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FOREWORD

What Is the Oscar Satellite?

FROM THE EARLIEST days of "wireless," radio amateurs or "hams" havebeen noted for their passion for experimentation. They made many major
contributions to the new science of electronics. Today they are still at it. In
the early 1960s a group of West Coast D.S. amateurs designed and built the
first amateur experimental communications satellite and persuaded the D.S.
Air Force to launch it for them as a "hitch-hiker" on a regular space vehicle.
They called their satellite Oscar for Orbiting Satellite Carrying Amateur
Radio. Construction of subsequent amateur communications satellites
involved amateurs in other countries as well, notably Australia, Canada and
Germany so the program has been truly international. The Oscar group in
California was joined by an East Coast group which named itself the Radio
Amateur Satellite Corporation or Amsat, both sponsored and supported by
the American Radio Relay League, the national organization of radio
amateurs. In October 1972, Oscar 6 was launched with an Itos weathel
satellite by NASA. It was the first in a new series of more sophisticated
amateur communications satellites with applications far beyond the original
narrow experimental limits of the early Oscars. In the first place it could be
used for communication by ordinary radio amateurs with simple standard
equipment. Perhaps even more important - and the reason NASA has been
willing to carry Oscar hitch-hikers - Oscar 6 represented an opportunity for
radio operators in the developing countries to become involved directly in
space communication and for the first time, for educators to have available a
real satellite for direct student participation in and observations of space
communications. As an educational tool in the space sciences, in physics, in
mathematics, and even in the social sciences at the elementary and secondary
levels, the Oscar satellites are an exciting development. The program has
been extensively tested by educators and a number of uses in support of
school curricula have already been recorded. And radio amateurs in
communities throughout the country are ready and eager to assist in
providing the radio equipment and expertise for demonstrations.
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Communications Satellites - A look Back

Anyone who was around when word was flashed to all the world that the Russians had
launched a satellite into earth orbit is unlikely ever to forget that moment. We quickly
sensed that life would never be quite the same again. Those experienced in radio
communication knew that their art would be in for major changes very soon.

Sputnik I was, in a sense, ~ communications satellite, albeit a one-way system. Its simple
transmitter, operating near the amateur 21-MHz band, could be heard wherever there was a
receiver for that frequency range. Who had most receivers of this type? Radio amateurs, of
course. The Russians knew this, and they knew that within minutes after the dramatic
announcement on Radio Moscow, "hams" would be glued to their receivers, straining to
catch the first radio signal ever heard from a point in space.

And so it was. Almost everywhere, the first people to hear the Sputnik signal were hams.
Suddenly ordinary people like you and me found themselves besieged with endless
questions, phone calls, and visits by representatives of the news media, simply because they
could hear the world's first earth satellite. Professional communications quickly caught up,
but for the first few days almost the only.source of information about the satellite's radio
signal came from ham radio sources. A brief and all-but-unnoticed item in the Russian
journal, Radio, published a few weeks before the launch date, shows in retrospect that at
least a few Russians knew their ploy would have this result.

Early satellites, Russian and American, were one-way devices, transmitting mainly
beacon-type signals with some information about the satellite occasionally telemetered back
to earth. Getting payloads of appreciable size into orbit was the primary consideration at
first; but communications people were hard at work on satellite systems that eventually
would provide world-wide vhf and uhf communication of a reliability and versatility never
attained previously over long distances with earth-bound methods.

Origins of Oscar

The idea of a satellite for u~e in amateur radio communication surfaced very early in the
U.S. satellite program. Hams had built and used repeater-type vhf stations as early as 1932.1
Police radio and other public service communications systems had reliable vhf relay systems
as far back as the late 1930s. With transistor technology expanding coincidentally with early
space research, no great stretch <?fthe imagination was required to forsee vhf repeaters in
space, powered by solar batteries and designed to last for years.

The ideal frequencies for such a service lie in the vhf and uhf ranges. Unlike the 2Q-MHz
signals from Sputnik I, vhf signals are not affected by ionospheric conditions to any great
extent. Even with low-powered ground stations, a vhf relay in space provides a degree of
around-the-clock usefulness and a reliable communications range never approached
previously on any frequency.

Many problems - technical, financial, and even political - stood in the way of this
dream's fulfillment; but none of these stopped the group of advanced amateurs who first
proposed plans for amateur radio satellites. Their progress and eventual success are
chronicled in detail in QST, the monthly publication of the American Radio Relay League.

1See FM and Repeaters for the Radio Amateur, Chapter 1, American Radio Relay League, Newington eT 06111.
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The magazine is availal:?le in many general and technical libraries, so the story is retold here
only in essential detail. 2 •

Operating as Project Oscar, Inc., a group of West-Coast engineer-hams, mostly' working
professionally in the space field, designed and built a series of amateur satellites, and
convinced the right people that the packages should be put into space. Their group name, an
acronym for "Orbiting Satellite CarryingAmateur Radio," lives on today in current Oscars.

Oscars, Past, Present and Future

The Model T of amateur satellites, Oscar 1, hitch-hiked a ride into space aboard the
USAF's Discoverer 36, at 2040 GMT, December 12, 1961. Minutes later, its cheery
"di-di-di-dit cti-dit" (Morse code for "hi") was heard on 145 MHz at amateur radio station
KC4USB, in the Antarctic, confirming to all the world that the months of hard work on the
amateur satellite program had paid off.3 The news that radio amateurs now had a satellite of
their own in orbit around the earth had an impact in nonamateur circles seldom, if ever,
equalled in the long history of an always-exciting hobby. The satellite, designed deliberately
to be short-lived, transmitted its hi message until about noon on Dec. 30. This short but
active life brought in over 5,000 separate and detailed reports, from over 570 amateur
stations, in 28 countries. The 10-pound package completed 312 orbits. Its record is spelled
out in QST for September, 1962, page 46.

Oscar 2, transmitting in much the s~me manner as its predecessor, was launched at 0032
GMT, June 2, 1962, and it was last reported on orbit 295, June 20. Like Oscar 1, it
transmitted information about its temperature, speeding or slowing its keying rate with
temperature variations. The considerable information collected from Oscar 2 is summarized
in QST for April, 1963, page 53.

The first true communications satellite for amateur use was Oscar 3, put into a
570-mile-high orbit March 9, 1965. It carried a receiver which monitored 100 kHz of the
amateur 2-meter band, beginning just above 144 MHz, and a transmitter near 146 MHz
which relayed signals picked up by the receiver, spread over a similar 100-kHz segment. Also
carried aboard Oscar 3 were beacon and telemetry transmItters. All told, 176 two-way
contacts were made by amateurs through Oscar 3 by 98 participating stations, 67 in North
America and 31 in Europe. Such bare statistics give little inkling of the thrills experienced
by amateurs working through the satellite, or trying to. QST for December, 1965,
summarizes "who worked whom," and hundreds of "heard" reports listing about 1,000
different amateur stations. Oscar 3 had great technical impact, too. The challenge inherent
in successful use of the satellite moved many a ham to learn as much as he could about
orbital physics.

Because of a malfunction in the launch vehicle, Oscar 4 was something of a
disappointment. It was a translator (repeater) type of satellite, monitoring a narrow band at
144.1 MHz and re transmitting signals at 431.97 MHz. News that two amateur bands would
be involved generated widespread advance interest, but only a few marginal contacts were
managed during the life of the translator. One of the more significant: UP20N, Lithuania,
USSR, and K2GUN in New Jersey, Dec. 22, 1965,fhe first satellite exchange between the
United States and the Soviet Union by any satellite whatever, not just amateur.

Oscar 5 was unique in several ways. Most important, it was an international effort, the
package having been designed and built by students at Melbourne University in Australia, as
indicated by its full name, Australis-Ossar 5. AO-5 was the first satellite project carried
through by a new amateur group, the Radio Amateur Satellite Corporation, (Amsat) based
in the Washington, D.C., area. They worked with many of the original Oscar people in
bringing the effort to fruition. Oscar 5, launched January 23, 1970, was mainly an
educational satellite, designed to transmit only. Signals were radiated on the amateur 2- and
10-meter bands, permitting study of ionospheric effects near the peak of the sunspot cycle.

2 A complete bibliography of satellite articles appearing in QST is available from the publisher, no charge. Send a
stamped self-addressed envelope to ARRL (See Reference 1) and ask for the satellite bibliography.

3QST, February, 1962, p. 9.
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Finally, the satellite was the first used in extensive educational work by the Talcott
Mountain Science Center, of Avon, Connecticut, developers of this curriculum supplement.

Oscar 6 is in orbit as this material is being prepared. It is a translator-type satellite,
receiving in the 2-meter band and retransmitting signals in the IO-meter band. Its effective
communications range is far greater than previous Oscars, and it has already surpassed the
record of all previous Oscars many times over, in number of contacts made and number and
distribution of participants. It was launched in October, 1972, and as this is written there
have been thousands of amateur contacts made through it, some of them over remarkable
distances, such as between the V.S. West Coast and Japan. Much of the work has been
intercontinental in scope, and all continents of the world were represented in com
munication through Oscar 6 within a few days of its launch.

So much for the past. Our purpose, now, is to show how Oscar 6, and future Oscars, can
be used as exciting educational tools.
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SECTIOlV A

What Keeps a Satellite Up?
What Governs the Speed 01.a Satellite?

Oscar Orbital Studies from Doppler Measurements



I. WHAT KEEPS A SATELLITE UP?

(Grades 6-8)

A. Gravity and forward motion are the two physical ingredients necessary for an orbiting
satellite.

The force of gravity is probably familiar to students in modern classrooms. They are no
doubt aware that this invisible force keeps objects on the earth's surface, as well as causing
many to stay in the vicinity of earth out in space. However, gravity alone is not responsible
for satellite motion, which is the concept to be studied here. Depending on the students'
background, the teacher may wish to illustrate the force of gravity and how its force
decreases with distance. Gravity may be compared to magnetic force, and demonstrated on
an overhead projector using a metal ball and magnet. Since gravity and magnetism are both
forces inversely proportional to distance squared, the two appear very similar and can
therefore be demonstrated through analogy. According to Isaac Newton, a force of
attraction exists between any two bodies. This force is called gravity.

Next, it is important to stress that objects in motion tend to stay in motion unless acted
upon by another force. This is another of Isaac Newton's contributions. It is part of what is
called the law of inertia.

B. Method.

For class discussion, present a question to the class in the following manner. What keeps
satellites moving around the earth? Why don't they slow down or even stop? Will the
gravitational attraction of the earth cause them to fall to its surface? The following
demonstration may help students understand why satellites do not slow down and stop.
Again, depending on the students' background, a variety of simple demonstrations or
student-centered activities may be utilized at this point. They are listed below for your
convenience:

I) Lay a large piece of roughly woven cloth on a desk or table.
2) Place a marble in an empty drinking glass and turn it over on its side.
3) Ask a student volunteer to move the glass at a uniform rate of speed, in the direction

of the mouth of the glass, stopping abruptly over the cloth.
4) Ask the class for an explanation of what happened.
Remind the students of what happens when the brakes are applied rapidly in a car. Do

the passengers and objects inside keep moving? What would happen if the car hit a tree or
wall at sixty miles per hour?

It is important to establish the concept that objects in motion stay in motion unless
acted upon by some other force. The marble stopped because of friction. The
demonstration may be repeated without the cloth on the desk. Naturally, less friction allows
the marble to roll further and faster, but eventually it stops. (There is always some friction.)

Additional activities that exemplify inertia may be used as needed at this point.
The next major idea to stress is that in space there is little or no friction to slow down

objects; once started in a suitable orbit, a marble, satellite, Oscar, etc. would keep on
moving almost indefinitely. The concept of a satellite orbiting the earth, and the forces
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involved, can be demonstrated through analogy with simple working models that anyone
can build. An example is shown in Fig. 1.

Materials Needed:

1) Large globe with stand
2) Clothes hanger (wire type)
3) 18 inches of string •
4) Weight (fishing sinker, etc.)
5) 35 mm film can
6) Masking tape

Fig. 1

35MM FilM CAN
"(PLACED OVER HAN6ER)

WIRE ClJAT HANGER

- (BEND ASSHOWN)

STAND

SATELLITE ORBITING MODEL
Construction Procedure:

1) Cut wire hanger and bend into the shape shown.
2) Tape hanger to the globe.
3) Attach string and weight to lid to be placed on hanger as shown.
4) Test to make sure weight and string swing freely about the hanger without tangling.

c. What the satellite orbiting model shows.

Through analogy the model can easily be used to show how a satellite, "stays up." First
the students should envision the weight on the string as a space vehicle. Investigate several
different situations with the class, such -as if the satellite (weight) is lifted above the earth.
what happens when it is released? Obviously it crashes into the earth. The force responsible
for this is gravity. A real space vehicle would suffer the same fate if it were fired into space
perpendicular to earth's surface and the motor turned off.

Try another variation. Give the weight a push by having it take off parallel to the earth's
surface, not straight up. What happens? The satellite follows a curved path out into space
for a brief period, but then crashes on a distant part of the earth. This is a ballistics
trajectory or ICBM path.

Then how do you get the satellite model or real space vehicle to go around without
hitting anything? Give the students a chance to react, explore, etc. at this point.

In order to make the model work, as in reality, the satellite must be carried above the
majority of the earth's atmosphere, and then given a strong forward push so that the
satellite will not fall back to the earth's surface, but "fall" around the earth. The model's
satellite orbit soon decays due to air friction, and this can be pointed out during the
demonstration. The same effect exists with a real satellite and for the same reason. When the
satellite model is in orbit, ask a student to stop it. What happens? The forward motion is
removed, and the satellite falls to the earth. Gravity has taken over completely. While the
space body is in orbit, it possesses forward motion, imparted by the launching device, that
offsets the inward attraction force of earth. A satellite orbits about earth only if it has
inertia.

Another thing to examine is what happens when the string is cut in the model while it is
orbiting. This would be analogous to removing the gravitational attraction. The satellite
takes off on a tangent and never returns. It should be seen clearly that gravity and inertia are
the two primary ingredients necessary for satellite motion.

11



Vocabulary for Development

Artifical satellite - A man-made object put into orbit about the earth or other bodies of
the solar system.

Friction -resistance encountered when two surfaces are in contact with one another. A
force which opposes motion.

Gravity - The attracting force between masses of material.
Period of revolution - The time it takes an orbiting body to make one complete

revolution around its parent body.
Inertia - The property of mass that resists a change in motion.
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SPOOL,
FILM CAN,ETC.

11.WHAT GOVERNS THE SPEED OF A SATELLITE IN ORBIT?

(Grade 6)

A. The speed and period of a satellite depend on its distance from the earth.

The velocity of a satellite in earth orbit varies according to its distance from our planet
This is because gravity force decreases with distance. To put it another way, the further the
satellite is from the earth, the lower the forward speed required to maintain the satellite in
orbit. If either distance or forward speed is changed, the other factor must be changed
accordingly to maintain orbital balance.

This concept can be demonstrated readily with another simple model. Many variations of
the orbital-speed demonstrator, Fig. 2, have been devised. The method may be amplified or
changed as the teacher sees fit Depending on the level of sophistication needed, the teacher
may choose only portions of the suggested outline.

Orbital Speed Demonstrator
(Refer to Diagram)

Materials Needed:

I) Empty thread spool, 35 mm film can, or tubing of some type
2) Ball, chalk-board, erasers
3) 5-foot length of string

In the model, the spool
represents the planet earth,
the single eraser can be the
satellite, and the 3 erasers can
be thought of as the gravita-
tional force of attraction.

Fig. 2 2-3-4-CHALK
ERASERS

Before whirling the eraser around in the conventional manner, the teacher may wish to
allow the students to predict what will happen under certain circumstances. For example,
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begin pulling the single eraser away from the spool and hold at a distance. What will happen
if you let go? Allow student interaction, and relate this to a satellite around the earth. How
can the eraser be made to stay in orbit? By whirling it of course. It will only remain up
when motion or inertia is present.

As an additional investigation of satellite motion and orbital speed, primarily, swing the
single eraser at a constant distance and have a volunteer add two or more erasers to the
others by paper clip attachment. In order to maintain the prescribed distance it will be
necessary to swing the single eraser faster.

A real satellite must maintain a higher orbital speed if it comes closer to the earth, to
keep the balance with gravity. At large distances the satellite speed is much slower, because
the gravitational attraction is much less. Satellites closest to the earth have the shortest
orbital periods, and those at great distances have long periods, because of slower velocities.

B. In which direction do you launch a satellite? Does it make a difference? (Grades 6-8)

If you need a velocity of almost 18,000 mph, any help would be appreciated. Because the
earth's velocity eastward is 1000 mph at the equator, the earth's motion can give a free
1000 mph assist in orbital speed. Most of our satellites are launched eastward from Cape
Kennedy to take advantage of this push.

Oscar, however, is launched from the western launching site in California and is launched
westward. Extra power is needed for this orbit, but it has one great advantage: the satellite
may be put into a sun-synchronous orbit, allowing it to pass overhead at nearly the same
time each day.

What direction does a satellite come from? If Oscar made a pass from east to west, would
it be the same on its next orbit? It would if the earth didn't turn, but because it does, Oscar
or any satellite generally appears to change directions from one pass to the next. This is the
result of your being carried underneath the orbit, and thus having different vantage points
from which to view the satellite.

Because of this, predictions are necessary to find Oscar's location. These can be obtained
from WlAW, a short-wave station operated by the American Radio Relay League,
Newington, Connecticut. A schedule of Oscar transmissions is available on request.
The predictions supply the necessary information to plot an Oscar pass on any map. Before
this is attempted though, let's make sure that the terminology used is clear.

Fig. 3 - Orbital inclination and nodes

CIRCULAR

EQUATORIAL

ORBIT"C'Oo

CIRCULAR POLAR ORBIT

0<: = 90°/

QC = ANGLE OF INCLINATION TO EQUATOR

INCLINATION
ANGLE

APOGEE
(FURTHEST POINT FROM EARTH)

ELLIPTICAL ORBIT
0<:: 45°

I
PERIGEE

(CLOSEST POINT
TO EARTH)
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The designated angle of a satellite orbit with respect to the equator is called its
inclination .. The point where a satellite orbit and the equator cross is called the node. For
any satellite there are two nodes, one where the satellite crosses the equator going from
south to north, called the ascending node, and where it crosses going from north to south,
its descending node. Satellites can be put into orbits with a variety of inclination angles, all
of which have nodes. The only exception is an equatorial orbit where the position of the
satellite is always directly above the equator. Since all other orbits have nodes as a common
characteristic, these can be conveniently used as reference points. If the longitude for one of
the nodes is given, an orbit for Oscar can be plotted on a map or globe. Further, if the time
of the event is considered, the passing of Oscar near a major city can be computed.

When drawn on a flat map of earth (such as a Mercator projection), a satellite orbit
appears to have an S-shaped path. However, everyone knows that satellite orbits are nearly
circular or elliptical. A simple plotting activity can help in understanding why orbits come
out S-shaped on a flat surface map. When plotting is completed the map can be used to see
the major cities Oscar passes near during one revolution.
Materials Needed:

1) Earth globe
2) String
3) Map of world, flat projection
The string wrapped around a globe represents an Oscar orbit. This same piece of string

can be used to draw the orbit on a flat projection map.
1) Wrap a piece of string around the equator on the globe. Note its length.
2) Tie the string at the proper length so it will fit tightly around the globe at its equator.
3) Place the string around the globe so that it passes through Cape Kennedy. Carefully

adjust the string so that half of the orbit is below the equator and the other half is above.
Give the orbit an inclination angle of 101 degrees.

4) To keep the string from falling, tape it to the globe.
5) Draw the orbit outlined on the globe on a flat-projection map as follows:
Start at Cape Kennedy and mark a dot or X on the map. Move along the orbit, marking

locations such as the equator and major cities. Continue to find easily recognizable locations
on the globe until at least fifteen points have been plotted on the map. The points can then
be joined with a smooth curved line. Note the shape of the orbit.

All of the Oscar orbits can be plotted in this manner, provided you have the longitude of
the ascending node and the inclination.

Satellites can be put into orbits with a variety of inclination angles. For example, if a
satellite orbit goes over the poles, it is called a polar orbit. The angle of inclination for this is
about 90 degrees. What about a satellite orbit in line with the earth's equator? The
inclination angle would be zero. If this satellite is 22,300 miles away from the earth, it
becomes a synchronous-orbit satellite. If three Oscars were placed in space at these
distances, 120 degrees apart, they could supply worldwide communications at all times, as
some commercial communications satellites do.

Vocabulary for Development

Node - The point of intersection between a satellite orbit and the equator.
Inclination - The angle of a satellite orbit with respect to the earth's equator.
Synchronous orbit - An orbit above the equator 22,300 miles above the earth's surface

where the orbital speed matches the rotation speed of the earth.
Polar orbit - An orbit whose plane or direction is along the polar axis of the earth.
Ascending node - The intersection point where a satellite is moving south to north

across the equator.
Descending node - The equator intersection point where the satellite is moving from

north to south in its orbit.
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Ill. OSCAR ORBITAL STUDIES FROM DOPPLER MEASUREMENTS.
(Grade 12)

A. Doppler measurements allow determination of a satellite's period, slant-range, position,
and velocity.

Doppler-shift techniques can provide a number of accurate measurements of satellite
orbital parameters. By simply receiving an Oscar signal, students can predict times for
satellite passes, acquisition of signals, etc. The equipment necessary for Doppler measure
ment is simple, and directional antennas and frequency standards are not necessary.

How does Doppler work? As a satellite approaches a receiving station, the transmitted
frequency appears to a ground station to be a few kilohertz higher than it really is, because
of the Doppler effect. The apparent frequency will also be correspondingly lower when the
satellite recedes, moving toward the opposite horizon. At one point of its pass across the sky
the satellite will appear to be emitting exactly the frequency it is supposed to. This happens
when the satellite is at the point of closest approach (peA) and is neither moving away from
nor toward the ground station. The time of closest approach can be determined quite
accurately with a simple technique usable at lower grade levels.

Here is what must be done. You acquire the satellite and immediately record GMT
(Greenwich Mean Time) and the frequency of the transmitted telemetry signal. In about
30-second intervals the station operator records the GMT and frequency of the signal
received from Oscar. The frequency of the signal will become lower because of the Doppler
effect. This procedure is continued for the entire pass of the satellite. (Refer to Fig. 4.)

Now that all the numbers have been recorded, here is what is done with the data. A
typical orbit might include the following results.

Time (GMT) Frequency14:20:30 435.0105
(Hour, Min., Sec.)

(MHz)14:21 :00 435.0094
14:

21:30 435.0083
14:

14:00 435.0195 14:22:00 435.0075
14:

14:30 435.0192 14:22:30 435.0067
14:

15:00 435.0190 14:23:00 435.0059
14:

15:30 435.0188 14:23:30 435.0053
14:

16:00 435.0183 14:24:00 435.0048
14:

16:30 435.0178 14:24:30 435.0043
14:

17:00 435.0172 14:25:00 435.0040
14:

17:30 435.0168 14:25:30 435.0039
14:

18:00 435.0162 14:26:00 435.0035
14:

18:30 435.0155 14:26:30 435.0034
14:

19:00 435.0143 14:27:00 435.0033
14:

19:30 435.0130 14:27:30 435.0032
14.:

20:00 435.0119 14:28:00 435.0031

Table I - Doppler-frequency observations for Orbit No. 562 11/29/72 Oscar 6
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You will next need a suitable piece of graph paper. Along the abscissa plot the time
intervals, and the frequencies on the ordinate. The result should be an S-type curve. Note
the example given. This is the type of graph you would have for a near overhead pass. Passes
which do not have their points of closest approach directly over the observer will result in a
curve much more shallow.

Using a straight-edge, draw vertical and horizontal lines through the midpoint of the
curve, as in Fig. 5. The horizontal line indicates the exact frequency of the transmitter. The
vertical line shows the time of closest approach (TeA).

Fig.5
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Now that the exact TCA has been determined, further observations make possible a

quite accurate measurement of the satellite period. A word of caution is in order at this
point, as a factor no.t previously discussed enters into the accuracy of this measurement. The
earth rotates under the orbital plane of Oscar 6, so on each successive pass the satellite is
further west from your location. Referred to as the delta longitude' of the pass, this is
:8.7487 degrees west per orbit. This figure will change slightly, due to regression of the
orbit caused by the equatorial bulge of the earth.

To minimize error, the period should be determined from like passes two days apart.
That is, a pass at 0930 today, and one at 0930 two days from now, are desirable for Oscar 6.
When you have the period, future acquisition times can be determined for your location.
Similarly, the time of loss of signal (LOS) can be anticipated.

Once the period has been found for Oscar 6, the average velocity can be computed. Since
the satellite is in a nearly circular orbit with a 906 mi apogee and a 900 mi perigee, the value
found from the simple calculation below should be close to the actual velocity of Oscar 6.

The velocity V will be:

where: D = distance traveled during one orbit
or circumference of the orbit which

V = 211"(R + h)
p

R = radius of the earth (3963.5 mi.)
h = height of satellite above earth (900 mi.)
P = period

Example calculation:

IS

211" (R + h)

V = 211"(3964 + 900 mi.)
114.99 min.

6.28 (4864)
114.99 min.

V = 30561.41 mi. = 265.77 mi./min.or
114.99 min.

265.77 mi. = 4 43 mI' /sec
60 sec. . . .

15,946.5 mi./hI.

Table 11- Velocities and Orbital Periods for Earth Satellites at Various Altitudes

ALTITUDE VELOCITY PERIOD

Kilometers

o
161
322
644

1609
8045

35,888

Miles

o
lOO

200
400

( 1000
5000

22,300

Km/S

7.91
7.80
7.70
7.53
7.06
5.26
3.07

Mi/S

4.92
4.85
4.78
4.68
4.39
3.27
1.91

I hI. 24.3 min
I hI. 27.7 min
I hI. 30.8 min
I hr. 37.5 min
I hI. 57.7 min
I hr. 46.6 min
24 hr.

The distance between the satellite and the receiving station at the point of closest

approach (PCA) can be obtained from the velocity, the maximum slope of the Doppler
curve, and the transmitter frequency. This information can be found on the graph used to
determine the TCA using Doppler, Fig. 5. The maximum rate of frequency change or the
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Fig. 6 - S-shaped Doppler curve. The TCA and the maximum rate of change of frequency
occur near the center of the curve. The slope (line AC) is necessary for calculating the
slant range.

maximum slope of the Doppler curve can be obtained graphically. By placing a ruler
through the TCA point, parallel to the slope at the midsection, a line can be drawn which is
the maximum slope. From the extension of this line, construct a right triangle as shown in
Fig. 6. From the two constructed sides, (AB and BC) you can read the frequency change
and time interval. Dividing the frequency change (d!) by the time interval (dt) gives the
maximum rate of change (d/ldt) of the received frequency. This value is needed to compute
the minimum slant range in the following formula.
The equation for finding the minimum slant range (r) is:

r = -V2
"'!if

dt

v = satellite orbital velocity
'" = is the wavelength of the transmitted signal

!if = is the maximum rate of change in the signal frequency
dt as calculated.

Sample problem:
r = (7.111 km/sec.)2

.689 m (38.88 cy/sec.2)

= 50.566 km2/sec.2
26.788 m/sec.2

50.552 kmkm/secsec =
.026788 km/secsec

Given: Oscar 6
V = 7. 11 1 kml sec.

d/ = 7.0 kHz
'" = .689 meters

dt = 180 sec.

!if = 38.88 cy/sec2
1887.61 knf~r 1173.00 statute miles

* This equation is actually an approximation based on a flat, non-rotating earth. For the Oscar 6 orbit, it may be
in error by 17.5% or more.
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Vocabulary for Development

ApogeE - The furthest distance of a satellite to its primary body.
PerigEe - The closest distance of a satellite to its primary body.
Period - The time required to make one complete revolution about a primary body.

Table III - Conversion Factors

Statute mile = 1.609344 kilometers
Nautical mile = 1.852 kilometers
Megahertz = 1 x 106 million cycles/sec
(Megacycle/Sec)
Kilohertz = 1 x 103 = 1000 cycles/sec
(Kilocycle/Sec)

Radio Wave Prop'agation Velocity: 3.0 x 108 meters/sec
(2.99793 x 108 meters/sec)

Table IV - Characteristics of Oscar 6

Frequency Wavelength
Beacon

Transmitter
435.10 Megahertz0.689 meters

Altitude at Apogee

1458 kilometers905.96 miles
(Furthest distance)

Altitude at Perigee

1448 kilometers899.75 miles
(Closest distance)

20

Period

Inclination

Eccentricity

114.99456 minutes

10 1:63 degrees

0.00033



SECTION B

Satellite Tracking and Orbital Mechanics
Finding Oscar and Determining the Orbital Period

Scientific and Mathematical Activities Involving Oscar
Scientific and Mathematical Activities UsingT elemetry



I. SATELLITE TRACKING AND ORBITAL MECHANICS

As mentioned earlier, a satellite in motion is the result of gravity's deflection of
straight-line motion. Thus, we are dealing with two every-day phenomena; for most amateur
satellites launched to date, gravity and straight-line motion interact in a particularly
convenient way, giving circular motion. And circular motion is a wonderful thing, because it
is so predictable. There are several ways, indicated below, for students to determine the
satellite's orbital characteristics th~mselves. Then, as a test of their findings, (and performing
what must be called science's goal) the students can predict when and where to look for the
satellite another time. It is hard to describe the thrill of picking up a satellite's signals
precisely at the time you yourself have predicted you should hear them.

11. FINDING OSCAR, AND DETERMINING THE ORBITAL PERIOD.
(Grades 5-12)

A. Starting from scratch.

Suppose you wish to be a purist, and desire your students to "find" the satellite with the
benefit of no outside information; or perhaps you just don't have any orbital prediction
data to work with. Here's what you can do.

Have the students man the radio receiver. You will have to know the transmission
frequencies, of course; otherwise you're looking for a needle in a haystack.

The students listen on frequency in teams of two, for perhaps fifteen minutes per team.
Start at the beginning of the school day, and continue until the satellite is found. * For the
Oscar 6 satellite, this procedure will succeed in less than a two-hour period; more likely it
will take less than an hour. If your antenna is not steerable, the students just listen
(adjusting frequency slightly either side of center on occasion). If the antenna can be
rotated, they should scan the horizon as they listen, as well.

Suddenly they hear the signal! Pandemonium!! When the dust has settled and they have
collected their wits, they write down the exact time (as best they know it), of satellite
acquisition, and the direction of antenna, if steerable.

After some minutes (perhaps just a couple, perhaps as many as twenty), the signal will
disappear. The satellite has "set." Again, they should log the time carefully, and antenna
position if applicable.

When will the satellite return? What is the orbital period? With the equipment available
in most schools, you won't be able to tell yet but you can find out soon. How? Keep
listening! If the satellite appears, say, two hours and seventeen minutes later, you can make
a pretty good bet that its period is about that long. In any case, you needn't listen for at
least one hour from the time of satellite signal loss on the previous orbit, since the fastest
possible orbits are on the order of 90 minutes.

So the students observe the elapsed time between a satellite event (signal acquisition or
loss, for instance) and the same event one orbit later. They have their first and roughest
orbital period prediction.

* Oscar 6 passes are observable in the morning and evening hours only and not in the afternoon.
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11 :01 :30 (orbit 2)
9:08:30 (orbit 1)

This predicted period can be refined substantially by predicting acquisition times for
tomorrow's orbits, and then observing the exact acquisition time. Divide the difference in
time between today's and tomorrow's acquisition by the number of orbits travelled in that
time, and your students have determined the satellite period quite accurately.

Suppose your students acquire the satellite for the first time at 9:08:30 (8-1/2 minutes
past 9:00) on Tuesday morning. Perhaps the next acquisition time is 11 :01 :30 the same
morning. The first example of satellite period, then, is the difference between the two times,
or:

1:53:00 or, 1 hour, 53 minutes, 0 seconds

(113 minutes). To refine this value, tune in tomorrow, as they say. The students can predict
just when to listen tomorrow, by advancing today's predi<;tion in 113 minute increments.

Thus, 3shouldbeacquiredat11:01:30 +1:53: 00 12:54:30P.M.
4

"12:54:30+1:53:00 =14:47:30 "
5

" "14:47:30+" =16:40:30 "
6

" "16:40:30+" =18:33:30 "
7

" "18:33:30+=20:26:30
8

" "20:26:30+"" 22: 19:30"
9

"22: 19:30+" =00: 12:30 "
10

" 00: 12:30+=02:05 :30 "
11

" "02:05:30+"
03:58:30"

12

"03:58:30+" =05:51:30 "
13

" "05:51:30+" =07:44:30 "
14

" "07:44:30+",~ =09:37:30 "

Wednesday morning, at 9:37:30 they should expect to hear the satellite, 13 orbits after
their first acquisition.

But, unless you are very lucky, the satellite won't be there just then. Have the students
begin listening 45 minutes or so earlier than their prediction. Suppose they acquire the
satellite not at 9:37:30, but at 9:22:00 on Wednesday. With these data they make an
improved satellite period determination.

The satellite travelled 13 orbits (orbit 14 - orbit 1) in 24 hours, 13-1/2 minutes (9:22 :00
Wednesday - 9:08:30 Tuesday). Converting to minutes, 24 x 60 + 13-1/2 minutes =
1453-1/2 minutes for 13 orbits. One orbit, then is 1453-1/2 minutes divided by 13 orbits, or
111.8 minutes, or 111 minutes, 48 seconds. This orbital period will be highly accurate and it
can be improved further by making additional observations of acquisition times. With a little
care and three or four days' observations, the satellite's period can be determined with an
uncertainty no greater than three or four seconds!

With this sort of accuracy, your students can make highly accurate predictions of
satellite communications times many days in advance. Naturally, it is very important that
the students' clocks be accurate.

Questions

The questions following can be used either as work problems or test questions. The
individual teacher can select from the questions any which would be appropriate for the
relevant grade or academic level of the students.

1) (All grades) Suppose you are listening for Oscar 6 for the first time; you wish to learn
about its orbit and when in the future you can hear it. Finally you hear the signal! What
facts about the acquisition you just made should you record?

Ans: Exact time of acquisition, and antenna direction (if steerable),
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2) (All grades) You're listening to a satellite (any satellite), and you hear it "set." What
would be the soonest you might expect to hear it again?

A. 5 minutes
B. 20 minutes
C. 1-1/2 hours
D. 6 hours
E. Next day

Ans: C

3) (All grades) Imagine you acquire Oscar at 8:52: 16 EST on Tuesday morning. You
continue listening, and acquire Oscar again at 10:45:03 EST, same day. What would be your
estimate for Oscar's period, based on these measurements?

Ans: 1:52:47 (l hour, 52 minutes, 47 seconds).

4) (All grades) You're listening to Oscar on each pass one morning, and recording data
as you listen. What information would you use to predict when you will hear it next?

Ans: Take the last two acquisition times, and find the time between them. This time is
an estimate of the orbital period, Add this time to the most recent acquisition time, giving
the next acquisition time.

B. Finding Oscar using transmitted orbital data.

Each day, W1AW transmits the times at which Oscar will be over selected cities, as well
as the time and location of satellite equator crossings. Your students may use this
information to determine in advance when to listen to Oscar. Here's how!

B-1. Finding Oscar using selected-cities data (Applicable to all grades.)

This is the simplest way of tuning in on Oscar. The Wl AW bulletin tells when the
satellite will be over a number of V.S. and foreign cities. Simply find the city nearest you on
the list, and listen in at the time indicated. For students just beginning, or those who are
interested more in communication than in studying the satellite's behavior, this method of
finding Oscar is the most appropriate.

The following is a sample of the data, in transmitted form:

City and Time of Pass
New York: 01: 17
Denver: 03: 12
Fairbanks: 05:15
Honolulu: 06:55

Date: 15 Jan, 1973

Orbit

1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155

ASCENDING NODE

Time Longitude
01 :03:29 63.6
02:58:29 92.3
04:53:28 121.1
06:48:28 149.8
08:43:28 178.6
10:38:27 207.3
12:33:27 236.1
14:28:27 264.8
16:23:26 293.6
18: 18:26 322.3
20: 13:26 351.1
22:08:25 19.8

Azores:
Halifax:
Detroit:
Las Vegas:
Honolulu:
Reykjavik:
Azores:

11:24
13: 16
15: 12
17:09
19:09
20:35
22:21

The procedure is clear for the information supp·lied. On this day, students in Detroit can
expect to hear the satellite best at 15: 12 Greenwich Mean Time, which is 10: 12 A.M.
Eastern Standard Time. As the satellite's range covers thousands of miles at anyone time
(Section IIC), students within many hundreds of miles of Detroit can expect to use Oscar at
the same time. During the daytime, Oscar 6 crosses the earth's surface from north to south;
thus, students living south of Detroit may expect to hear Oscar a few minutes later than the
time listed for Detroit.
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Questions

1) (All grades) List 3 ways of going about "finding" Oscar.
Ans: 1. Listening on frequency until you hear the signals

2. Using the orbital cities data
3. Using equator crossing data

2) (All grades) Suppose you live 100 miles south of Chicago. The orbital cities data
indicates that Oscar 6 passed over Chicago at 10: 13 A.M. today. When would you expect to
have Oscar pass nearest you?

A. A long time before 10: 13
B. Shortly before 10: 13
C. At 10:13
D. Shortly after 10: 13
E. A long time after 10: 13

Ans: D

3) (All grades) If the city nearest your school is not listed in the Orbital Cities data, is
there any way you can hear Oscar 6? How?

Ans: Yes. This information gives only a few points along Oscar's path. If you live in the
same state or time-zone as one of the cities listed, you will be able to hear Oscar on the orbit
listed for that city. Or, you can use the equator crossing data.

7867564 hrs

EST

Subtract
5 hrs

B-2. Finding Oscar using satellite equator crossing data (Grades 6 and up)

The satellite selected-cities data are more accurate if you live in one of the cities listed.
The further your school is from the nearest selected city, the less accurate the data.
Furthermore, these data give only the optimal passes for each city: the passes which are
nearly overhead. Many other non-overhead passes may be equally useful for communication.
To find exact, complete, satellite acquisition and loss information for your school or for a
location elsewhere with which you wish to communicate, you must deal with more detailed
orbital prediction data. The method is outlined in this section. Although it requires a good
deal more effort than using the selected-cities data, the method is not difficult and requires
no special mathematics. The average sixth grader can cope with it successfully.

Using this method has the added advantage that the student gains a far better
understanding of satellite behavior by dealing with orbital data directly. For the student of
satellite orbits, the selected-cities information is too "automatic" and incomplete. On
page 30 is a satellite plotting chart for the northern hemisphere; this chart, or a
reproduction of it, may be used for plotting the satellite's path on various orbits. The
procedure is as follows:

a. Orbital determination
From the WI AW bulletin you have found the time and longitude of Northbound equator

crossing (and ascending node) for some particular orbital pass. The longitude of an equator
crossing will be given in degrees west of Greenwich, the O-degree or prime meridian. Notice
that on the plotting map, east longitude does not appear. Values are from 0 to 360 degrees
west longitude.

The time of equator crossing will be given in Greenwich Mean Time. To convert to your
own clock time, use this table:

To Go From Greenwich Mean Time To:

EDST CST CDST MST MDST PST PDST

On the map, then, put a dot where the satellite crosses the equator. Write the time of the
equator crossing just to the right of the dot.
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Where will the satellite be next? Your students can find out with the help of Table V,
below. It gives the satellite's position relative to equator crossing for every two minutes,
from ascending node to descending node, for any orbit. This information was prepared for
Oscar 6, with an orbital period of 115 minutes. If the satellite your students are tracking has
a period significantly different from 115 minutes (for instance, if it differs by more than 3
or 4 minutes), you and they ought to refigure the values in Table V.

Table V

Formulae for this table are as follows:

Latitude = arcsin [ (sin i) sin (~T)J
Longitude west of that at ascending node =

arccos {. cos (¥) J' + ~\_ cos (0)
where = orbits' inclination to equator

P = satellite period
T = time after ascending node
o = latitude

Time
Minutes Past

Ascending Node
(S-N Equator crossing)

o
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42

Lat.
Degrees N

o N
6.1 "

12.3 "
18.4 "
24.5 "
30.6 "
36.6 "
42.7 "
48.7 "
54.6 "
60.4 "
65.9 "
71.1 "
75.5 "
78.0 "
77.6 "
74.5 "
69.9 "
64.6 "
59.0 "
53.1 "
47.2 "

Long.
Degrees W.

o
1.8
3.6
5.5
7.44
9.6

11.9
14.5·
17.7
21.5
26.5
33.3
43.5
59.9
85.6

116
139.3
153.8
163
169.3
173.9
177.5

44
46
48
50
52
54
56
57-1/2

41.2 "
35.2 "
29.1 "
23 "
16.9 "
10.8 "
4.6 "
o S

180.5
183.1
185.4
187.4
189.4
191.2
193
194.4

Table V is used as follows: The second row of numbers shows that two minutes after
ascending node the satellite will be at 6.1 degrees north latitude, and 1.8 degrees longitude
west of its longitude at equator crossing. Four minutes after ascending node, the satellite is
at 12.3 degrees north latitude, and 3.6 degrees west of equator crossing, etc. Plotting these
positions and their corresponding times on the map, and connecting the positions with a
smooth curve, gives the satellite's path across the face of the earth, and the time at which
the satellite arrives at each point.

Will the pass you have plotted come within range of your school? That depends upon
how high the satellite is in its orbit. The higher Oscar's orbit, the more of earth's surface is
within the satellite's range at any time; which is to say, the higher the satellite, the further
away you can be and still communicate through it. This idea is developed more thoroughly
in Section lIe, below. For now, let's assume that you are tracking Oscar 6 whose mean
altitude is 900 miles. At this altitude anyone within 2,445 miles of the sub-satellite point
(that spot on earth directly below the satellite) will be within range, assuming no local
obstructions exist. Draw a circle, then, with your school at the center, radius 2,445 miles.
Whenever Oscar is inside this circle, you can hear it or communicate through it.

The times at which the satellite crosses the circle give the acquisition and loss times for
the orbit plotted. With care, students should be able to predict acquisition and loss times to
within 30 seconds.
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Questions

I) (Grades 6, 7) How would you write 6 A.M. in 24 hour notation?
2: 15 P.M.?
Noon?
4 minutes and 53 seconds past 8 P.M.?

Ans: 0600, 1415, 1200,2004:53

2) (All grades) Equator crossing time for one of Oscar's orbits is listed as 14:54:23
GMT. A. If you live in New York, in daylight saving time, at what time by your watch
will the equator crossing occur? B. What if you live in California, and are on standard
time?

Ans: 10: 54: 23; 6: 54: 23

3) (All grades) Suppose the time is 4:52:00 GMT, Thursday. What time and day is it?
A. In Baltimore (which is on EDT)
B. In Detroit (which is on EST)
C. In Seattle (which is on PST)
D. In Fort Worth (which is on CDT)

Ans: A. 00:52:00 Thursday; B. 23: 52:00 Wednesday; C. 20:52:00 Wednesday;
D. 23:52:00 Wednesday

4) (All grades) Oscar 6 crosses the equator northbound on Orbit XYZ at a longitude of
o degrees (i.e.,on the Prime Meridian). What will its longitude be when it reaches a latitude
of 48.7 degrees?

Ans: 17.7 degrees west of Greenwich. (Table V)

5) (Grades 10-13) The data in Table V suggest that Oscar 6 never tracks directly over
one particular region of earth's surface. What is this region? How do the data tell you?

Ans: The Northpole and vicinity (also S. pole and vicinity). The table shows longitude
increasing steadily with time, and in fact Oscar 6 covers all longitudes each orbit. But in
latitude, Oscar 6 goes from 0 up to about 78° , then back down to 0° (and then south of the
equator.) It never sails directly over latitudes higher than 78 degrees.

6) (Grades 9-12) From the data in Table V, find how many degrees of longitude Oscar 6
moves westward in one orbit.

Ans: From the data, we see that in 1/2 an orbit, longitude increases by 194.4 degrees. In
a whole orbit, this would be 2 x 194.4 = 388.8 degrees. 388.8 degrees is 28.8° beyond a full
circle. So the shift per orbit is 28.8° .

7) (All grades) Suppose you live at latitude 40.0° north. How many minutes would it
take Oscar 6 to travel from the equator to your latitude? (Table V)

Ans: Slightly more than 13 minutes. (By interpolating or estimating from the latitude
column.)

8) (Grades 8-12) Imagine you live at latitude 42.7° north, longitude 90° west. At what
longitude would Oscar 6 have to cross the equator in order to pass directly over you?

Ans: From Table V, it is seen that at 42.7° north, Oscar 6 is 14.5° west of its equator
crossing longitude. Thus, it would have to cross the equator at 90-14.5 = 75.5° west.

9) (All grades) What is the furthest away Oscar 6 can be from you (across earth's
surface) for you to remain in contact with it?

Ans: 2,445 miles.

10) (All grades) Find a place on earth from which you could hear Oscar 6 on every
single orbit.

Ans: At or in the vicinity of either pole. Even though the satellite never crosses directly
over these regions, it does come close enough on every orbit for communications to be
possible.
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b. Antenna pointing

If your students have a "steerable" antenna, they will want to aim it directly at Oscar as
it crosses the sky. With the satellite's orbit plotted, pointing angles are fairly easy to
determine. To find the azimuth heading for each two-minute dot (Le., the horizontal
antenna direction in which to point your antenna), place a protractor on the map with 0°
pointing to the north pole and the line between 0° and 180° set on your longitude. The
protractor's vertex should be on your location. Place a straightedge from the vertex to the
point whose azimuth you are after, and read the angle from the protractor. Notice the
orientation of the protractor, to observe if the angle is 30° west of north, or whatever.

To find the satellite's elevation angle above the horizon, the graph below will help. On
the map, the students measure the distance from their school to the satellite, and find the
satellite's elevation angle from the graph. The closer the satellite, the closer it is to overhead.

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

DISTANCE (N. MI LES)

\ ANTENNA ELEVATION ANGLE\
2n -

DIST.=360xR{90-f-ARC SIN€~hCOSE)}

!'\
R=RADIUS OF EARTH -

h=SATELLlTE ALTITUDE

-
r\.

FOR STATUTE MILES, MULTIPLY N. MILES
BY 1.1516

-
r\. ""

~..........•.

..•.••.•...-......
r---.....-

Fig. 7 - Antenna elevation angle vs.
distance along earth to sub-sateJlite
point.

Questions

1) (All grades) In which direction should you aim your antenna to acqUIre Oscar
6 on any school hours pass?

Ans: Toward the north about almost on the horizon. All daytime passes are north to
south in direction. The exact angle (NW, N, NE) must be determined from specific orbital
information; but it is always from a northward direction.

2) (All grades) Plotting an Oscar 6 orbit on a map, you find that the satellite will be
1500 nautical miles away at 10: 02 A.M. To what angle should you elevate your antenna at
this time to be aimed directly at the satellite?

Ans: 12 degrees.

3) (All grades) In which direction will you be aiming your antenna when you lose Oscar
6, due to its setting (daytime pass)?

Ans: Toward the south. All daytime passes are north-south.

4) (All grades) Tracking Oscar 6, you notice that at 9:42:30 A.M. the antenna is
elevated 55° . How far away would you estimate the satellite to be?

Ans: 450 N. miles.

C. Satellite Range-finding - With whom can you expect to talk?

(Grades 6 and up, the application; Grades 10 and up, the derivation)

One of the first questions to arise after the satellite has been "found" once, is that of
long-distance communication. To whom can you expect to talk? Your students can answer
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this question if you give them the sketch below to think about. To talk via satellite, both
you and your correspondent must be within sight of the satellite at the same time. Thus,
you both must be within the cone in the sketch (Fig. 8). The cone is tangent to the earth's
surface, at the point of contact. The greatest distance possible is from one side of the cone
to the other. The tenth graders should be able to verify that this distance in degrees
is twice
angle A; and that
angle A's
cosme IS

Rj(R+h).
Multiply the
angle (twice A) Fig. 8 - Satellite Range.
by 60 to give the
distance in nautical
miles;
2A x 69 results in
the distance in statute miles. Or, your students
may use the graph below to find the distance directly.
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Fig. 9 - Maximum communications distance vs. orbital height.

This distance is the greatest possible, unless refraction (see Section III E) extends the
range, which is a worthwhile investigation of its own. Normally the satellite will not be on
your horizon as you work through it; in Fig. 8 you will not always be on the very fringe as
depicted. To find which parts of earth are within your reach at any other time, draw a circle
of radius A around the sub-satellite point (not around your own station, as in Section liB).
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Communication is possible between any two stations within the circle. The circle's position
moves with the satellite, so the part of the planet you can reach will change as well.

A globe is very useful for problems of range and communications. With pins and strings
of the appropriate lengths, your students can construct acquisition circles and see very
clearly just which countries, states, provinces, etc., are within range at anyone time. The
distortion inherent in any two-dimensional map makes the construction of such circles on a
map less than certain.

With detailed information as to satellite positions, acquisition and loss times, and range
of commuriication, your students may wish to establish a planned communication effort
with students or others in other parts of the world. A letter to a pen-pal in another country
may be a handy way of arranging a future conversation by satellite, at a carefully calculated
date and time!

Following these procedures, ypur students can predict all of the important orbital
information for Oscar, including the time of acquisition, duration of contact, and position
in the sky at any time desired; a fine accomplishment! Other aspects of orbital behavior
appear in the following sections.

Questions

1) (All grades) How high must a satellite be so that people on the east and west coasts of
the D.S.A. can communicate with each other? (coast-to-coast distance is about 3,000 miles).

Ans: 300 st. miles (from Fig. 8).
2) (All grades) Oscar 6 is at an altitude of about 900 statute miles. What is the greatest

distance on earth to which you can communicate via Oscar 6?
Ans: about 4,900 st. miles (from Fig. 8).

3) (Grades 9-12) Looking at Fig. 8, determine what the greatest communications range
possible is for any satellite altitude. What would this altitude be?

Ans: 1/2 the earth, at an infinite altitude.

4) (Grades 10-12) With reference to Fig. 8, prove that the maximum communications
range is 2 1T R arccos [R/(R + h)].
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Orbital plot of satellite and a template for a North Polar projection.




