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EDITORIAL
Due to unfortunate placing of exams by the powers that 

be the regular editor was unable to find enough time to be 
here as Astronotes is being produced, and so that awesome job 
has fallen to me. Rolf will return with the next issue.

As this issue goes to press, the Ottawa Observer’s 
Group hosted a Public Star Night. This prestigeous event 
occured on the evening of April 23, with a cold front 
obliging us by removing the cumulus that had plagued us for 
several days before the event. This, of course, meant that 
everyone who joined us dressed in light summer attire found 
themselves slightly chilled before the end of the night.

The whole Star Night proceeded successfully with, some 
people estimated, 200 people showing up over the course of 
3 hours. Numerous telescopes of sizes varying from a 10" 
down to 2.4" tascos, binoculars and eyeballs were there to 
be used,thanks to many members of the Observer’s Group. A 
slide show by Jon Buchanan of the center's activities was 
also well received.

There was a slight mixup somewhere along the line as 
road lights, that were supposed to be off, were not. This 
was unfortunate, but it did not detract from peopled 
enjoyment.

All in all the public star night was quite successful, 
even someone from the Citizen showed up. As a test to see 
what the public’s attitude is towards our activities, and 
interest them in our Group, I feel the success we experienced 
indicates that we hold another such Star Night later on this 
summer.

# # # # # # # # #
Articles for the June issue of Astronotes are due 

before May 21st.



OBSERVERS' GROUP MEETING - April 2 Jim Hayes

Doug Somers opened the meeting with 74 in attendance. 
Remember not, friends, that one former member, designated 
the "Member?" column of the attendance sheet, "Wish I Were"! 
This person is now a life member.

Doug Welch presented the evening's theme talk, "Minor 
Planets". Doug also presented his photometric calculations 
of some asteroid rotation periods.

Jon Buchanan used an interesting technique of fading 
and sterio to move us into the breathtaking world of the sky, 
as seen from our sentimental observing sites.

Rolf showed us selected slides of The Comet, Comet 
West. Congratulations go to Rolf, Dr. Lossing, Rob Dick 
and Doug Welch for the accurate and much envied pictures.

Art Fraser led us through the "looking glass" for a 
tour of the Greenbank Radio Telescope Observatory. Believe 
it or else, Art did not roll his puddle-jumper south for 
the journey.

Doug Welch announced expectations and renovations to 
our plan for a Public Star Night. It is hoped the under
taking (no, we're not in the funeral business; just coffin- 
making) will promote interest in the group. New members 
are always novel, and welcomed. The Star Night is to be 
held at the Bandstand, Vincent Massey Park, April 23.

Doug George, student from Merivale High School, 
sketched and explained a photometer schematic. Photometers 
are becoming more and more popular in the group because of 
their useful applications.

Doug Somers closed the meeting, whereupon total chaos 
followed...

# # # # # # # # #
DIGITAL PHOTOMETER Rob Dick

At the March meeting I gave a brief description of a 
photometer which may be used to record the light curve of a 
rapidly varying, periodic variable or pulsar. A number of 
people asked about it after the meeting, so I believe it 
may be of interest to your readers.

The very low level signal from the photomultiplier tube 
is fed into a very high input impedance operational amplifier 
which will integrate the signal, producing a ramp output.
This ramp is fed into another "Op Amp" which is arranged to 
give an output when the input level reaches a threshold 
(also called a schmidt trigger). This signal is fed back 
to the first op amp to zero its output thus resulting in a



pulse stream from the trigger.
These pulses are counted over a preset time interval.

At the end of the period the sum is fed into the side of an 
adder. This adder has two input buffers. On a signal it 
will add these two buffers and display the sum at its output 
terminals.

These outputs are fed into dynamic shift registers.
Each time a new count is stored in the register the "stack" 
is shifted down one. Therefore the first in is the first 
out.

The sums are stored over the period of the variable. 
This particular register has 256 steps and is 4 bits wide.
At the end of the period the first sum is at its output.
This is fed up to the adder where it is added to the new 
count from the pulse counter.

This process could be repeated until: 1/ the sums 
overflow, 2/ you wish to stop or 3/ you drop.

To read out the data the totals in the registers are 
arranged into counts of tens, fed into a BCD (binary coded 
decimal) 7 segment LED driver, and from there to a LED 
display. The inputs to the first counter are zeroed and 
you step one location at a time through the register, 
recording the counts and step number.

Anyone who has worked with (played with) electronics 
knows that nothing is as simple as it seems. What I have 
given here is the easy part. All these counters, adders and 
registers must have a controller. There must be a timer or 
clock which produces pulses at the right time to tell who 
to do what, when, while we are left with the question why.

To produce the proper integration length for the 256 
registers, a crystal oscillator is beat down, using counters, 
to produce the correct period length. The number of clock 
pulses per stellar period is divided by 156. This value is 
stored in a counter. A comparator compares this number to 
the clock count and when they are equal, kicks out a signal.
A new integration starts, the adders add and the shift 
register shifts.

To make something like this work, one must look at 
interfacing the chips so that the clocks and data are 
compatible. The accompanying drawing demonstrates the 
architecture. Someone with experience in digital electronics 
may wish to further develop this and tell Astronotes what 
they have done.

For about $120 and millions of photons, it's a pretty 
good counter.





RECENT IAU CIRCULARS Art Fraser
On May 12, Comet West (1975n), shining at 7th magnitude, 

will be less than 1° south of Delta Sagittae. Using binocu
lars, you can observe the comet above the eastern horizon 
during the evening hours after 10 pm.

Circulars 2928, 2931 and 2937 report spectroscopic and 
photographic observations of Comet West. Emission lines 
from the following ions have been observed: OH, CO, CN, CH,
C2, C3 , Na and H. The Hα emission line was shifted to the 
blue side of the solar-absorption Hα feature in the comet's 
spectra. This gave a measured approach velocity of 20 km/s.

The following sequence for the splitting of the nucleus 
was given in circular 2930: nucleus B separated from nucleus 
A on Feb. 22; nucleus D separated from B on Feb. 25; and 
nucleus C separated from A on Mar. 5. Nucleus B has display
ed large magnitude variations. It was 2.5 mags. fainter 
than A on Mar. 25, completely invisible on Mar.26 and 0.8
mags. brighter than A on Mar. 29. By April 5, it was again
2.5 mags. fainter than A. Nucleus C was 5 mags. fainter 
than A on Mar. 27. Nucleus D was 2 mags. fainter than A on
Mar. 25 and was  1 mag. fainter than A on April 5.

On May 2, Comet Bradfield (1976a), at magnitude 12.1, 
is located in Ursa Major (C. 2933), and Comet Bradfield 
(1976d), at mag. 14.6, is located close to Gamma Orionis 
(C. 2931)

Comets 5 and 6 of the year 1976 are two periodic comets 
recovered by E. Roemer and C.A. Heller using the Steward 
Observatory's 229 cm reflector at Kitt Peak, Arizona.
Periodic Comet D'Arrest (1976e) is a 20.6 magnitude object 
in Ophiuchus. Periodic Comet Pons-Winnecke (1976f) is a 
21.0 magnitude object in Lynx (C. 2934)

Several members of the Observer's Group made successful 
timings and photoelectric observations of the occultation 
of Epsilon Geminorum by Mars on the evening of April 7. 
Circular 2935 indicates that observers in a 20 km track 
stretching from Baja California to Miami, Florida could also 
witness an occultation of Epsilon Geminorum by Phobos, the 
brightest satellite of Mars. The length of the occultation 
would be approximately 1 second.

Finally, one of the X-Ray sources near the galactic 
centre appears to be associated with a 2 1st magnitude star 
cluster which was recorded on a near-infrared photographic 
plate taken with the 400 cm telescope at Cerro Tololo 
Interaamerican Observatory. The cluster does not show on 
blue or violet plates (C. 2929).



LETTER TO THE EDITOR
Sir: Having been a member of the Society for some time

now (Nov. '66), I have seen many articles and commentaries 
in Astronotes representing the views and activities of the 
Observer’s Group. Sometimes there is a whole issue from 
front to back cover in which every article contributes well 
to represent Group and Centre. I feel that the April ’76 
issue was one of those.

The April issue was enlightening not only in the usual 
detailed observational reports (e.g. data on Comet West) 
but also in a scientific update and interest on a highly 
theoretical, astronomical topic ("Does the Gravitational 
Constant Vary?- P. MacKinnon). Altogether, the April 
Astronotes was most impressive as a forum for this Centre.

In the last issue of this newsletter, Rob McCallum’s 
"Thoughts on Meteor Observing" is just one of themany past 
articles that have entailed the use of Astronotes as a forum. 
It is hardly a new thing at all. However, I believe that 
this necessary role is more important than we tend to think. 
With Mr. McCallum's article in mind, a constant exchange 
between observers on observation, its techniques and purposes 
is vital to the growth of any centre and, specifically, 
the Observer’s Group.

To quote from a pamphlet put out by the I.U.A.A.
("The I.U.A.A. - An Invitation")
During recent years, the greater sophistication of 
professional instrumentation, and the ability to study 
astronomical objects from above the confines of the Earth's 
atmosphere, have somewhat reduced the scope of the serious 
amateur astronomer who wishes to undertake a programme of 
scientifically useful work. In some areas of study there 
has been a change of emphasis, in others, a need for 
increased specialisation; but the amateur can still play a 
vital role, and this is recognized by professional 
astronomers.

Therefore, I hope that such articles for change in 
technique, purpose and outlook will continue to be sent in 
and Astronotes' future editors will just as readily publish 
them. Not only is it healthy for our Group, but needed in 
these times of change.

Once again, "Bravo!" for a fine April issue.
Astronote-ly yours,

Chris Martin 
member, Ottawa Centre.



OCCULTATION OF EPSILON GEMINORUM BY MARS Fred Lossing
On April 7 Mare passed over the 3.2-magnitude star 

Epsilon Geminorum. Occultation of a star of this magnitude 
occurs only once in about four hundred years, according to a 
Sky and Telescope article (Mar. 1976, p. 162). This event 
was observed by Doug Welch, Rob Dick, Art Fraser, Pat Hunt,
Jon Buchanan and Fred Lossing, at the latter's home, using 
several telescopes. Using an 8" f/4.5 Newtonian equipped 
with RA drive, a photoelectric photometer and two-pen chart 
recorder, the light-curve for this event was obtained.
Light cloud interfered a bit, particularly at emersion. The 
aper ture in the photometer was large enough to admit light 
from both Mars and the star. A copy of the "immersion" curve 
is attached, showing the decrease in the light as Epsilon Gem. 
passed behind the Mars atmosphere and then behind the planet's 
disc. The second pen of the chart recorder, driven by an IC 
amplifier and microphone from CHU time signals, provides time 
hacks. (The time-pen is offset by one chart division from the 
photopen to allow them to pass each other across the chart.)

Our photometer trace shows the light c u m  beginning to 
decrease at 19 hr 56 min 40.5 sec EST, corresponding to the 
edge of Mars' atmosphere. The light intensity fell 13.3% 
during 1.89 seconds, then reached a constant value as the star 
passed behind the disc at 19 hr 56 rain 42.4 sec. Emersion 
from the disc occurred at 20 hr 01 min 49.0 sec, giving a 
duration of occultation (by the disc of Mars) of 5 min 6.6  
sec. The Sky and Telescope article refered to above gives 
the estimated time for immersion as 20 hr 01 min 42 sec.
The predicted duration at Toronto was therefore 5 min 6 sec. 
The agreement with our measurement of 5 min 6.6 sec is within 
the precision of the prediction, which is given only to the 
nearest second. Assuming that the star can be treated as a 
point source, the time taken for the star to traverse Mars' 
atmosphere, 1.89 sec, gives a calculation of the effective 
depth of the atmosphere. This depth is to the diameter of 
Mars as 1.89 sec is to 5 min 6.6 sec, that is , one part in 
6.16 x 10+3. Since the diameter of Mars is 4200 miles; the 
atmosphere must have an effective depth of 25.9 miles. This 
seems to be about twice too big. The possibility that 
Epsilon Geminorum should not be treated as a point source 
is discussed by Jon Buchanan.
*(What strange unknown units of measurement are these?
By reference to antiquated reference sources we find that
1 "mile" corresponds to 1.609344 x 10+13 Å. ed.)



THE MARTIAN METERSTICK Jon Buchanan
On April 7 the occultation of Epsilon Geminorum by 

Mars occurred, which is reported in more detail in Fred 
Lossing's article. A photometer, coupled into a chart 
recorder, produced a record of an unusual event. The light 
of Epsilon Geminorum dropped steadily for nearly 2 seconds, 
photometrically, at the start of the occultation. It was 
later determined that the response time of the photometer/ 
chart recorder was good to several hundredths of a second, 
so the record is of a real event.



A real event of what? The light of the star dimmed 
for two seconds! How can that be explained?

Two explanations come readily to mind. The first deals 
with the refraction and dimming effects that possibly exist 
due to the Martian atmosphere, as mentioned in Fred Lossing’s 
article. The second involves the star which, not really 
being the ideal "point of light" source we think it is, was 
slowly obscured by Mars' disc. The real explanation lies 
in a combination of these two possibilities but is weighted 
more towards the second as I hope to demonstrate.

Fred obtained an atmospheric immersion effect of 25.9 
miles which he considered two times too large. Refraction 
coupled with atmospheric dust (Dust clouds have reached ½ 
of this height in the Martian atmosphere.) might account 
for this, but I feel that this effect would be minimal 
considering Mars' rarefied atmosphere. Therefore let us 
consider the other explanation.

First, some facts:
Duration of occultation- 306.6 sec 
Duration of fading- 1.89 sec
Disc of Mars- 6.33"

If we assume the occultation to have been central, 
which was nearly the case anyway, we can determine the angle 
that the "event" of dimming corresponds to from the relation 
angle "a" /duration"a" = angle"b"/duration"b" , which gives 
us angle of "event" = 6.33" x (1.89/306.6) = .03902"

By checking in the Observer's Handbook we note that the 
distance of Epsilon Geminorum is 1080 ly, which corresponds 
to about 1.022 x 1016 km. From basic trig. relations we can 
calculate the diameter of Epsilon Gem.

Diameter = distance x sin(angle)
= 1.022 x 1016 x sin(0.03902")
= 1.933 x 109 km.

Our own sun is some 1.39 million km in diameter, which 
makes Epsilon Geminorum some 1.39 x 103 solar diameters in 
diameter.

I know what you must be thinking as you look at the 
answer I arrived at; the answer is much too big! Refer 
once again to the Observer's Handbook and look up the type 
of star Epsilon Geminorum is supposed to be. G8 Ib, a sub- 
luminous supergiant! Since supergiant stars can be as large 
as 3000 solar diameters in diameter, the figure I arrived 
at is certainly within this range.

Of course the real diameter of Epsilon Gem will be 
either a bit higher or lower, since one must take into 
account the effects of Mars’ atmosphere and also the possible 
effect of limb darkening of the star, but I think we are in 
the proper order of magnitude for the size of Epsilon Gem.



HOW  THE MOON AFFECTS THE BRIGHTNESS Rob Dick and
OF THE SKY AROUND IT Doug Welch

or what to do if all else fails.
On the night of February 14/15 1976, the two of us

escaped to North Mountain Observatory with a chart recorder 
and photometer (c/o Fred Lossing) to observe the short 
period variable KP Persei (period of about 5 hrs). As it 
was, the haze was discouraging enough for us to abandon it.

To save the night, we looked at the moon and noticed it 
to be the biggest, brightest thing in the sky at that tine. 
There was a halo and even moon dogs on both sides. We 
decided to turn the photometer on these. Strike two! They 
disappeared by the tine all was set up.

As a last resort, grabbing a straws, we chose to 
measure the light scatter outward from the moon.

We started about ½° from the moon and swept out in the 
N, S, E, W directions for about 50° on all sides. Admittedly 
the noon was not on the meridian so readings were not E-W 
symmetrical. Also with the noon only about 40° off the 
horizon the readings would not be N-S symmetrical, but 
beggars can't be choosers.

All observations (120 of them) were fed into an HP-25 
curve fitting program (viva technology) giving us a best 
fit with a power curve

I= 188 D-1.24
where D is distance from the noon in degrees and I is the 
"intensity" of the light. The coefficient of correlation 
(an indication of the closeness of the fit, ideally 1 ) 
was 0.75.

This equation was used to generate a curve and these 
calculated points were compared with our observations. It 
was noted that deviations became quite dramatic beyond about 
15° from the moon.

On the night of March 11/12 1976 at 2230 EST another 
set of observations were made. On this night the sky was 
clearer and the moon dimmer than on Feb. 14/15. Again 
conciderable divergence occurred beyond 15° of the moon.

I = 0.16D-0.88 r2 = 0.87
By comparing the two sets of observations we can see 

the effects of noon brightness and sky conditions. The 
coefficients are the scaling factor for the intensity and 
the exponents show the rate of fall off of intensity from 
the moon.

These curves are hyperbolic, with asymptotes on the X 
and Y axis. More may be learned with observations made under 
either the same haze conditions but different phase and under



the same phase conditions but with different haze conditions. 
The program used to curve fit was not very good. With 
practice, a more pleasing fit could be made by trial and 
error (so much for technology).

I would appreciate seeing the results of similar 
observations here in Astronotes.



1580 BETULIA - FASTER THAN A SPEEDING BULLET Doug Welch
On May 22, minor planet 1580 Betulia will pass within 

0.130 AUs of Earth. That's 19½ million km - too close for 
comfort? It will then be 11th magnitude, streaking across 
the sky at 7°/day! For the observer this means that he 
can actually watch the object move.

A little history is in order. 1580 Betulia was 
discovered on May 22, 1950 (exactly 16 years from discovery 
to this opposition) by E.L. Johnson at Union Observatory in 
Johannesburg, S. Africa. It is an Amor type planet, having 
its perihelion within Mars' orbit.

Some facts about Betulia: 
perihelion- 1.1198 AU
aphelion- 3.2714 AU
inclination- 52°.041 (greater than any numbered
albedo- 0.141 planet)
diameter- 3.4 km
mass- 62 x 109 tonnes
"g" - 0.14 cm/sec2
escape velocity- 220 cm/sec (you could jump off)

Occultations of stars by 1580 would be of value in 
many ways. However, chances of success are limited as 
occultations would last no longer than 0.3 sec. - scarcely 
longer than reaction time for a normal person. In any case, 
an appulse of Betulia and a star would certainly be 
interesting to watch, as 1580 would have a large angular 
velocity with respect to the star.

Here is a short list of the best events:
SAO mv Geo PA Appulse Δ π RA DEC

dist time UT
" ° May AU " h m ° '

84999 8.2 61 124 15.189 0.1809 48.6 17 16.6 +28 18
84860 8.2 24 123 16.312 0.1686 52.1 17 05.7 +24 39
102254 8.8 14 299 19.231 0.1426 61.6 16 33.0 + 12 06
183246 9.0 24 302 25.227 0.1361 64.6 15 08.3 -23 14
183241 9.3 36 302 25.252 0.1363 64.5 15 07.9 -23 23

Any of these appulses could be occultations, but the 
path of occultation would only be 3.4 km wide. However, 
any observations of an occultation would be very valuable, 
SO WATCH! Have a stopwatch handy in case you see it blink,

If you see one, REPORT IT TO ME WITH ALL SPEED!*
Charts should be available from me at the meeting or

write me at 35 Mohawk Cres., Ottawa, Ont. K2H 7G7
*(Faster than 1580 Betulia. ed)



Here are some positions:
May RA DEC Mag. May PA DEC Mag

6 18h 17m.9 +43° 45'
8 18 08.0 +41 47

10 17 56.5 +39 15
12 17 43.0 +35 57
13 17 35.4 +33 55
14 17 27.2 +31 34
15 17 18.4 +28 51
16 17 08.9 +25 43
17 16 58.6 +22 06

Happy Asteroiding!
References:
The 1976 Apparition of 1580 Betulia, D. Wallentine (1976) 
Ephemeris for Minor Planets 1976 
Sky and Telescope, April 1976

Mag. May RA DEC
13 18 16h 47m.6 + 17° 58
13 19 16 35.8 +13 17
13 20 16 23.4 + 8 02
13 21 16 10.2 + 2 20
12 22 15 56.3 - 3 44
12 23 15 41.9 - 9 57
12 24 15 27.0 -16 06
12 25 15 11.8 -21 57
12 26 14 56.4 -27 22

GLOBULARS Rob Dick

April and May are the months of galaxies with Leo,
Coma Berenices, Virgo and the rest. But to prepare for the 
summer skies and the globular clusters they possess, we 
will not speak of them here.

To a small telescope, when first viewed, globulars like 
galaxies (Oops! There I go.) appear as hazy smudges. Only 
after study do these patches resolve into stars. It is only 
after study that the jewel like appearance is seen. Scintil
lation causes the stars on the limit of vision to flicker.

Globular clusters usually appear to have three levels 
of star brightness. In the forefront are bright stars 
scattered about the field. Dimmer than these are other stars 
on another level of intensity. At the lowest observable 
level there is a haze on which the other two levels are 
superimposed. It is from this level that stars appear to 
flicker in and out.

When the three levels are superimposed there is an 
illusion of three dimensions. In my opinion, it is this 
effect that makes globular clusters so interesting. If a 
large ’scope is used, one may begin to notice colour in the 
brighter stars and the 3-D effect is still noticible.

What makes a good globular cluster?* It would be nice 
if they were large and bright. M13 and M22 in Hercules 
and Sagittarius are large and bright, but many consider M13
*(Gravity? ed)
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to be the best of the pair. Globular clusters are roughly 
the same size and have in the order of 100,000 stars. M22 
by comparison is rather spare and loose. Looking towards 
the centre of the galaxy there is considerable absorption by 
interstellar matter and, like M4 in Scorpio, M22 is dimmed.

Globulars can appear to change. Some of the stars in 
the cluster are variables. Of these variables 90% are RR 
Lyra types. The remainder are generally Type II Cepheids. 
M3, which is close to the North Galactic Pole, has about 
200 RR Lyra Stars.

Of the 106 globular clusters known, 29 are members of 
the Messier list. Shapley noticed that the distribution of 
globular clusters were spherical about the centre of the 
galaxy, with highly inclined orbits. They are believed to 
have been formed early in the galaxy’s history. Since 
globulars are all about the same size, by plotting their 
angular size you can determine their approximate distance.

Globulars are large, bright objects. They have been 
observed in other galaxies and due to their Cepheid content 
they have aided determination of the distances to some of 
the galaxies.

Here are listed the globular clusters of the Messier 
list. Included are the numbers(Messier) and NGC number, 
size, magnitude and season when it is visible.
M# NGC# SIZE MAG SEASON M# NGC# SIZE MAG SEASON

2 7089 8 ' 7 a 54 6715 3 ' 8 a
3 5272 3' 6.4 sp 55 6809 15* 6 s
4 6121 14' 6 s 56 6779 5' 8 s
5 5904 1 2 ' 6 s 62 6266 6 ' 7 s
9 6333 3' 8.5 s 68 4590 5' 8 sp

10 6254 8» 7 S 69 6637 3' 9 8
12 6218 8' 7 s 70 6681 3 ' 9 s
13 6205 23' 6 s 71 6838 6* 8 s
14 6402 3* 8 s 72 6981 2 ' 10 sp
15 7078 6 ' 7 a 75 6864 5' 8.7 8
19 6273 5' 7 s 79 1904 3' 8 W
22 6656 1 2 ' 6 s 80 6903 3' 8 s
28 6626 15' 7 s 92 6341 1 2 ' 6 8
30 7099 6 ' 8 . 1 a 107 6171 3 ' 7 8
53 5024 3' 7.6 sp

Observations for the Messier race may be turned into 
myself or other coordinators at anytime. Of course, with 
the coming of the warm weather, all the usual excuses for 
not observing vanish!



ASTRO NOTES

TO
Ms. Rosemary Freeman RASC
National Secretary,
The Royal Astronomical Soc. of Can., 
252 College St.
TORONTO, Ont. M5T 1R7


