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Satellite tracking in the 60s, earth observation today.

In 1958, one year after Sputnik was launched by the Russians, a world-wide group of
volunteer observers was formed into 240 teams for the MOONWATCH PROJECT—when
the USA had to track the satellite it had also launched to ensure that it is maintaining is
orbit. It was directed by the Smithsonian Astrophysical Observatory in Cambridge,
Massachusetts in observance of the International Geophysical Year. Reports were
immediately sent by telegram right after observation. Detailed and complete written
reports were sent as well to Cambridge thru the post.

The Philippine team was composed of 24 volunteers from UP College of Engineering,
mostly from the Department of Geodetic Engineering; it was led by the Weather Bureau
(now PAGASA) under Mr. Ricardo C. Cruz, GE'39 the Chief Astronomer and an
alumnus of the Department. Observations were done at the PAGASA Observatory in UP
(at the back of the College of Home Economics).

The objective of the project was: To determine the position of the satellite in the sky
and the time it occupied that position. Positional accuracy was set to 1° arc and time
accuracy was set to 1 sec. Knowledge of the satellite's orbit as it revolves around the
earth is an important information to know more about the shape and size of th.e earth and
the distribution of the land masses on it. Most of all, the sate}lite s orbit provzdfzs a planfe
of reference for measuring precise geodetic positions at widely separated points. This
plane of reference, detached from the surface of the earth, m.akes for an 1'n‘dependent
observation plane to accurately determine locations and monitor tl*{e ctona'mon of our
planet. This became the basis for the establishment of the now ubiquitous and multi-

purpose global positioning system (GPS).
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for ‘Sllprenl.? as the Russians and the Americans vied
known » cy In a f"orld-wnde scientific program
o N as the International Geophysical Year.
lite l;,i:fr‘the f""DOrtant asl.)ectst of the Artiﬁcizfl ?atel-
bit as il:gr‘u? is the determination of the' satellite’s or-
to the e i;OI\'es arogn(} the garth. Being very clqse
tions, I{)r1 1,'lthe Ol'plt is su.b:]e'ct to numerous varia-
vield ves, lto“ ec'lge of an artlhclal' satellite’s orbit can
Drecise s]l- s of important geophysncfxl dz.uta such as the
Masses }dpf'. of th.e earth, the distribution of the lz'm.'l
tional l'ie(lQlEnbl‘ty of the atmosphere, and the gravita-
geodetic X fOt. thc' earth. It can al'so give |mp9r£ant
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detic po lte erence 1:01' the measurement of p.reclse geo-
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. Participation in the International Geophysical
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ing of Sputnik I, the first artificial satellite. ‘This
moonwatch team was composed of 24 volunteer ob-
servers from the College of Engineering of the Univ-
crsity of the Philippines. Under the supervision of
Mr. Ricardo C. Cruz, the chief astronomer of the
Weather Bureau, the group held frequent meetings to
study the methods of artificial satellite tracking be-
fore starting the observations. Lectures were illus-
trated by demonstrations of actual observing devices.
Site of their moonwatch operations is the Philippine
Astronomical Observatory located at the University of
the Philippines campus in Diliman, Quezon City.

‘The present paper will tell on how the U.P. Moon-
watch team conducted their tracking of the artificial
earth satellites.

PREDICTION OF SATELLITE PATHS

Visual tracking of artificial satellites is governed by
tinee factors; narnely, 1) the apparent brightness of
the satellite, 2) weather conditions, and 3) the time
of passage over the observing station. 1t would be
{utile for moonwatch observers to track an earth satel-
lite which is so faint that it could hardly be seen even -
with the aid of the observing telescopes. No observa-
tions are possible under thick clouds. The time of pas-
sage is a very important factor because visual observa-
tion is limited to the twilight period only. The twi-
light period is the time of the day which is two hours
before sunrise and two hours after sunset. At other
times of the day either it is too dark or too bright that
the satellite is not visible.
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Visibility Forceasts

When a new satellite is launched, the Moonwatch
Heudquarters at Cambridge promptly notifies cach
team and issues tables showing the times and areas
where the satellite can be observed. These visibility
forecasts are made on the basis that the satellite will
be bright cnough to be seen at the end of the twilight
period in the evening and at the beginning of the twi-
light period in the morning. Given the launching time
and the orbit inclination of the satellite, an approx-
imate angular clevaticn of the satellite is predicted as
it crosses the meridian of an observing station.

These relalively accurate predictions are given for
only a short period in advance—two weceks at most.
This is because the desired accuracy can be main-
tained only by frequent corrections to the elements
of the orbhit which are subject to smal! changes from
variable drag. Atmospheric resistance causes the ar-
tificial satellite to shorten its period of revolution from
three to five seconds a day.

As reports pour in to the computing center at Cam-
bridge more accurate predictions are made and the
satellite observers are provided svith charts showing
the conditions of visibility ; namely, height, brightness
and altitude.

“Modified Orbital Elements”

For wecks at a time an artificial satellite may re-
main observable only from a particular zone of geo-
graphical latitude. There is 2 need for an approxim-
ate method of preparing a world-wide long-range fore-
casts of the visibility zones. This method is termed as
the “Modified Orbital Elements.” This was devised by
three agencies which are cooperating in the Interna-
tional Geophysical Year program. It is described in
a manual entitled Simplified Satellitc Prediction from
Modified Orbital Elements.

OLSERVATION TECIHNIQUES

The primary objective in satellite tracking is the
determination of the position of the satellite in the
sky and the time it occupied that position. The basic
requirement is that the position be given to an accu-
racy of one degre of arc and the time correct to one
second. To satisfy these requirements two basic tech-
niques were cmployed ; namely, the fundamental and

the differential methods.
F'undamental method

The fundamental method involves the direct mea-
surements by mecans of the vertical circle attached to
the telescope. For example, as a satellite crosses the
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meridian, its altitude is found by reading directly the
angle on the vertical circle.

Differential meihod .

The difterential method involves the measurement
of the differences in posilion on a star map between
the satellite whose position is desire:dl and the nearby
stars whosa positions ave already known. The stars
provide a background against which the position of
the satellite can be determined at any moment ‘diring
its passage across the ficld of the telescope.

OBSERVING METHODS
There ave two methods of tracking artificial satel-
litcs by visual means; namely, telescope tracking and
phototracking.

Telescope iracking

Equipment and accessories: Tha equipments neces-
sary for a successful moonwatch observation are tele-
scopes, tape-recorder, star map, a short-wave vadio
receiver, and tables.

The telescopes are standard moonwatch telescopes
specially built of satellite tracking. They are of the
clbow type with a magnification of six diameters and
a field of view of 12 degrees.

The tape-recorder keeps a record every time an ob-
server shouts “TIME" as the satellite croses his field
of view.

The star map is a chart showing the positions of
the stars as they are seen on a cloudless night.

Set-up for table-top observation: The table is
placed as horizontally as possible to facilitate the set-
ting up of the telescopes. The telescopes are arranged
in two rows on each side of the table. They are all
aligned o the meridian of the station by resting their
bases on parallel straight edges clamped on the table.
These cleats are oriented to the meridian with a mag-
netic compass. In this way the vertical crosshairs
of the instruments are automatically aligned to the
meridian. Accuracy in aligning the telescopes to the
meridian is very important since the crossing of the
satellite across il gives the data needed by the com-
puting center.

On one side of the table the telascopes point to the
north while on the other they point to the suuth. The
basic principle here is that in the team of observers
cach maintain a continuous watch ovar a specified area
in the sky along the meridian. These areas overlap
so that the satellite can not cross the “optional fence”
without being detected. The observers are seated
around the table while the leader takes charge of the
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tf\pc recorder and the short wave radio receiver for
time signals.
. \’!’hen a satellite is predicted to pass over the Phil-
I]?DIIIES the team leader, Mr. Ernesto Calpo, imme:
fha?ely alerts his members for observing during the
indicated twilight period. The mcmbers are on the
o!Jser\'ing line at least 15 minutes ahead of the pre-
dicted time of passage. Lach is provided with a star
map. Five minutets before the critical time of passaze
the observers start their observations. As soon as an
observer sees the appearance of the satellite at the
edge of his field of view he shouts “TIME". When it
passes thg vertical cross-hair he again shouts “TIME”.
;Amd ﬁn.all_\', when the satellite leaves his field of view
ge] again shouts “TIME”. 1f it happens that in his
p?c? 0,1: Vl.e.w‘ there is a bright star or a group of cons-
ous stars he also sayvs *“TIMIE” as the satellite
basses near the star or the group of stars. During
l.!le entire periord the tape recorder directly records the
time signals from the short wave radio receiver. After
the satelltite has left the feld of view, the observer
Plots the satellite’s path on the star map- and indi-
cates the direction of motion..

Pictotracking

gr'l\? °l’1 _brecision tl'af:kinlg of a satellite a special photo-
dif‘fl:-ym%- telescope is used. Phototracking employs the
Sky ‘,‘?;-‘11.1 l1al.method ?f determining the position in the
Phots fc1 the satglhte occupies at a particular time.
-~I>ositi§:,ap-hed against a background of stars whose
Dositions 1;1 the sky can be prgcisely determine:l, the
with 1 nf the ?'at-.*lhte can likewise be determined

he same high degree of precision.

TRANSMISSION OF DATA

Pssentigl data recorded

\\'z;It‘:l? ie::: ;“-0 essential data I"ecor(lccl. by the moon-
he poS-ff" every ObSel'\’::\tlo.ll session:

2. The timl 1on of the satellite in the sky

Other inform? it occupied that position. .

the directi ations SPCh as the angular ve'loclt,v and

team Je: 0." of motion is left at the option of the
eader to give,

Transnuission of data

Promptness in transmitting the.observations to the
computing center in Cambridge is essential to the suc-
cess of the program bzcause the orbit of the satellite
is changing very rapidly. Preliminary reports. are
sent by wire. Morc complete reports ave sent in writ-
ten reports to the computing center where they are
converted into expressions that ave fed to digital com-
puting machines.

In the case of photographs, they arc immediately
developed and a rough position ol the satellite is mea-
sured and transmitted to the computing center for
improving the predictions of the satellite’s fiight. The
tilm itself is sent to the computing center for high
nrecision measurements.

REFERENCES

“Artificial Satellite Tracking”, The Elements, VI, (January-
March, 1959), p. 22.

Biesbroeck, George Van, “Table Top Observing with Tele-
scopes”, Bulleiinfor Visuul Qbscrvers of Satellites, No. 5
(Februmy, 1957), pp. 2-3.

Calpn, Evnesto, U.P. Moonwateh Team Leader.

Cruz. Ricardo C., chief astronomer of the Weather Burcau.and
supervisor of the Moonwatch team.

Ienize, Karl, “Satellite Tracking Cameras”, Sky and Telescope
(XVI) January, 1957.

Melin, Marshal. “Observing Satellites”, Sicy and Telexeope,
XVIII (August, 1958), pp. 507-508.

Melin, Marshal.  *Obsecrving Satellite”, Sky and Teclescope,

XVIII (January, 1959), pp. 145-146.

Mctin, Marshall. “Optional Observations of Satellites” Sky
and Telzscope, XVIIL (November, 1958), pp. 28-29.

Mcore, James. “Photometric Observations of Satellite -1958
Delta 1", Sky and Telescope, XVIIl (Deccember, 1958),

p. 83.
“More Satellite Talk”, Sky and Telescope, XVIII (March, 1958),
p. 222,

“Observing Methods for Moonwatch”, Dulletin. for Visnal Ob-
serrers of Satellites, No. 6 (May, 1957), p. 2.

“Regions of Visibility of a Satellite After Launching” Bulletin
for Visual Obsercers of Satellite, No. 9. (July, 1938), p. 2.

uSeme Satellite Notes”, Sky and Telescope, XVIII (Apvil,
1958), p. 196.

Veis, George. “Visibility Fovecasts,” Bulletin for Visual Ob-
servers for Saicllites. No, 8 (March, 1958), p. 2.

\eis, George, ‘'Regions of Visibility aftev Launching of a Satel-
lite", Bulletin for Visnal Observers of Satellites, No. 8

(March), 1958) p. 4.

THE U.P. ENGINEER. July, 1960



	2021_01_14_14_20_22_018
	2021_01_14_14_20_22_019
	2021_01_14_14_20_22_020
	2021_01_14_14_20_22_021

