 {+0”
%, e N .9
o ¢ \\\\\\ v a . . .
I R L AR ; Jhwer
FINDER CHART ti* oo™ 1o* 50"

RIGHT ASCENSICH AND DECLINATION OW

FOR SAQ 99401

PQUINCX 1950

6.7, respectively. Incidentally, the
occultation path crosses most of the
Atlantic Ocean, but Pallas sets before
1t reaches the west coast of Africa.

1 have been computing astrometric
ephemerides of minor planets, as de-
scribed on p. 85.86 of the last issue,
and will soon send magnetic tape data
to Gordon Taylor with accurate astro-
metric positions at daily intervals
for several years into the future for
50 minor planets., During the assembly
of the [nternaticnal Astropomical Ln-
ion in Grengble, France, last August,
a working group of Commi<sion 20 [Po-
sittons and metions of minor planets,
comets, and satellites) was establish-
ed to coordinate planetary occualtation
work internationally, mainly for as-
trometric support and the rapid dis-
semination of data. As mentioned
above, accurate predictions usually
are not possible until days before the
event. Then, word must be distributed
quickly. Gordon Taylor was named
chairman of the working qroup. he is
certainiy the best qualified, with the
most experience tn this field, having
predicted nearly all such accultations
to date.

One way to increase the number of pre-
dictions of planetary occultations 1%
to consider more stars. We have been
limited to the SAQ and AGK3 catalogs,
which include stars down to neariy
10th magnitude with about 7 stars per
square degree. During the past few
years, workers at the Stellar Data
Center in Strasbourg, France, have
keypunched and analyzed the data in
the Oxford, Paris, Bordeaux, and Tou-
louse zones of the Astrographic Lata-
log, which include stars te about 17th
magnitude at a density 10 times that
of the AGK3 catalog, from declinations
+4° to +31°. These data, on four mag-
netic tapes, was obtained by 10TA and
the U. S. Naval Observatory, with 10TA
paying the postage from France. 1 am
now working on it for the possible oc-
cultation by Nysa mentioned abave, and
also for lunar occultations of the Hy-
ades. Work is also progressing at
Strasbourg on the Algiers zone of the
A.C., which will extend coverage to
-2°, but no work is contemplated an
zones farther south, except for se-
lected areas heing worked on by I[0TA
members.

Another approach is being taken by
Fritz Benedict and Peter Shelus at the
University of Texas. They plan to use
my astrometric ephemerides to scan the
Palomar Sky Survey glass plates with a
microdensitometer to find possible oc-
cultations of faint stars. They have
written a clever program for the PDP-
11 minicomputer to drive the microden-
sitometer to find and measure the SA0
stars on the plate, compute plate con-
stants, and scan the predicted path of
the planet for occultations of stars
brighter than a preselected threshold.

PLANETARY QCCULTATIQN UFDATE
David W. Dunham

[ have recently learned of another as-
teroidal occultation predicted by Guors
don Taylor. ©On 1977 March 5 at 2 34

U.T., minor planet 6 Hebe (diameter
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perhaps 190 km) is expected to occult
the 3 6-mag. primary of Gamma Ceti as
seen from Mexicc, nominally between
latitudes 17° and 20° north. However,
prediction uncertainties are probably
great enough that the event could
occur in Central America or the U.S.A.
Gordon Taylor plans to improve the
prediction with a recent photographic
observation soon.

A passage of 22 Kalliope through the
Pletades 1s described on p. 127 of the
february issue of Sky and Telescope. |
compared an accurate astrometric
ephemeris of the minor planet with
tichhorn's highly accurate catalog of
Pleiades stars to the 12th magnitude
which was used for the special USND P-
catalog predictions for lumar occulta-
tions a few years ago. | found nc oc-
cultations, the closest approach of
Kalliope to any Pleiades star being
16" {horizontal parallax less than 4")

The lupar occultation of Uranus and of
SAD 158687 in North America on Febru-
ary 10 have assumed special importance
for possibly improving the relative
positions of the two objects, which
could be crucial for observation of
the occultation of the star by Uranus
fr March. Prelimimnary astrometric ab-
servations tndicate a 1" error in the
star's position, more than an Earth
diameter at Uranus' distance.

OBSERVATIONS OF
PLANETARY OCCULTATIONS

David W. Dunham

On p. B85 of the last 1ssue, an obser-
vation of an occultation of SAQ 80046
by Saturn’s satellite lapetus by
Strauss in southern Brazil is describ-
ed. Prof. Jose Manoel Luis da Silva
reports that observations from two lo-
catfons in Curitiba, Parana, Brazil
were also attempted. Observing condi-
tions were good, but no occultation
was seen. The northern 1imit of the
occultation apparently passed between
Curitiba and Porto Alegre.

According to predictions by both Gor-
don Taylor and me, the path of the oc-
cultation of SAD 153844 by Pallas on
October 10 last year was expected to
be just off the California coast, but
with an uncertainty large enough that
the event might be observed from land.
The path also crossed Mexico, but aft-
er sunrise a short distance east of
the Gulf of California. Ir IoTA Spe-
cial Bulletin #2, distributed several
days befgre the event to observers in
western North America, | described
what to expect during the event, and
that an improvement in the prediction
would be attempted. During the morning
of Gctober 8, Dr. Arnold Klemola ex-
posed an astrometric plate with both
the star and mfngr plamet, at Ltick Ob-
seérvatory. He measured and reduced the
plate during the day, and phoned the
resulis to me that evening. Working
most af the night at the U.5. Naval
Observatory, 1 assembled computer pro-
grams which used Klemola's data to
compute a new path. The results were
that both Pallas and the star were a-
bout 0'4 north of their expected plac-
es. Consequently, the original predic-
tion was virtually unchanged, with

st1il an uncertainty large enough that
the event could be seen from Califor-
nia and Arizona. 1 made arrangements
to use the Federal Telephone System at
Goddard Space Flight Center the eve-
ning before the event, to contact many
potential observers, telling them that
there was a chance to record the oc-
cultation, Conditions were excellent
at most of the major observatories in
the Southwest, most of which attempted
to record the event with high-speed
photoelectric equipment. Unfortunate-
ly, none of them saw the occultation.
Numerous visual observers similarly
only saw the two ohjects merge with no
occultation occurring. Dr. Clark Chap-
man, Planetary Science Institute, Tuc-
sor, Arizona, organized an expedition
which ebserved the appulse near Kino
Bay, Mexico, at about longitude 112°
west, latitude +284°. This was near
the predicted northern 1imit, but they
saw no occuTtation, although they were
the southernmost observers. Richard
Nolthenius and John Hayes observed the
event from Jong. 110° 57' 36"2 W.,
lat. +32° 13' 439, height 2405 t.,
in Tucson, Arizona. According to Nol-
thenius, "Weather conditions were per-
fect, with no detectable scintillation
due to atmospheric turbulence. Trans-
parency was also excellent. Hayes ob-
served with an 8" f/6.5 Newtonian at
73 power while I used ﬁ 6" f/B Newton-
fan at 96 power. At 12"597M293%4 Uy
(+0%2, p.e. 0%6 applied) | saw the
combined object fade quickly by about
0.4 magnitude. Hayes commented immedi-
ately that the image did indeed look
fainter; however, due to some problem
with his vision at the time, he did
not see the step fading. The object
remained at this reduced brightness
for the next 5 seconds. At 12hsgmigs
125 1 readjusted my telescape, after
which [ no longer could tell {f the
image was sti17 at reduced brightness.
Ouring the next several minutes, no
stepwise brightening was noticed by
e{ther of us. Hayes commented at 12h
59M415 that as near as he could tell,
the image still appeared to be at the
reduced brightness, although it was no
longer unambiguous. He confirmed that
the image appeared fainter for at
least several seconds after the ‘D',
but after that it was unclear as to
whether it had brightened or not. He
guessed that he probably would not
have been able to see the anticipated
stepwise brightening."

If Pallas' diameter is 573 km, a re-
cent estimate, it would subtend 0"35
that night and a central occultation
would 1ast 1936, The change in magni-
tude at an actual occultation should
have been about 0.7. The path extended
rather steeply from nerthwest to
southeast, so Nolthenius was the
northernmost observer with respect to
it (the separation should have been
nearily 0'8 at closest approach). The
positional error should not have been
s0 large as to put Tucson near the ac-
tual! scuthern 1imit. At Kitt Peak, 50
km or 0Y03 in the sky closer to the
predicted occcultation, Don Wells saw
ne occultation using photoelectric e-
quipment. He writes, ". ., . there was
no difficulty at all in observing the
appulse due to the dawn, although by
15 minutes later it might have been
impossible. In addition, Gehrz observ-

ed the event visually with the 1.3-me-
ter and not only did not see an occul-
tation but also said that the images
appeared distinct even when closest
The seeing was superb, and this sug-
gests the centerline of the shadow was
probably 075 or more away from KPNO,
to the south, presumably.*

James McMahon at China Lake, Califor-
nia, was about the same distance from
the predicted line as Kitt Peak, and
also reported no occultation. So Nol-
thenius® “D" was probably a temporary
seeing fading, possible on even good
nights, but we can not be certain that
he did nat see an occultation since no
observations were made north {with re-
spect to the path) of Tucson. A photo-
electric attempt at Flagstaff failed,
and nobody observed visually there.
Variable clouds prevented observation
at Las Vegas, Nevada, and skies wers
overcast in northern California and
northward. In any case, during this
occultation, the minimum three tim-
ings, made from at least two widely
separated tocattons, needed to obtain
a measurement of the diameter of Pal-
las, were not obtained.

Eduardo Przybyl, Rafaela, Argentina,
reperts that, during December, clouds
and rain prevented observation of oc-
cultations of two AGK3 stars by 354
Elecnora predicted by Gordon Taylor
and of the passage of 535 Montague
across NGC 2168. An observation of the
occultation of SAD 79100 by Saturn's
satellite Rhea is described in the NEW
DOUBLE STARS section.

OBSERVATIONS OF M67 PASSAGES

David W. Dunham

Three passages of the moon across the
open cluster M67 in Cancer have been
observed since the last issue of o. ».
I computed and distributed predictfons
of occultations of numerous faint
stars during these events to many ob-
servers, using the U.S. Naval Observa-
tory's total occultation prediction
program, rather than the Jess-effi-
cient University of Texas prediction
program used for last June's passage.

Observations of occultations of stars
in and near M67 which | have recelved
since last August YSth are summarized
in the table, whose format fs similar
to the one on p. 88 of the Jast issue.
Under % Sunlit, "+" denotes waxing
phase TaTl observations dark-1imb dis-
appearances} and “-" signifies waning
{all dark-1imb reappearances}. Under
Telescope, the aperture in cm is given
EﬁaﬂfﬁTg_for reflector, R refractor.
Richard Nolthenius' observatfon of the
passage of 1975 October 28 is describ-
ed on p. 70 of 0. N, I, #7; it sparked
my interest in passages across clus-
ters other than the Pleiades, Hyades,
and Praesepe. But while going over re-
ports of Soviet observations, I found
that A. Zhitetski had timed occulta-
tions of 4 SAQ stars near M67 one si-
dereal month earlier. Sincheskyl's ob-
servations at Poltava during 1975
March 23 are remarkable considering
the brightness of the moon; the tete-
scope he used and the observing condi-
tions must have been exceptionally



qood.

If Price's and Senne's observation re-
ports had been received in time to be
tncluded in the table on p. 88 of the
last issue, they would have ranked 4th
and /th, respectively. Hazy skies pre-
vented more observations at Rolia. for
the same reason, Robert Sandy was able
to time only | event at Kansas City,
Missouri {rather than the 2 given in
the p. 88 table). So last June's pas-
sage remains the best observed, with
81 timings, 36 of non-SAD stars and 18
of non-BD stars, reported by 12 ob-
Servers,

I was fortunate #n obtaining, with
Wayne Warren's help, permission to ob-
serve 1ast September’s M67 passage
with the 9).cm Cassegrain reflector at
Goddard Spaceflight Center’'s Optical
Facility. Joan Dunham, Curtis McCraken
and Rick Skitllman provided valuable
assistance. The value of using a large
aperture was emphasized by the fact
that Warren was able to time only 2
reappearances with a nearby 11-cm re-
flector. Skites were hazy, with patchy
cirrus clouds, so that numerous events
were missed which could have been tim-

ed if skies had been ciearer. Also,
neariy all timings were made at less
than 20° moon altitude. Observing con-
ditions were considerably worse due to
the urban surroundings of the U.5. Na-
val Observatory, where Yan Flandern
observed. Poor conditions also hamper-
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ed Makamura and Wieth-Knudsen during
the following two M67 Passages.

See Richard Binzel's article for a
list of occultations across M67 and
other galactic-nebular objects during
the first haif of 1977.

H Tele- Non Non

Date Sunlit Observer scope Total SAQ BD
1975 March 23 81+ B, Sincheskul, Poltava, Ukraine, USSR 20R 11 5 4
Y. Mazhorovski, Poltava, Ukraine, USSR 8R 3 0 0

¥. Vaselev, Leningrad, Russia, USSR 16R 3 3 1

A. ZIhitetski, Kiev, Ukraine, USSR 24R 2 0 o

1975 et Y 23- A, Zhitetski, Kiev, Ukraine, USSR 24R § c ¢
1976 June 3 24+ Ronald Price, Garland, TX, USA 3L 9 8 5
Joseph Senne, Rolla, MG, USA 20L 3 0 0

1976 Sept. 2G 15- David Dunham, Greenbelt, MD, USA 9L 15 1110
Wayne Warren, Greenbelt, MD, USA L 2 0 0

Thomas Yan Flandern, Washington, DC, USA  62L 1 0 0

1976 Oct. 17 36- Katsuyuki Nakamura, Shizuwoka, Japan 40L, 1 0 ¢
1976 Nov. 14 59- Antonio Satazar, San Fernando, Spain 15R 4 T
N. Wieth-Knudsen, Tisvildeleje, Denmark 3L 4 ? T

POSITION ANGLES FOR OCCULTATIONS
David Herald

Occasionally there have been reports
to [0TA of successfully observed oc-
cultations where the observed position
angle of the event differed widely
from the values listed in the USNO
predicttons. Almost invarlably, in
these reports, the actual time of the
event corresponds very well with the
predicted time. In these cases, it is
almost certain that the apparent dis-
crepancy is a result of either obser-
vationa)l uncertainty or confusion as

to which angle listed in the predic-
tions is the appropriate one for the
observer's method of determining an-
gles. To avoid any confusion, if it
exists, [ give here the meaning of
each of the four angles provided in
the predictions, CA, PA, VA, and WA,
together with an indication of when to
use them.

PA. This is the "Position Angle” of
the event, and is the fundamental an-
gle derived from the prediction calcu-
Jations. It is measured from the north
point eastwards, 0° to 360°. It 1s ex-
actly analagous to position angles for

LUNAR OCCULTATIONS OF MINOR PLANETS 1N 1977

This information was prepared by H. M.
Nautice)l Almanac Qffice, with X sunlit
added by David Dunham, using data from
the American Ephemeris and Nautical
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Approx. %

Date U. T. Snl Minor Planet Mag.
mar. 12 18" 26- Parthenope  11.
Mar. 25 17 30+ Europa 12.
Apr. 9 12 65- Parthenope 1.
Apr. 24 18 32+ Eleonora 11.
Apr. 29 00 74+ Hygiea 10.
My 7 01 83- Parthencpe 10.
May 23 M 22+ Elektra 13.
May 26 13 54+ Hygiea 11.
June 23 06 36+ Hygiea 1.
June 26 18 74+ Metis 10.
July 28 05 54+ Metis .
July 27 13 88+ Davida 12.
Nov. 5 D6 40- Iris 10.
Nov. 14 19 17+ Laetitia 1%.
Dec. 7 19 13- Psyche 12.
Dec. 13 0OC 8+ Laetitia 12,

(=3 oo

Almanac. Detalled predictions will be
available later for users of large
telescopes, especially for photoelec-
tric observers.

Mighttime Area of Visibility

Indonesia, New Guinea, N. Australia,
and east to Fiji Islands.

5. E. England, Central Europe, South
Western Asia.

South Pacific Islands (Cooke).

Cape, South Africa.

N. E. Canada as far west as Nova 5co-
tta, Greenland, Western Europe, W.
Narth Africa.

South Atlantic, South Africa,
Madagascar.

South Pacific Islands (Cooke).

China, Japan, Philippine Islands, Bor-
neo.

Hawaii, West Coast Central North Amer-
ica.

Antarctica.

North Pacific - Hawaii to Mexico.
Australia (except extreme N. Points),
Tasmania, N. North Island Mew Zealand,
and east to Fiji Islands.

Brazil

West Coast Central Southern Africa.
North East Australia, New Guinea, Fiji
Islands.

South West Canada, Western U.S.A.

double stars. This angle is of most
use for equatorially mounted tele-
scopes.

VA. This is the "Vertex Angle”. It,
as with the PA, s measured anticlock-
wise from north through east. However,
the zero point in the YA scale 1Is at
the apparent vertex of the moon as
seen from the observer's site; 1.e.,
from that point on the moon's limb
farthest from the horizon, This angle
is primarily for use with altazimuth-
mounted telescopes, where the mounting
makes the moon's vertex easy to lo-
cate.

CA. This {s the "Cusp Angle”. As the
name suggests, it is the angle measur-
ed from the cusp of the moon. Conven-
tion decrees that it be referred to
the nearest cusp (i.e.. is never more
than 90°}, with the cusp identified
thereafter. Uswally it is N or 5, but
near new and full moon, it may be £ or
W. Also, it is positive against the
dark limb, negative against the
bright. This angle is very convenient
to use, as the cusps provide a conven-
ient reference point. However, near
new and full moon, particularly full,
it fs extremely difficuit to accurate-
1y locate the actual cusp, thus bring-
ing a large degree of uncertainty into
where one should look, particularly
for reappearances or for very diffi-
cult events.

WA. This is the "Watts Angle". Used
correctly, ft overcomes the problems
of the CA. Essentially, the Matts an-
gle is measured anticlockwise, north
through east, with the zero at the
moon's north pole. Thus the MWatts an-
gle can be used to relate the location
of the occultation directly to the
mocn's surface features. Most conven-
iently, this is done by marking, on a
map of the moon, a scale starting with
G° at the north pole, through 90° at
the lunar west [Ed: west in the IAU,
rather than classical, sense] point
{near Oceanus Procellarum) and s0 on
through south and east (near Mare
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Crisium). The Watts angle for an oc-
rultation when referenced to the map
then shows where the occultation will
occur. A1) one has to do then is to
locate features near that point. But a
word of warning: Yo accurately esti-
mate the location of the occultation
point using this method, one should
take into account, at least approxi-
mately, the lunar librations, which
have the effect of moving the apparent
locations of the features on the lunar
dtsr.. The librations are listed in the
predictions. Space is too limited here
to qive a detailed explanation of how
to do this. [fd: but see . w. 1, 18,
second column (#2)]

LUNAR OCCULTATIONS OF PLANETS
Michael D. Reynolds

1976 July 21 - Occultation of Jupiter
and satellites Europa, Ganymede, and
To by the moan. Three observers, G.
Blow, B, MWenzies, and Y. Stewart were
able to make visual observations of
the reappearances of Jupiter and its
mocns Europa, Ganymede, and [o. The
observations were made near Auckland,
New /ealand. The observers had hoped
to record photoelectrically the reap-
pearances of the moons, but were una-
ble to do so, due to a number of dif-
ficulties. The map is on p. 72.

1977 January 1 - Qccultation of Jupi-
ter and satellites Callisto, lo, Euro-
pa, and Ganymede by the moon. Observ-
ers in two neighboring states of Bra-
il were able to make visual observa-
ttons. At Rip de Janeiro, 0. Tavares,
0. Chaves, P. Alonsc, and V. D'Avila
observed the [ of each of the five ob-
jects. At Atibata, A. P. Martins ob-
served the D of Callistc and the D and
R of Jupiter, and B. A. Borghi observ-
ed the D of Callisto. At Campinas, M.
F. Olivera observed the D of Jupiter,
while the D and R of Jupiter and the D
of Ganymede were observed by J. C. F.
Lobo, J. C. R. Vieira, and R. Previ-
talli. Also at Campinas, J. Nicolini
attempted to observe these phenomena,
but was foiled by microclimatic condi-
tions argund his 4th-floor apartment.

!
[
. BT

1977 February 10 - Occultation of
Uranus by the mcon. With the number of
expeditions planned for the Uranus cc-
cultation, some data should be col-
lected. If you are able to observe the
occultation, please send a capy of
your report to me at 61C Florida Blvd,
Neptune Beach, FL 32233, Include in
your report {and all reports of occul-
tations of planets, at least those
sent to me) a list of all observers
(Tet me know if you attempted the cc-

cultation and were clouded out, etc.),
data collected, where the event was
observed, the data, any "unusual” hap-
penings (arrested by palice, etc.),
the event itself {Don't leave me gues-
sing!}. Good luck and qood observing.

i\

[The maps showing the regions of visi-
bility of lunar occultations of plan-
ets are reprinted by permission from
the Japanese Ephemeris for 1977, pub-
lished by the Hydrographic Department
of Japan.]

MORE ON A DIGITAL STOPWATCH
Richard P. Binzel

1 recently purchased an electronic
digital stopwatch from Edmund Scien-
tific Co.(Cat. #1671, @ $459.95). Sili-
conix, Inc., is the manufacturer.

it reads in increments of 0?1. and
conforms to the stated accuracy speci-
fication of 0.002% (about 0307/hour)
It has an operational specification
down to -25° C. I checked it, outdoors
at -18° C, recently, and also at -22°
tn a deep freezer, and found that it
remained accurate.

One of the nicest features is the
split function, which is in addition
to the start, stop, and reset func-
tions. The split functicn freezes the
display while the internal timer con-
tinues. A second operation of the
split button resets the display to the
total elapsed time since the watch was
originally started. Thus, once the
watch is started in synchrony with a
WWY signal, an cbserver could time an
unlimited number of events using the
split button, recording the event time
immediately after each press of the
button, and then repressing the split
button to return the display to the
actual time. I recently timed a six-
event graze this way, because WWVY re-
ception was very poor.

The $49.65 price is not outside the
price range of high quality mechanical
stopwatches, and the price probably
will drop, as has been the case with
calculators and digital wrist watches.
[ recommend this stopwatch highly.

TIME QUT FOR TIMEKUSE
Mark Trueblood

According to Tom Harris at Radio Shack
corporate headquarters, they are not
now marketing Timekubes, but they will
start selling them again next spring.
They are having trouble getting crys-
tals {thanks to the flood of (B or-
ders), but they expect to start ship-
ping from Taiwan on February 28, in

time to have them on the shelf the
first week in April. Two models will
be available: 1) wWw¥ on 5, 10, and 15
MHz, and 2) CHU [Canadian Time Serv-
1ce) plus two channels of WWY {probab-
ly 5 and 10, but {'m not certain)
Each mode? will sell for $31.95, but
the CHU model will only be available
in New England. Those in other parts
of the ccuntry who ge on expeditions
to New England can order the CHU ver-
sion from the Boston warehouse: Radio
Shack, 100 Mazzec Dr., Randolph, MA
02368, ph. 617/963-7410. The 3-channel
WWV model should be stocked in all
store locations across the country,
obviating the need far special order.
Those with further questions should
contact Tom Harris at Radio Shack,
2617 West 7th Street, Fort Worth, TX
76107, ph. B17/335-3711.

[Ed: Now that the N.B.S. has agreed to
continue to broadcast time signals on
2.5 MHz, there is renewed motivation,
for those capable and willing tc do
50, to put together their own version
of the Timekube. See the article: C.
Caringella, "8uilding a Three-Channe!
Time Receiver,' Popular Eiectronics,
31, #6, p. 33 (Dec. 1970). At today's
prices, a complete 3-channel receiver
can be assembled for about $25 to $30,
including a metal case. Add about $5
to 36 per channel (two coils and a
crystal) for each additional channel
desired. An Elgin, I1linois-based
group is designing a set updated from
the 1970 original, and occultation
Newsletter will publish an article,
including circuft diagram, when the
new protatype has been completed. ]

AUCITORY ELECTRONIC OCCULTATION TIMER

Clifford J. Bader

With the advent of crystal-controlled
timepieces utilizing digital display,
it nas become possible to dispense
with the inconvenient and urrelfable
radio time signal for both grazes and
total occultations. Not only is the
accuracy of such watches adequate (+
052/day or better), but the error is
systematic and easily accounted for;
furthermore, the digital display makes
possible setting and synchranization
to better than 0%7. For occultation
timing purposes, the only problem in
using such a timepiece is that of
transferring the time to the tape or
other medium used to record the event.
I have solved this problem by con-
structing an electronic time-mark gen-
erator, which can be synchronized or
corrected to within a few milliseconds
of the standard, and which provides
auditory tone bursts marking the sec-
onds and half minutes. The tone bursts
may be transferred to the tape along
with the observer inputs, or may be
utilized directly for eye-ear timing.

The timer uses complementary metal-ox-
ide-semiconductor (CMOS) integrated
circuit logic, which is now starting
to appear at low prices on the surplus
market, and which offers very Tow cur-
rent drain and uncritical suppliy-volt-
age requirements. The unit includes an
AC supply for line operation, but will
work with any battery supply of 6 to
12 volts. No attempt {s made here to
show circuit details, which | will



provide to interested parties if re-
turn postage is supplied.

A block diagram is shown. The time
base 15 a crystal oscillator operating
at 409.6 kHz. The basic clock frequen-
cy 15 divided by 2172 = 4096 in a bin-
ary ripple counter, producing pulses
at 10 ms intervals, and¢ is then fed to
control c¢ircuttry which permits the
pushbutton addition or deletion of
single clock pulses, 1n order to ad-
just the timing to that of the stand-
ard. fach time the "advance” button is
depressed, one extra pulse 1$ added
between two 0f the regular clock puls-
es; when the “retard” button is push-
e¢, one clock pulse is omitted. It is
thus possible to adjust the timer for-
ward or backward in 10 ms increments,
which 1s about the minimum interval
detectable by ear-ear, eye-eye, or
eye-ear comparison. A decade divider
further reduces the ciock rate to 10
pulses/second. Another decade counter
produces & one second interval and al-
50 provides ten sequentially activated
outputs of 051 each. The first (zerc)
output 1s used to gate the tone oscil-
lator, which therefore produces a 01
burst commencing on the second. All
ten outputs can be switch-scanned to
move the timing lamp flash to coincide
with a recorded event or with a time
standard. Al) counters are reset to
2erc by a pushbutton.Divide-by-si1x and
divide-by-ten counters are cascaded to
generate the minute. The output of the
last counter is "high" for 30 seconds,
and "low" for the next 30; it is used
to select either the basic tone or the
tone frequency divided by two. The
gating is arranged so that the tone is
low (about 400 Hz) during the first
half of the minute and an octave high-
er (800 Mz} during the second half;
this scheme provides the cbserver with
minyte and half-minute markers, and
provides a continuous indication of
which portion is in progress. The 0°1
duration furnishes a crip beat and fa-

ctlitates eye-ear interpolation.

Extreme frequency accuracy is not es-
senttal, since the accumulated error
during an operating periocd can be de-
termined readily, and corrections ap-
plied, or periodic advancement or re-
tardation can be made. Consequently,
no voltage requlation or crystal oven
is included. Surplus low-frequency
crystals are available at very low
prices (75¢); the nearest available
frequency is 409.722 kHz. The os¢il-
lator circuit has sufficient frequen-
Cy-trim range to permit the desired
frequency of 409.600 kHz to be reach-
ed, although even without trimming,
the error of about + 13/hr is tolery-
ble. The timer can be set to a radio
or telephone time signal by ear com-
parison; this method is particularly
accurate with the WWY tormat, since
the count may be advanced in 10 ms
steps until the tone burst just oblit-
erates the seconds tick. Used in this
mode, it als<p permits accurate medas-
urement of digital watch error, since
the timing lamp flash may be varied to
coincide visuatly with the watch dis-
play and the tenth-second readout ob-
tained from the scanning switch. When
synchronizing to the watch without
time signals, several options are
available; the timing lamp may be set
on Zero and the watch error accounted
for in the data reductyon, or the tim-
ing lamp may be offset to compensate
for the watch error. Alternatively,
eye-ear synchronization may be used.
In any case, the reset button is held

1977 OCCULTATIONS OF BRIGHT NON-SA0 STARS, Richard P. Binzel

As was reported on p. 58 of 0. w.

7, (#7), there are perhaps several dozen stars

brighter than mag. 8.6 which have not been included in the SAQ Catalog and hence

are not included in the USNO total occultation predictions.

The reason for their

exclusion stems from lack of knowledge of their proper motions. However, they
are all included in the Yale Catalogs. Although these stars have not yet been
inciuded in the USNO total accultation predictions, they have been assigned USNO
reference numbers prefixed by the letter (, and special predictions for the {
stars have been computed, Listed below are predictians for favorable (mocn less
than 707 sunlit) occultations of Q stars mag. 8.1 and brighter, for 1977. Ob-
servabtlity codes were assigned without considering sun and meon altitudes.

1977 USNO T SN MN
Date U T /Ph Ref No O Mag Sn! AL AL CA PA Place
Jan 16 19"57™3/R Q00028 7 8.1 T0- 8 61N 308 Tokyo, Japan
dan 17 18 56.9/R QO0036 7 8.0 4- - 4 13 305 220 Melbourne, Australia
Feb 14 Ot 01.7/R (QOO035 7 B.0 19- 11 64N Z29R Pretoria, S. Africa
0 12.9/F Q00035 7 B.0 19- 8 825 264 Capetown, 5. Africa
02 25.9/R Q00036 7 8.0 139 29 675 249 Pretoria, S. Africa
Mar 12 09 05.8/R QUO024 6 8.1 51- -11 21 B8N 276 Deer Lake, Newfoundland
Mar 13 Q0 32.2/R Q00G27 6 8.1 44- 74 46N 314 Capetown, S. Africa
06 37.9/R Q00034 6 8.1 4)- 52 61N 299 Recife, Brazil
06 54.2/R Q00035 7 8.0 4i- 37 745 253 Buencs Aires, Argentina
Apr § 07 18.5/R QQ0027 5 B.1 67- 65 31N 327 Buenos Aires, Argentina
Sep 20 17 34.5/D QOOD?7 6 B.1 52+ 44 565 124 Melbourne, Australia
11 48.8/D Q00027 & B.1 52+ 35 B3S 98 Brisbane, Australia
16 40.5/D Q00035 & ®.0 55 -9 82 625 117 Pretoria, 5. Africa
Gct 16 26 49.7/0 400023 7 8.1 21+ - § 44 53N S5 Recife, Brazil
Oct 17 17 20.5/0 QG027 7 B.1 30+ 38 H6N B Pretoria, 5. Africa
J349.7/0 Q00035 7 B.O 32+ 17 645 113 Recife, Brazil
Oct 38 "0 47.9/1. Q00036 7 8.0 33+ 79 18N 15 Miami Springs, Florida
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down until the minyte begins, and then
released; the timer is then advanced
to compensate for reaction time.

Originally buiit to supplement radic
signals for eye-ear timing, and later
modified to include the chronegraph
feature, the timer has accounted for
some 150 total occultation timings and
two grazes, With the addition of a
digital watch, ft has become the key
to the utilization of a completely
portable and uninterruptible time re-
ference.

GRAZE LAYQUT MEASUREMENT TECHNIQUES
H. F. DeBoli

Finding one's observing coordinates
can be as simple as setting up on top
of a landmark which appears on the to-
pographic map of the area, and scaling
the coordinates directly from the map.
As there seldom will exist an ideally
spaced group of surmountable land-
marks, a multi-observer expedition
usually has to employ some sort of
ground measurements {but see [. A.
Howe, “The Feastbility of Applying the
Active TvTime System to Automatic Ve-
hicle Location," mavigation 21, 9-15
{1974), which was reviewed by David
Dunham, on p. 89) to refer the obsery-
ing positions to mapped landmarks, at
least one of which usually wiil e a
straight road. If one has calibrated
his pace or stride carefuily, stepping
off the distance is satisfactory, if
the offset is not so great as to aliow
the accumulated error to grow tog
large. While an error of even up to
100 feet, including the error of the
map, itself, may be allowable, most of
us try to hold the measurement error
to something like 5 to 10 feet.

In the "Geodetic Graze Program", accu-
racy criteria were more stringent. Map
error was largely eliminated by refer-
ring positions directly to U.S. Coast
and Geodetic Survey horizontal contrel
station markers. Although we were not
required to do so, my group once form-
ed 4 3-man survey crew, using transit
and steel tape, to set out stakes di-
rectly related to the h.c.s., for an
expedition of about 20 observers. Some
of the stakes served as tables into
which tacks were driven, at locations
known to an accuracy at least 3 orders
of magnitude better thamn was needed
for even a geodetic graze. Predicta-
bly, the sky was clear enough to bring
att all the observers, but with some
streaks of cloud in the worst place.

Far another geodetic graze expedition,
we used a bicycle whee! (and front
fork) whose circumference was accu-
rately known, having been calibrated
against a 200-foot steel tape only
about one hour earlier. The wheel was
used to mark off whole numbers of rev-
ofutions, and was supplemented by a
12-foot steel tape for fractional
parts of revolutions measured along
the road, and for offsets from the
centerline. That night, the sky was as
clear as 1 ever have seen it. All ob-
servers saw a miss.

The hi¢cycle wheei technique is quite
practical, either as a secondary
standard for measuring, or as a means
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nf interpolating between landmarks,
Lut 1f one man is trying to do the
layout by himself | he might have to
carry A knapsack full nf station mark-
wry o aloneg the route, and <1111 would
have to bake hack tog hiy car (M
caurse, the fine measurements, with
the teel tape, may be neqlected, for
ordinary qrazes

An advantaqge of using a cable 15 that
the rlectrical breakouts, for the ob-
servers’ signaling devices, are lnrat-
ed At predetermiped intervals, 4o that
tf the cabile 15 laid along a straight
roal, establishing the location of any
breakout makes it possible to calcy-
Tate the positions of all the others
There 15 al<o the associated disadyan-
tage of relatively inflexible spacing
of nbservers, The Milwaukee cable
tratler ts equipped with a wheel,
flexible shaft, and mechanical counter
arranyement for measuring from a land-
mark to a breakout, to a precision
considerably smaller than one fogt.
Similar devices are available commer-
13ily, fur mounting on passenger ve-
htcles. A< the wheel is neither power-
ed nor braked, degradation of accuracy
hy slippage hetween whee! and road
surface iy negligible.

In the techniques discussed below,
slippage can affect accuracy, but wil]
not be assessed here, as this factor
depends only on drrving hahits and on
condition of tires and road surface.
Indexing, or the ability to judge when
the vehicle is exactly opposite a sta-
tion marker or landmark, is neglected.

iwo observers with an automobile are
equipped to do a graze layout. At the
frrot landmark, a chalk mark or piece
of tape is put on one tire, so that
the more athletic {or less agressive)
uf the two observers can audibly count
whole revolutions as he trots along-
side the car. It is not even necessary
to valibrate the wheel, as long as a
final landmark, near or beyond the end
of the strirq of observing stations,
iv counted.

The ordinary odometer in the instru-
ment paneil ot an automobile can be of
help tn deciding where to put station
markers, hut it is not accurate enough
Lo use 3s the basis for calculating
their positions. There are those who
feel that 1t can be accurate enough if
the stations are placed only at loca-
tiurs corresponding to certain rela-
tionships between the right-hand digit
of the odometer (the tenths register)
and the cut-out in which it appears,
such as having the top of the figure
appear to be just in contact with the
top of the cut-out. My experience in
checking this technique against accu-
rate devices indicates that it is not
unusual tor the error to be between 50
and 100 feet.

Precision cdometers, graduated in hun-
dredths of a mile {and [ think, hun-
dredths of a kilometer) have been
available, from time to time, as
built-in options on some cars, and as
accessuries for athers. David Dunham
brought this tc the attention of graze
expedition leaders in 1972. I had one
installed in the 1968 Pontiac Tempest
which [ drove until recently. The pre-

c1s10n pdometer went about 70,000 or
B0,000 myles before [ =ad to replace
1t. The replacement outlasted the Pon-
tiac, but | ¢1d not bother tn remove
the odometer when selling the car, as
the type of gttachment of the <peedom-
eter cable to the instrument case is
different in the newer cars. The ac-
cessory screw-ont branch cahle connec-
tion 15 not compatible with the clamp-
on speedometer cable connections now
used. Currently, I don't know of any
source of accessory precision odome-
ters, with either screw-on or clamp-on
arrangement. Those who 3till have the
wstruments find them quite useful
With direct reading to a hundredth of
a mle, one can estimate to a thou-
sandth (about % feet). By taking 3 or
4 sets of readings on landmarks and
station markers, and averaging the re-
sults, one can he pretty sure that the
locations are known accurately enough.
For measurement purposes, the readings
should be considered to be in units of
unknown length, to he used to interpo-
late between landmarks, rather than
being accurate in terms of miles or
kilaometers; for help in deciding where
to lay out station markers, the mile
or kilometer values are good enough.
Backlash in these devices can be con-
siderable, so ane must not back the
car during a measuring run. Accuracy
is significantly deqraded by resetting
to zero during a run.

More precise and accurate, although
less convenient for layout purposes,
is a mechanical counter attached tc
the hubcapg of the car. The first such
installation of which [ am aware was
completed by John Phelps, about two
years ago. The rotating input shaft of
the counter is made to lie alcng an
extension of the axis of rotation of

a wheel of the car. The shaft of the
counter is usually off-center with re-
spect to the mass of the counter. With
the counter supported by the shaft,
the wheel, hubcap, and shaft of the
counter rotate together, and gravity
keeps the counter itself in a roughly
constant orientation with respect to
vertical. The count goes up or down,
depending on the side of the car cho-
sen. My counter is probably typical,
in having a single-thread worm drive a
12-tooth worm gear. As the ten inte-
gers of the least significant column
are incised on & cylinder which is
solidly attached to the worm gear, it
takes 12 rotations of the car wheel to
make 4 difference of 10 in the count
reqistered. With my car, each unit
change represents about 8.6 feet, and
I can measure abput 1.6 miles before
having to add another digit to the
left of the readout on my 3-digit
counter. Again, one can estimate to a
tenth of an integer, for precision of
better than a foot and accuracy cer-
tainly better than 2 feet. As above,
the readings should be used only for
interpolating between Tandmarks, but
with this device, a single set of
careful readings should be adequate.
Backing the car during a run is per-
missible, as backlash is insignificant
in relation to the accuracy tolerance.
Carefully resetting to zerp during a
run degrades accuracy only insignifi-
cantly, if at all. It is inconvenient
toe have to stop the car and step out-
side, in order to read the counter,

which detracts from its utility in
helping to prck positions for markers
With this device, and with the next
one described, the shatt shouyld remain
attached to the hubcap unly when mak-
ng a3 run, Lo dvold excessive wear,
corrosion, and accidental mechanical
damage. This is an inconvenience, but
by the same token, it is much easier
to adapt the arrangement to a differ-
ent car than it would be to transfer
ang reinstall a precision odometer.

Recently I have finished building and
making dry runs with an electronic de-
vice which | feel will be more ysefy!
than any of the devices mentioned
above. It is a solid-state counter,
triggered photoelectrically. The car's
cigar lighter receptacle is used as
the 12-volt power source. The photoe-
lectric remote unit is mounted on a
hubcap, which is the base on which an
axial shaft fs mounted. A thin circu-
iar aluminum shield is mounted concen-
trically on the shaft. Bearings on the
shaft support a housing which contains
a commercially available interrupter-
type infrared emitter-receptor combin-
ation. Within the heusing, the outer
portion of the circular shield rotates
between the poles of the photoelectric
device, and cuts off the light beam
except when it reaches such orienta-
tions as to interpcse some drilled
holes between the poles. The counter
will register as many counts per rota-
tion as there are holes drilled in the
shield at the appropriate radial dis-
tance. The housing could be allowed to
maintain orientation by gravity, but
there is a good possibility that pen-
dulum action could preduce some spuri-
ous tounts when the car is braked to a
stop, so | prefer to maintain orienta-
tion by connecting the housing to a
fender, by means of some rubber bands
and a padded C-clamp. The greatest
source of inaccuracy of this device
seems to me to be the possibility of
adding two extra counts if the car is
allowed to roll backward slightly,
after coming to a stop: it will count
only upward, whether the car is moving
backward or forward. However, if one
deliberately backs, and carefully
notes the number of counts added while
backing, and subtracts twice that num-
ber, the final figure still will be
accurate.

IR

[ chose to drill 5 equally spaced
holes in the shield, and to have a 4-
digit display on the counter. Then
each count represents about 17% inch-
es, and the car goes about 2.7 miles
before the counter recycles through
zern. As there can be no interpolation
between counts, the most likely lpca-
tion would be represented by the num-
ber displayed plus &4 count, with prob-
able error of & count, or about 4.3
inches. The probable error in a dis-



tance fdeternined by subtracting one
readout froe another will %e a little
lesr, than a third of a count, or about
Yy gnches, A, with the mechanical
countar, the readings should be used
nnly for tnterpniating between land-
marks, but a single set of readings
whould be adequate. Mo inaccuracy 1%
intraoduced by resetting to zern

The: rabinet 'n which Lthe counting umit
iv mounted had to he modified to make
it wedge-shaped, 50 that it can 1t
conveniently on the dashboard, where
1t iy useful bath 1n making the nec
poLary measurements and as an aid to
chuosing observing station sites. The
ginplay, with 1ty O.3-inch fiqures, 1s
wvery bright and easy to read under any
lighting conditions except when bright
sunlight falls directly an the numer-
als, a qreat mprovement, 1n that re-
spect, over both the precision odome-
ter and the mechanicel coumter.

I chose to put together a straightfor-
ward system including 3 1ntegrated
tircuits {decade rounter, BCO decoder-
driver, and 7-seqment LaAsP display)
fur each of the 4 digits, plus a
Schmitt trigger to sharpen the input
pulses, rather than to use a strobe
system, which would have been more
complicated, but more economical of
epergy use as well as in cost of com-
ponents. The bare-bones electronic
parts {IC"s, sockets, resistors, ca-
pacitors, and photoelectric device)

1975 TOTAL OCCULTATION TALLY
Raymond finkleman

The 1975 Total Occuitation Jally is
the most comprehensive listing ever
published. [t includes 494 observers
of 35 countries and a total of 8788
observations.

The data for the Yisting were consoli-
dated from many sources with the as-
sistance of several people. The major
source of observers was the tape list-
ynyg of observations received by Thomas
Van Flandern from H.M.N.A.0. in Novem-
ber. The tape required quite a lot of
reducing as stations were only identi-
fied by city and coordinates, and not
by name. ¥an Flandern was able to ma-
chine match the H.M.N_A.G. tape with
the U. S. Navai Observatory address
and observer listings for half of the
stations. Richard Nolthenius keypunch-
ed approximately 100 observers' cou-
pons onto cards. The coupon program
will be continued for the 1976 tally
(A coupon is included with this is-
sue,}. In Noyember, we received the
Czechos)ovakian Bulletin listing their
total occultation observations and in
December the Russian Bulletin was for-
warded to David Dunham from Dr. A,
Osipov, Kiev, Ukraine, U.S.S.R. Mac-
Donald Observatory has a photoelectric
total occultation observation pregram.
The observations for 197% were report-
ed to us in two parts, "Fhotoelectric
Measurements of Lunar Occultations
VII: Further Observattonal Results” by
John Africano et al, Astronomical 1.,
s0, 689, and a pre-print supplied by
Frank Fekel of the University of Tex-
as. In December, Yan Flandern received
the Japanese observations on magnetic
tape. The only observer identification

cost about $40 at retar]
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{ase, cun- s oae aftected by low temperatures,

nectors, reset switch, ard —1scellane- ard it ‘< improbable that a cold hub-
ous hardware added about $15 Praces car-rnprted anit will provide pulses
mentioned include series 74 1C°s, o far from specifications as to af-

whose performance 15 quaranteed nnly
from 07 to 707 (, as rompared with

-h%

The observers listed below are acknow-
ledged to have made occultation obser-
vations duriny the eclipse of 197% No-
vember 18-19. Since thelr gbservations

to +125% (.,
were used. As the counting unit s

kept inside the car, almost on top of
the defroster vent, 1t 15 not likely

fect the count. At a temperature of
aver D, proper aperation of a
counter would be the least of my wor-
ries! | would be happy to furnish any
details desired, including a circuit
dragram, to anyone i1nterested.

1f seres 54 10

UPDATE 1O 1975 NOVEMBER 18-19 ECLIPSt OCCULTATION TALLY
Raymond Finkleman

arrived too late for inclusion in tne
earlier article (iccultation Newslet-
rer, 1, B2), the tally should be up-
dated as follows:

Ron Non
Rank Observer Total R's SAC 80
1.5 T. 7. Dwordk, Fort Skala. Poland 5 2 1] 0
4.4 M. turpinska, Fort Skala, Poland 4 1 6 0
14.6 J. VanderMeulen, Wognum, Netherlands 4 0 1 G
14.8 Y. Kapknwv, Kazan, USSR 4 0 0 0
15.5 M. Winiarski, Fort Skala, Paland 3 1 1 1
205 k. Boschloo, Almen, Netherianlis 3 0 0 ¢
22.5 J, M Kreiner, Fort Skala, Poland 3 1] 0 Q
36.5% V. Borovskic, Kazan, USSR ? 0 0 0
38.4 A, Kulak, Fort Skala, Poland 2 0 0 0
3H.6 A. Mesherikoy, Rizan, USSR 2 0 0 0
38.8 J. Mietelaski, Fort Skala, Poland 2 0 0 ¢
41.5 M. Shpekin, Kazan, USSR 2 0 Q o]
48.5  Anonymows, 0D 1M 22517, 51° 13" 21V 1 0 1 o
a9.5 1. Chuginov, Kazan, USSR ] 0 0 0
214 54 7 15

New totals for all 76 observers:

able to be reduced from the tape was
the observer's initial and first three
letters of the last name. We attempted
to determine the station and full name
of each observer from a 1974 publica-
tion, Since some observers were not
included in that article, there are a
few Japanese observers who are not
completely identified. Early in Janu-
ary we recetved the Polish observa-
tions listed in Acta Astronomica ["0Oc-
cultations of Stars and Planets by the
Moon (Qbserved at the Cracow Astronomi-
cal Observatory in the Years 1974-
1975" by A. Michalec, acta Astronomi-
ca, 26, 387). Incidentally, that pub-
lication is the first major astronomi-
cal journal tc reference nccultation
Newsletter, for their 1975 November
eclipse occultation observations.

The ranking of the observers is by the
value of their observations. This was
determined by the formula ¥ = D + ¢R,
where ¥V = value, D = tctal number of
disappearances observed, R = total re-
appearances observed, and ¢ is a cor-
recting factor. The correcting factor
is the ratio of R/D for the complete
1isting. For this tally, one reappear-
ance observation is the equivalent of
3.03 disappearance observations. If
two or more observers have identical
values, they are listed alphabetical-
ly. Observations identified by obser-
vatory only are listed after the named
observers, alphabetically by city. For
some observations we have oniy the co-
ordinates of the station and/or their
city, in which case they are lTisted
after the observatories.

There is some coding within the list
itself. If the name of the abserver is
included in quotes there is some doubt
as to the abserver identification

[More than one observer at the site is
possible.}. If only the observatory or
statton name is given, there is prob-
ably more than one observer at that
station. After the location there may
be an asterisk indicating photoelec-
tric observations. [f not all cobserva-
tions were photoelectric, the number
which were is after the asterisk. This
number is followed by a comma and
another number indicating reappear-
ances recorded photoelectrically, 1f
there were any. An unknown number

of photoetectric observations is in-
dicated by a quote mark after the as-
ter{sk. After the observer's name

are given the city, state, province,
republic, or country of his principal
observing site. In some cases, the
country is listed before the city. As
noted earlier, some observers could be
identified only by coordinates. Longi-
tude is listed first (+ = west) in
hours, minutes, and seconds of time,
then latitude {+ = north) in degrees,
minutes, and seconds of arc.

This is the first time that "Total
Non-5A0 Stars Observed" have been in-
cluded in the listing. It should be
noted that this column may be incom-
plete since non-SA0 stars are not in-
ciuded on the tapes supplied by H.M.N.
AR.0. and the Japanese,

It is our hope in the future tc use
mainly the H.M.N.A.0. tape cf observa-
ticns for our tally. Therefere, ob-
servers are requested to get their
1976 observations to H.M.N.A.0. at
least by April or May to be included
on their tape listing. (Address: H.M.
Nautical Almanac Office, Royal Green-
wich Observatory, Herstmonceux Castle,
Hailsham, Sussex, BN27 1RP, England)
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The 1975 occultation count couwpons USMO value code total for the ranking your USNO valtue code total, found by
were indispensable for preparing this rather than the simpie increased aqmng the value code in the USNO pre-
tally. Observer identificattion may be weighting of reappearances which has dictions for each of the events you
included in H.M.N.A.0."'s data for been used. We plan to get the value observe, on the enclosed coupon.
1976, in which case, there will be code total through reduction calcula-
less need for the coupons; but we will tions at USMO using the individual ob- Many thanks to Richard Nolthenius,
Tikely stil]l find them to be useful servation data available on the tape Thomas Van Flandern and David Dunham
for resolving discrepancies, non-SAQ from H.M.N.A.0. So if you report all for their assistance to me in the com-
counts, etc. Also, possibly starting of your 1976 observations to H.M.N.A. piiation of this comprehensive occul-
with the 1976 tally, we may use the 0. soon, there is no need to report tatton tally.
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EREONEDUS STAR POSITINNS
FROM OCCHLYATIONS

David Herald
In the future, | will be Investigating
all reports of occultations where the
observed tme of occultation was out-
wide the predicted range value qiven
'n the USNO predictions. | request
that reports of all such timings be
sent directly to me. My address i
PO Box 254, Wnden, A C.T. 2606,
Auvtralia. When referring to a star,
pleaue provide the SAD or I number,
not the 7 number, as crossreferencing
from the 7 number is somewhat incon-
venient

Fepnrts recently reccived are symmar-
tred below., "Diff" 15 the difference
between the observed and predicted
times, in the sense: ghseryved minus
predic ted

The source for $3137H i+ the Yale cata-
togue. The AGK3 position for this star
Aqrees with Yale to better than (71

The <gurce of 969845 is the GO, however
hoth the ZC and AGK3 are 1n excelient
dqreement with it. Przybyl commented
that although light ¢loud was present,
the disappedarance was instantanesus,
and the star was not seen during the
next three mingtes, With the agreement
of the AGKI with the others, it would
seem that the cloud was, in fact, re-
sponsible,

161754 ¢ taken from the GL. Yale
qives a similar position, but lists a
stgnificant positive proper motion in
RA. whereas the GC 15 slightly nega-
tive. Thig results in the Yale posi-
tion giving @ worse time, [Ed: Our own
timing of SAQ 161754 on Aug. 7, at St
Charles, was 2°2 early, tending to
confirm an error in star position, but
also indicating that part of the prob-
lem may be in the limb corrections.]
Likewise, 158573 15 also from the GC,
and Yale and IC positigns agree well.
Attention should be paid to these two
stars an the future, to see if similar
discordances occur again.

ANALYZTNG HMNAQ RESTDUALS
Clifford J. Bader

One of the frustrating aspects of be-
18y an amateur total occultation ob-
server is the lack of knowledge as to
Just what one's observations mean.
Timings are made, sent off to HMNAD,
and reductions come back, without de-
tailed knowledge of the reduction pro-
cess, the observer is hard put to
utilize them in any manner except to
check for too many residuals beyand
the -+ 1.5 seconds of arc which HMNAQ
gives as an acceptable Timit, There
are, however, scme statistical infer-
ences to be made, the calculation of
which can while away cloudy evenings
and revive flagging interest. A fur-
ther, apparently unexplored, possibil-
ity is the amateur exchange of statis-
tical data, which might help some cb-
servers pinpoint special location or
timing problems, and which would cer-
tainly spur interest and sense of par-
ticipation. Many calculators have fea-
tures which make the necessary numeri-

finally, Robert %and, comments *that
although 162442 nisappeares dreade hig
Accuracy range, e heard from Wayene
Clark that 1t fell ou’~1de Ris when he
abserved the same eyvent. “he HMNAD re-
sidual for Sandy < observation was
~2709, which is somewhat larger than
their maximur expected residyal of
1750, 162442 i taken from the G(. The
only reliable comparison is from Yale,
which however does not list a proper
motien for the star. Assuming the GC
proper motion 15 approxtmately true,
the Yale position vs Q'8 greater in
RA, which reduces the residual to an
acceptable amount. By using the GC and
Yale positions to compute the proper
motion, the 1976 position of the star
in RA is 177 greater than the raw GC
positren, indicating that the true ex-
planation i an incorrect proper mo-
tion in the GC, the true figure being
+030G20.

1975/6
Date Observer SAD * Acc Diff

Dct 12 R. Sandy, USA 162447 4% + 3°
Oct 17 W. Clark, USA 162447 4 + 6
Mar & A. Camponova,

Argenting 93378 +30
Apr 8 E. Prryhyl,

Arqentina 96945 -86
Aug 7 R. Sandy, USA 161744 2 . 4
Aug 30 R. Sandy, USA 158753 &5 + B

ERRATUM

¥ol. 1, No. 9, p. B8. In the table of

erroneous total occultation predic-
tiogs, July 9, for diff. of +175, read
+ 73,

cal work easy.

Since the main motive of analysis by
the uninformed observer is to evaluate
his timings, it is necessary to rede-
fine the residuals to correspond with
time rather than angular separation.
As a first step, since HMMAD uses a
negative residual to indicate coverage
by the moen, it is necessary to change
the sign of either the disappearance
or of the reappearance residuals for
consistency with early or late tim-
ings. On the philosophy that a posi-
tive residual should imply a late tim-
ing (i.e., observed later thanr calcu-
lated), the sign of the disappearance
should be changed. Because the corre-
spondence between time and angular
separation is a complex function of
position an the limb and other varia-
bles, the resulting data (which may be
defined as "angular seconds late” or
"angutar seconds early") will be con-
sistent in sign with, but not neces-
sarily proporticnal to, actual time
differences, and will be useful for
comparisons between various observers.

A natural way to proceed, after chang-
ing the disappearance signs, is to
calculate the algebraic average (i.e.,
the mean} of the residuals. In my
case, for 109 timings over the peried
1973-1975, the mean was + 0.108 arc
seconds. This result, although of
somewhat dubious significance, at
least offers the encouragement that
all is not in vain and that no gross
systematic error is involved.

The next Togical step is to compute

the variance, which may be simply de-
Tired as the average of the squares of
tne res1duals, less the square of the
mean. The square ropt of the variance
15 the standard deviation, which is a
measure ot the spread of the residuals
and which has special significance if
the form of the distribution is known.
The 109 timings noted above yielded a
standara deviation of 0.60 arc sec-
onds. ATso, the number of timings with
residuals corresponding to given
standard deviation multiples vielded a
reasonable approximation to a normal
distribution, i.e , A8 within » ]
standard deviation of the mean, 951
within + 2 standard deviations, etc.
This result is consistent with HMNAC's
+ 1.5 seconds, which falls at 2.5
standard deviations; 99: of the cbser-
vations would be expected to fall
within these limits, and in fact, only
one fell outside.

How significant is the ¢« 0.108 arc
second mean? From the Central Limit
Theorem of probability, the means of
qroups of N samples chosen from a par-
ent distribution form a normal distei-
bution about the parent mean, with a
variance of 1/N times the varrance of
the parent distribution. The variance
of the parent distribution, although
not exactly known, is reasonably ap-
proximated by the observed variance
over 109 samples; thus 0.60//109 -
0.057 arc seconds is the predicted
standard deviation of observation-
group means, and 0.108 » 0,114 arc
seconds is a 95% confidence interval
for the true mean residual. Neglecting
such small differences as 0.006 arc
seconds, and considering that the pos-
itive and negative extremes are equal-
1y Tikely, the confidence that the
true mean is positive approaches 9B%.

If one is willing to gamble with less
favorable odds, there is a 68% confi-
dence that the true mean residual is
between + 0.108 + 0.057 = + 0.162 and
+ 0,108 - 0.057 = - 0.051 arc seconds.
From here on, the arqument degenerates
into statistical quibbling; the cen-
tral fact is that my angular-time re-
siduals tend to be positive, with an
average on the order of G.1 second of
arc, and vary in Gaussian fashion with
a standard deviation of 0.6 second. [f
matters continue alang this course,
1000 observations will reduce the 95%
confidence interval of the mean only
to + 0.038 seconds of arc instead of
0.114 seconds; thus, linearly aging
observers cannct hope to much improve
their square-root-dependent confidence
intervals!

As noted before, the angular residual-
time relationship is complex. On the
average, something like 0.4 seconds of
arc per secand of time is a reasonable
guess. Thus, the approximate + 0.1
second of arc is equivalent to about
0.25% second of time, moon ahead of
schedule or observer timing late. The
former condition could imply error
anywhere in the whole time/position
system, including the observer's geo-
graphical location; since the moon's
shadow, on the average, moves roughly
3000 ft/sec across the earth at 4G°
latitude, 0.25 second of time corre-
sponds to some 750 feet of geographi-
cal difference. The mean residual is



mainly affected by longitude error,
jatitude errors contribute principally
tn the variance.

Here, some comparisons between obsery-
ers would be useful. | would be very
embarrassed to find such an error in
my map reading, and am loath to te-
Tieve that my timings run late by a
full quarter second; similar results
by other observers would help dispel
the lingering doubt, as would some in-
dication from the professionals as to

where the whole system stands.

It would be most 1nteresting for a
number of readers to publish their
means and standard deviations for spe-
cified time periods. The number of aob-
servations on which the analysis is
based should be indicated, in order to
permit a confidence estimation. [f the
timings total appreciably less than
100, the parent variance may differ
significantly from the observed vari-
ance and a more Involved statistical

1a7

treatment will be necessary. Alsg, the
confidence interva!l will become exces-
sively broad. ! would be most pleased
to exchange statistics with interested
chservers, and believe that o. w.
would be an ideal vehicle for such an
tnterchange. [Ed: If Mr. Bader is wil-
ling to to prepare short articles, at
intervals, putting the data in tabular
form, we can work out something.]

1209 Gateway Lane
West Chester, PA 19380 U_S.A.

ACCURATE GEOGRAPHIC COORDINMATES
Thomas H. Campbell, Jr

For timing data to be of resl scien-
tific value, 1t ¥s extremely important
to determine the geographic coordin-
ates of an occultation timing station
accurately. Determining such coordin-
ates to + 0”1 of latitude and langi-
tude, from a Jh-minute USGS topograph-
ic quadrangle map, may sound like a
meticulous, time-consuming task. Real-
ly, it ts a0t difficult, and takes on-
ly a few minutes using the system de-
scribed below. The map representation
1s used to 11lustrate a hypothetical
case. My tools are a thin transparent
millimeter scale, an 1)luminated 2X
magnifier, and & catculator.

Procedure:

1. Identify the two map borders
nearest toc your landmark. In this ex-
ample, the road intersection is the
landmark. The two map borders repre-
sent your reference longitude and lat-
{1tude.

2. Convert your reference longitude
and latitude from degrees, minutes,
and seconds of arc, to degrees and
seconds only, making them more conven-
ient to work with, when calculating.

A_ Reference longitude B2° 45' 00"
is equal to 82° 2700".

B. Reference latitude 27° 37’ 30"
is equal to 27° 2250".

3. Place the 0 millimeter mark of
the scale directly over the reference
lengitude. Make sure the scale is
placed squarely on the map. Look
through the magnifier and scale ta
find the intersection of centerlines
of the crossroads, and read the dis-
tance to that point to 0.1-millimeter
precision {This is the direction in
which 1 prefer to measure, but some
people argue that they can interpolate
the scale reading more accurately if

the 0 mark is centered between the two
1tnes representing the road, and the
reading taken at the reference longi-
tude or latitude.). Asstgn a (-) sign
to the measurement in this example, as
the intersectton fs east of the refer-
ence longitude. Similariy, measure the
distance from the reference latitude
north to the intersection. Assign a
{+) sign because it is north of the
reference latitude. These sign conven-
ttons hold for North America, but may
differ for east longitude and south
Tatitude.

A, Intersection is -182.7 mm from
the reference longitude.

B. Intersection is +275.3 mm from
the reference latitude.

4. Convert the millimeter meaSure-
ments into seconds of Jongitude and
latitude.

A_ Seconds of longitude from ref-
erence to intersection:
J50" of A

R
-159.61 seconds cof longitude,

B. Seconds of latitude from refer-
ence to intersection:

Sec of » = -182.7 wm «

150" of ¢ _
1927w
+214.97 seconds of latitude.

(The system used above is known as the
factor-label method. You can be sure
the equation is set up properly when
all the labels cancel except the one
you are solving for. Then it is just a
matter of arithmetic operations on a
calculator.)

5. As station X is far from the
reference point, the best way to To-
cate it is to measure the distance
with a steel tape or precision odome-
ter, and convert that distance to sec-
onds. Don't use a pair of dividers to
locate the station on the map using
the marginal distance scale; that fn-
vites error,

A. Seconds of longitude from cen-
terline of road: Sec of x =
1 tmeh 25. 4 m. 150" A
I Y o < Ve ¢ 1717 e
= 039 Jongitude.
B. Seconds of latitude from cen-
terline of road: Sec of ¢ - 150
1 +reh 25.4 v "
-1056%t < 3500 K * T Fmek  T92.T
= -10%47 latitude.
6. Geographic coordinates:

Sec of ¢ = +275.3 mm. »

82° 270000 reference longitude
-159.61 to crossreoad
B7° 7540.39 crossroad jongitude
+).39 to station
ar B2° 42' 208 W
and
27° 2250700 reference latitude

+214.97 to crossroad
77° 7864 .97 crossroad latitude

to station
or 27° 40" 54'5 N

-10.47

Never use a folded map 1f you expect

to get accurate results. Creases cause
a map to shrink. Use only maps that
have been stored flat or rolled. Use
the 150" Tatitude ancd longitude marks
an each map, tc get the factors for
converting millimeters to seconds of
latitude and longitude, rather than
using a constant conversion factor;
particularly important in the case of
longitude, since the 1inear equiva-
lent of a unit of longitude varies
approximately as the cosine of the
latitude. Maps may differ stightly,
especially if they are old, and have
shrunk in size.

The example above is valid in the
case of roads which run directly
north-south or east-west. In the case
of a straight road which angles across
the map, with the station several hu-
dred feet from a landmark, you will
have to form an imaginary right trian-
gle. The road 1s the hypotenuse. Refer
to the illustration. The E-W distance
is equal to the length of the hypoten-
use times the cosine of a. The N-5
distance is equal to the length of the
hypotenuse times the sine of a. After
determining the above distances in
feet, follow steps 1 thru 6 above to
determine the geographic coordinates.

In determining geographic coordinates,
the abjective 15 to so minimize errors
that the only appreciable remaining
errgr is the error of the map itself.

OCCULTATIONS OF
GALACTIC-NEBULAR OBJECTS

Richard P. Binzel

Included in the 1977 USNO total occul-
tation predictions are listings of oc-
cultatfons of various "Galactic-MNebu-
lar" (GN) objects. The 1ist of GN ob-
jects includes varipus open and globu-
lar clusters brighter than mag. 10.0,
two diffuse nebultae (M8 and M20), the
Crab Nebula and the Saturn Nebula.
These GN objects have been assigned
USNO reference numbers prefixed by the
letter 6. Previous information on oc-
cultations of GN objects appeared in
o, N. I, 70 and 76 (4's 7 and 8).

Several favorable occultations of GN
objects will occur during the first
half of 1977. The moon will make three
passages across a 7.3 mag. globular
cluster, M3, a rich 4.6 mag. open
cluster, M24; and another open clus-
ter, M67, 6.1 mag.; along with two
passages across the 6.5 mag. open
cluster M25. Other GN objects occulted
in the first half of 1976 include M23,
a 6.9 mag. open cluster; 9.0 mag. M71,
another open cluster; and NGC 7009,
the 8.4 mag. planetary nebula better
known as the Saturn Nebula.
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In the table below, the upcoming oc-
rultations for the first half of 1977
are listed for earh GN object with the
date and approximate hour (U.T.), the
percent sunlit of the moon, and the
approxtmate reqgicn of visibility for
rach event The table 1ists only the
favorable upcoming events, with the
moon‘s {}lumination and the relative
sun and moon altitudes being determin-
ants in the classification of events
as favorable.

The 1950 right ascension of ME7 (USHO
Ref. No. GOOO12) used to compute all
USNO total occultation predictions for
1977, including the ones from which

the table below was prepared, was, 8
4373, but the value is actually 8
4878, As a result, the actual occulta-
tion of GOOOIZ will occur about 1%
minutes later than the time given for
it fn the table below and in all USND
total occultation predictions for
t977. The error will be corrected in
the predictions for 1978, and alsoc for
the fictitious "star” which marks the
center of M&7 in any 1977 special pre-
dictions of occultations of the numer-
ous non-5A0 stars from the Astrograph-
ic Catalog which David Dunham computes
and distributes.

it Approx. T
Date U. T. 5Snil

Mighttime Area of
_ Visibility

M9 (mag. 7.3, GB, diameter 24}
Jan 16 19" 10- W, Australia
fFeb 11 2 29- S, Africa
Mar 12 B 52- W. South America

Mz24 (mag. 4.6, 0C, diameter 4:0)
Jan 17 18 4- F. Australia
fFeb 14 1 19- S. Africa
Mar 13 7 40- S. America

M67 (mag. 6.1, OC, diameter 15!0)
Mar 30 16 76+ Japan,Philippine [s-
lands, Siberia
Apr 21 0 54+ (Canada, Eastern
third of U.S.A.
May 24 8 32+ Alaska, Hawaii

M25 (mag. 6.5, OC, diameter 40')
Mar 13 14 38- Alaska
Apr 9 19 61- Japan

M23 (mag. 6.9, OC, diameter 25')
Apr 9 El 67- S. America

M?3 (mag. 9.0, OC, diameter 5:0)
May 9 16 55- Japan

NGC /009 (mag. 8.4, PL, diameter 0.7)
May 9 19 54- hustralia

NEW DOUBLE STARS
David W. Dunham

The table lists additions and correc-
tions to the special double star list
of 1974 May 9 not listed in previous
issues. The columns and general format
are the same as in previous issues.
Under the method column M, "I" signi-
fies discovery by interferometry. The
two doubles in Yirqgo so indicated were
observed by speckle interferometry
with the 4-meter reflector at Kitt
Peak, as reported in Information Cir-
cular No. 70 of the 1.A.U.'s Commis-
sion an double stars. At the ].A.U.

General Assembly in Grenoble last Aug-
ust, there was increasing interest sn
close binaries discovered during oc-
cultations among double star astrono-
mers. IC 1772 is a spectroscopic bi-
nary with a separation of perhaps
0Y009. This is an grder of magnitude
smaller than the separation of the
components seen by speckle interfero-
metry, but it was probably the spec-
troscopic pair that was resolved. Par-
allax errors make spectroscopic separ-
ations very uncertain in most cases,
as was shown by 8 Capricorni. If ZC
1772 were tripie, the component seen
by speckle interferometry is bright
enough that it should appear in the
spectrum as a thard line.

Sincheskul gives the following 1950
right ascensions and declinations for
the three anonymous (non-BDé stars at
the bottom of the list: 1, &hgmgas
+23°54°, 2, 7hI3M3zs, +21°51°; and 3,
21hogmoos | 12027 .

218 possible and probable new double
stars listed in tninn rbservatory cir-
cuiar No. 95 were identtfied and key-
punched by Donald Stockbauer a few
months aqo. The list is mainly a com-
pilation of anomalous occultation ob-
servations made in South Africa during
the 1920's and 1930's. A listing of
these doubles was sent to the graze
computars in Noyember; the new double
star codes will appear in all USND to-
tal and grazing occultation predic-
tions for 1978 onwards. This brings us
significantly closer to completion of
10TA’s double star project, which will
result in a list of all known and sus-
pected stars in the SAGC Catalog which
can be occulted by the moon being sent
to all members. Oniy cne more major
list needs to be incorporated; the
spectroscopic binaries listed in Wil-
son's radial velocity catalog. It
should be possible to prepare most of
that Tist by computer. The data needed
to do the job have been sent to Wayne
Green, who plans to use the computers
at the University of North Florida in
Jacksonville for the project. The sep-
arate 1ists will then need to be merg-
ed into one master list in one format
arranged in SAQ-number order. Wayne
Warren, at Goddard Space Flight Cen-
ter, recently completed thorough
checking and correcting of several er-
rors in the Stockbauer visual double
star list data which were found by
computer tests. Observational data
supplied by Charles Worley at USNO was
essential for this task, begun by Gary
Ringler several months earlier. Adding
reference information te the computer
data, mainly dates and discoverers,
will be the last job, which will have
to be done largely by me. 1t also ap-
pears necessary to set up a double
star occultation observation file, as
we are getting an increasing number of
cases of two or more widely separated
{in time and location) observations of
occultations of the same star. These
data should all be more readily avail-
able than they are now.

g Capricorni remains the most inter-
esting multiple system currently being
occulted. Photoelectric occultation
observations obtained at McDonald Ob-
servatory during 1976 September and

Movember essentially confirm the data
reported for this star (SAD 163481, IC
2369} on p. 60 of n. . #]. Photoelec-
tric records of occultations of this
star obtained at other observatories
15 sought. | do not know of any photo-
electric records of occultations of g
Capricorni’s distant 6th-magnitude
companion, ZC 2968 Richard Noltheniys'
observation, reported below, indicates
3 possible new close component of this
star, his estimate of the brightness
of the visyal companion is censiderab-
ly fainter than Harold Povermire's
1975 December estimate. The MAGI value
listed is an average of their esti-
mates. A massive attempt to observe a
graze of I{ 2969 is mentioned in GRAZ-
ES REPORTED TO 10TA.

Preliminary reports of results of last
July's ogccultation of B Scorpii were
reported at the |.A. U, General Assem-
bly in Grenoble, France, David Evans
noted that 11 diffraction fringes were
evident in the data for the primary
obtained with the 208-cm Struve re-
flector at McDonald Observatory, the
most he has seen in any ocgultation
record. The trace is even good enough
to show the presence of the spectro-
scopic D component only 0001 away.
Data on all five known components of
the system were obtained with 3 tele-
scopes at McDomald. James Elliot notes
that he was able to completely separ-
ate the AB component from the C compo-
nent in the diaphragm at Mt. Hopkins
Observatory, so that good-quality data
were obtained for both systems. Photo-
electric observations were also ob-
tained at Table Mountain Observatory,
Califernia. All data are now being di-
gested at the University of Texas, to
obtain the best possible astrometric
information about the system. The an-
alysis indicates a separation of 0'45%
for the AB pair, with B at mag. 5.8,
Analyses for such separations must be
done with care, since they are ten
times smalter than the resoplution of
Matts' charts for determining local
tunar slopes, yet more than ten times
the approximately 40 meters of lunar
limb whose slope can be determined
from the recorded diffraction pattern.

Dr. Paul J. Edwards, University of C-
tago; P.0. Box 56 Dumedin, New 7ea-
land, reported photoelectric observa-
tions of the occultation of 8 Scorpii
obtained at Dunedin and Auckland in
1975 September. A third attempt in
Weilington was clouded out. The output
from the photometer was recorded on
cassette tapes, which are being ana-
lyzed at Dunedin. This system was set
up for amateur photoetectric cbserva-
tions of variable stars in New Zea-
land with Dr. Edwards the coordinator.

The last occultation of B Scorpii in
the series which ended last August 4
was observed by Toshio Hirose and sev-
eral other Japanese observers. YThey
traveled by train and ship over 1000
km north from Tokyo to Hokkaide I[sland
to observe the southern-limit graze
near Sapporo. They did not know about
the B component beforehand, but Haru-
hiko 0no, one af the observers, showed
later that it explained the dimming
phenomena recorded by some of the ob-
servers, including himself. The ex-



serted qeparatyon of 2 from A project-
ed nale thelr posttion angle of qrale
f1#% ) was 073, As no pair of their
aNSPrYers was separated by near this
amount of graze height, no significant
mmprovement in the separation could be
nhtained, their observations are con-
sistent with the data available from
the July Ath event discussed above and
on p F3-#5 of the last fssue. When an
accurate separation and posttion angle
are avallable from the July data. they
can be userd to better define the lunar
profile ubserved near Sapporo. This is
betause each cbserver was effectively
3t twn qraze helghts, one for each
companent . Another group of Japanese
onservers farther east on Hokkaido re-
rorded the graze of the C companent
{70 2303). Analysis of the observa-
tions of the two expeditions could re-
wlt in improved values for the separ-
atinn and position angle of C from A,
independent of the lunar profile,
whose uncertainties cause difficulties
in the interpretation of photoelectric
total occultation observations for
surh larne separations

The duplicity of SA0 79100 was detect-
fd not during a lunar occultation, but
during an occultation by another moon,
Rhea, a satellite of Saturn. Analysis
of the observations is reported in an
article by Gordon Taylor and others in
Axtropomy and Astrophysics, 50, p.

121 The photoelectric observations
were made with a 30-cm Cassegrain at
the Srerra Nevada Observatory of the
University of Granada, Spain. One dif-
ficulty was that the equipment was not
intended for use on rapidly varying
objects and a 10-second time constant
was built into the amplifier to help
smpoth out scintillation effects, Nev-
ertheless, due to Rhea's great dis-
tance, the projected separation was
determined to 3U001! Artificial occul-
tations permitted calibration of the
rate of deflection of the chart re-
corder pen, so that event times could
be recovered to 0.5 sec.

Most of the new doubles in the list
are from publications of occultations
observed in the U.5.5.R. during 1973,
1974, and 1975, kindly sent to me by
Dr. A. Osipov at Kiev. The main center
for Soviet occultation activity seems
to be in the Ukraine, where the most
experienced observers are more likely
to notice phenomena indicating possi-
ble duplicity. Large numbers of obser-
vations are also reported from Engel-
hardt Observatory in Kazan, Tatar Re-
public, and Abastumani Observatory in
the Georgian $.5.R. Significant num-
bers of observations are made at many
longlitudes in the Soviet Union, In-
¢luding across Siberia. This certainly
helps the worldwide coverage of occul-
tation work. The duplicity of ZC 651
was noted by Sincheskul on 1975 Febru-
ary 19, one month before Robert Sandy
independently discovered it during a
graze (. ~. 1, ¥, p. 36). This adds
further confirmation to the idea that
the companion was not recorded photo-
electrically at McDonald in 1975 March
because their record stopped tog ear-
ly. I noted possible duplicity of 7C
1429 during a graze on 1974 April 4,
but it was also noted in Pgland and
Kiev four months earlier. Their data

have peen used in conjunction with
mine 1n the 115t beiow. There has been
confirmation of a few other doubles,
such as & Scorpii, and an occultation
of SAD 77219 observed in Kiev in 1974
indicated to me that this visual dou-
ble had been left out of my lists.

A Yist of photoelectric observations
made by fitter and Beavers at the Uni-
versity of lowa’'s Fick Observatory has
yielded several entries in the list.
They list two observations of the
probable close triple system u Arietis
{SAD 93062, IC 399), which can be com-
pared with four photoelectric records
obtained at Hamburg Observatory. The
closest pair of observations of the 6
are events one month apart, one ob-
served at Hamburg 1n 1973 January and
a nearly grazing event at Fick Obser-
vatory & month later. {ombining the
two yields a separation of GY49 in po-
sition angle 263°, for the close pair.
Significantly rapid orbital motion
doesn't permit satisfactory interpre-
tation of the cbservations (this un-
derscores the need for data obtained
at two or more widely separated obser.
vatories for the same gccultaticns)
Far nearly grazing events, such as the
1973 February cobservation at Fick,
Watts' charts might be used to calcu-
tate the local lunar slope needed to
obtain the modified position angle of
projection. But Watts' charts are
really too coarse for such small sep-
arations; the lunar slope for separa-
tions less than about 0Y1 can be de-
termined better from accurate photoe-
lectric timings at two nearby tele-
scopes, or from the fringe spacing of
one well-observed diffraction pattern,
The evidence for the faint close third
star now also seems strong.

The results for the 1973 January oc-
cultation of SAO 76425 (2C 598) ob-
tained at Fick and McDeonald Observa-
taries were combined to obtain a sep-
aration of 07033 in P.A. 142°. Japan-
ese photoelectric observations of this
star were made one month before and
one month after this occultation, so
their mean epoch for a combined solu-
tion is the same. They got rather dif-
ferent values, 0Y095 in 214°. The po-
sition angle difference for their ob-
servations was only 20°, so their sol-
uticn is rather weak; small orbital
motion could have a large effect. Eit-
ter and Beavers' Fick-McDonald s¢lu-
tion, besides being nearly simultane-
ous, also had the advantage of a large
position difference. Fick observations
of SAD 76103 and 146239 showed no con-
vincing evidence for duplicity, al-
though other photoelectric observa-
tions do. 76103 was observed the same
night by McGraw, Moffat, and me at
Tonantzintla {the star is in the Ple-
iades), where the pesition angle was
nearly perpendicular to that at Fick
Observatory. The observations would
therefore be consistent if the actual
separation and position angle were
nearly equal to the projected values
observed at Tonantzintla.

Several observers of the 1976 Auqust
29 grazing occultation of Spica in
Florida noticed dimming phenomena and
some¢ events occurring in steps, adding
confirmation for the companion discov-
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ered during the graze of Spica n 1975
November in Australia [both were
southern-limit events}, Richard Nol-
thenius did not notice the companion
during his daytime observations of the
same graze in Arirona; he feels that
he would have seen the secondary if it
were brighter than mag. 3.5, It prob-
ably wil] be possible to estimate the
separation and position angle from the
Florida graze observations when they
are all avatlable. I do not know of
any successful photoelectric observa-
tions of the occultation, which took
place in daylight for most of North
America.

The information about the companicn of
IC 1853 was obtained from Alistair R.
Walker's articie, "The Angular Diame-
ter of Psi Virgints," Monthly Notices
of the Royal Astron. Soc., 173, 29P.
The main interest of the article is
the diameter of the primary, found to
be 0Y0061 + 0V'0003, but the star also
happened tc be an unexpected double.
The article gives a very qood discus-
sion of the astrophysics of the sys-
tem, but unfortunately gives no posi-
tional information other than the pro-
jected separation. Especially, the po-
sition angle of the occultation event
is mot given; the 1ist value {s only
an estimate for a nearly central oc-
cuitation for this part of the moon's
orbit. [ do rot have time to compute
the position angles for all new occul-
tation doubles, although hopefully in
the future when the double star data
are better orqganized, it will be pos-
sible to do this automatically with
data available at USKD for all events
involving possible doubles. In the
meantime, observers are asked to
please provide as complete as possible
information about suspected double
star events, especially the star's SAD
number, ZC number (if any}, the posi-
tion angle of the event, the estimated
duration (time between steps) of the
event, and, if possible, relative mag-
nitude estimates.

8D +12° 1926, noted as double by Ron
Price during a near-qraze disappear-
ance on 1976 June 3, is one of the
brightest members of M67. I observed a
reappearance of the star during the
M67 passage of 1976 September 20, but
did not notice duplicity. Smaller res-
olutions can be achieved as grazing
conditions are approached. Probably
neither neither the geometry nor the
atmospheric conditions were as favora-
ble in September as they were in June
for Mr. Price.

During the occultation of ZC 146 on
1976 December 2%, both Robert Sandy
and Larry Yoksh, observing from sites
in Kansas City about 13 miles apart,
noticed the bright star disappear in
steps. Richard Nolthenius naticed
nothing unusual during the same occul-
tation in San Diego, and the companion
was not evident in a photoelectric
record obtatned at McDeonald Qbserva-
tory through clouds. ZC 146, IC 1147,
and some of the other stars given in
the list will be occulted several
times during 1977; observers should
check their predictions and attempt
abservations which could add confirma-
tion or denial to the suspected du-
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pitcity of these stars.

Luring the spectacular graze of p Sag-
1ttariy (IC 2826) last Movember, most
uf the contacts | observed were sharp.
However, { saw four sudden fading phe-
nomena 4% the star moved along & rath-
er flat but hilly part of the profile
which produted 12 other tontacts in
1ittle more than a minute. Most other
ohservers of the qraze noticed no dim-
mings, all eveats being sharp. [ am
rather convinced that the fadings 1
saw were due to diffraction as the
star passed very close to lunar hills;
fsolated gradual (not stepwise) events
seen during other very favarable graz-
er, can be similarly explained. So one
must be careful when interpreting

graze observations, where the resolu-
tion is so good that diffraction ef-
fects can be noticed visually at some
contacts. Very favorable occultations
and grazes of IU 7826 will occur dur-
ing March and Octeober this year in
North America.

In a letter pubiished in the 1976 Aug-
ust issue of the rournal of the Brit-
ish Astron. Assoc:ation, G. W. Amery,
Occultations Co-ordinator for the Lu-
nar Section of the B.A.A,, noted that
all anpmalous behavior at lunar ogcul-
tations myst be due to either stellar,
Tunar, or terrestrial causes, and that
coordinated observations could help
answer these questions. Stellar du-
plicity was noted as a probable cause

in many cases. Fading occultations has
been adopted as an official Lunar Sec-
tion project, and literature searches
for early observations have been plan-
ned. | have communicated with Mr. A-
mery, who has supplied more comprehen-
sive observational data about the
probable duplicity of I 2774 {SAQ
162133), which indicates a separation
of about 0705 projected in P A, 19°,

A possible companion at least 30" away
from IC 2079 was noticed during a
graze in South Africa, as reported on
p. BS of the last issue. MWayne Warren
could find no evidence for such a star
brighter than about 15th magnitude
when he examined the Palomar Sky Sur-
vey print of the vicinity of IC 2079.

NEW ZOOIACAL SPECIAL DOUBLE STARS, 1977 JANUARY 30

SAN/BD  IC M N MGY MAG? SEP
N5y 0489 P K71 8.1 ol 17°
TRt E
16545 Tk 8.9 89 0.1 90
J6126 OM2 T XK 9.5 9.5 0.1 90
16909 TK 9.2 9.20.25 9
17038 P K 9.410.30.19 250
2y vA 88108 4.5 165
17971 0923 Tk 7.7 7.7 0.1 90
THI6H 0954 T K 6.9 6.9 0.1 90
78592 TX10.010.0 0.1 90
TH13Y P X 8.9 9.0 .039 12/
18953 TV 9.5 9.5 0.1270
THYY” 1069 T K 8.8 B.8 0.1 90
79031 1077 T Y 4.5 4.5 0.1 90
79040 PV 9.410.00.14 134
79100 P ¥ 10.210.5 .039 B9
79321 T 9.8 9.8 0.1 90
79403 1129 P L 5.9 6.4 .00! 7
97446 PX B.6 9.8B0.49 5
97493 TK 9.6 3.6 0.1270
93046 P K 9.310.90.13 288
93051 P K 9.211.30.27 118
93346 0480 T K 8.1 8.1 0.1 90
96174 TK 9.2 9.2 0.1270
97006 1147 TV 5.4 7.0 0.15 236
97084 TK 9.8 9.8 0.120
G120 GV 9.410.00.04 20
97348 M90 T Y 7.9 7.9 0.1 %0 1
G7442 TK 9.0 9.0 0.2 9
9784312717 7% 6.2 1.0 3 90
109677 0146 T K 5.2 5.2 0.75 29
109761 Tx 9.2 9.7 0.2 67
109923 P K 9.0 10.0 .034 202
117851 1429 T X 7.6 7.6 0.05 80
118103 PL 9.4 9.50.06 299 10,
1387211772 1V 4.4 5.4 118 150
139005 TY 9.6 9.6 0.2 88
139033 1853 P ¥ 5.0 B.3 .040 110
139189 1891 1 T 4.8 5.8 .485 142 &
146045 GY 85 9.5 0.415
158994 T 4.7 8.70.05 60
159757 T X 9.310.50.25% 348
161153 2629 # T 7.7 8.5 .024 321 7
161190 TX 8.3 9.50.12 304
161400 TX 9.410.1v 0.2 228
161436 TK 8.5 9.0 2.5274
162611 TK 9.6 9.90.15 228
163192 TY 9.1 9.70.25 9% 9
163460 T K 9.4 10.1 0.15 250
163471 2968 T ¥ 7.2 7.2 0.05 91 ]
163532 2976 T K 7.8 7.8 0.05 20
163848 3029 T XK 7.7 7.7 0.1 90
184634 TX 8.4 8.4 0.1 53
+23°1311 TX 9.0 9.00.25 90
+21°1317 TX10.116.1035 0
+12°1926 T ¥ 10.010.0 0.05 30
-19°4904 TX 9.8 10.7 0.05 309
-19°4970 T X 10.1 10.3 0.91 230
Ancnymous-1 T K 10.8 16.8 0,25 90
Ancnymous-2 T € 10.6 10.6 0.25 90
Anonymous-3 T K 10.3 10.3 0.25 90
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PA  MAG3 SEPDI PA] DATE, DISCOYERER, NOTES

¥973 Dec 8, J. Eitter and W. Beavers, Ames, 1A

Correct doubte star code error in Stockbauer Tist
1973 Mar 10, A. Zhitetski, Kiev, Ukraine, USSR
1975 Apr 15, A. Zhitetski, Kiev, Ukraine, USSR
1973 Apr 7, B. SincheskuY, Poltava, Ukraine, USSR
1973 Jan 16, J. Eitter and W. Beavers, Ames, [A
A.D.S. 4105. Net in previous lists

Apr 8, A. Dobrovolski, Odessa, Ukraine, USSR
Apr 19, A ZIhitetski, Kiev, Ukraine, USSR
Mar 3, B. Sincheskul, Poltava, Ukraine, USSR
Oct 27, J. Eitter and W. Beavers, Ames, [A
Oct 18, A. Zhitetski, Kiev, Ukraine, USSR
Apr 9, A. Osipov, Kiev, Ukraine, USSR

Dec 11, I.
Sept 30, J. Eitter and W. Beavers, Ames, IA

1973
1973
1974
1972
1973
1973
1973
1972
1974
1973
1972
1972
1975
1973
1973
1975
1975
1976
1974
1976
1975
1975
1976
1976
1976
1976
1974
1972
1976.
1976
197%
1976.
1976
1976
1976
1976
1976
1976
1976
1976
1974
1976
1976
1976
1973
1976
1973
1974
1976
1976
1976
1973
1973
1973

93" 348°

Mar 13, B. Sincheskul, Poltava, Ukraine, USSR
047 124
Dec 16, J.
July 3, A.
Feb 10, J.
Feb 10, J.
Feb 18, M,
Sept 2B, A.
Bct 16, R.
Sept 12, A,
Dct 16, R,
Mar 27, A.
Mar 22, B.

fitter and W. Beavers, Ames, 1A
Ihitetski, Kiev, Ukraine, USSR
Eitter and W. Beavers, Ames, IA
Eitter and W. Beavers, Ames, IA
Fedynin, Tomsk, Siberia, USSR
Initetski, Kiev, Ukraine, USSR
Sandy, Kansas City, MO
Ihitetski, Kiev, Ukraine, USSR
Nolthenius, Suharita, Al
15.9 20
Sincheskul, Poltava, Ukraine, USSR
Apr 29, £. Przybyl, Rafaela, Argentina
Dec 29, R. Sandy, Kansas City, MO
Dec 2, J. Van Nuland, San Jose, CA
Nov 5, J. Africanoc, McDonald Observatory, TX
Jan
May
04,
Aug
May
04,
Nov 1, R. Nolthenius, Picacho, AZ
Sept 26, H. Povenmire, Indian Harbour Beach, FL
Sept 28, R. Nolthenius, Tucson, AZ

0.27 299 20, J. Eitter and W. Beaver, Ames, [A

H. McAlister, Kitt Peak National Observatory, AZ
1, R. Sandy, Kansas City, MO

21, A. Walker, Sutherland, South Africa

7.1 343

1.0 195
Sept 30, R. Nolthenius, Tucson, AZ

Mov 24, R. Nolthenius, Tucson, AZ

Sept 3, R. Sandy, Kansas City, M0

Nov 25, R. Nolthenius, Tucson, A7

Sept 25, B. Sincheskul, Poltava, Ukraine, USSR ({2nd*)
Nov 26, R. Nolthenius, Tucson, AZ

Nov 26, R. Nolthenius, Tucson, AZ (2nd*; ADS 13717)
Naov 26, R. Nolthenius, Tucsan, AZ

Oct 6, S. Fokas, Uzhgorod, Ukraine, USSR

Aug 5, R. Sandy, Kansas City, MO

Mar 12, B. Sincheskul!, Poltava, Ukraine, USSR

Mar 3, B. Sincheskul, Poltava, Ukraine, USSR

June 3, R, Price, Garland, TX (star is in M67)

Sept 30, R. Nolthenius, Tucson, Al

Sept 30, R. Nolthentus, Tucson, Al

Apr 8, B. Sincheskul, Poltava, Ukraine, USSR

Mar 13, B. Sincheskul, Poltava, Ukraine, USSR

Jan 7, B. Sincheskul, Poltava, Ukraine, USSR

16.8 135
0.8 84

Edanchuk, Chernigov, Russia, USSR {Z2nd*; ADS 5742)
Aug 29, A, Roland Quintanila, Sierra Nevada Observatery, Spain

Nov 24, Eitter and Beavers, Ames, IA (3rd*; spec. bin. & ADS 6089)

Efimov, Ulyanovsk, Russia, USSR (2nd*; ADS 6440)

10, M. Winfarski, Fort Skala, Poland (see o. ~., 1, #1, p. 5)

H. McAlister, Kitt Peak Mat. Observatory, AZ {2nd*, ADS 8801}

Sept 30, J. Africano, McDonald Dbservatory, TX (2nd*; ADS 11127)



