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Ill. SCIENTIFIC AND MATHEMATICAL ACTIVITIES INVOLVING OSCAR.

Oscar is your satellite and your students' satellite. Hopefully they will want to learn all
they can about Oscar's behavior. Now they can concentrate on these questions, having
learned (in Part 11)how to find the satellite.

The activities listed below are keyed for different grade levels, as indicated at the outset
of each unit. Although a certain amount of imposed sequence is necessary (they cannot very
easily find the satellite's altitude without first determining its period), the students do not
have to follow a single sequence, nor do they need to do all of the activities, of course. The
investigations given by no means exhaust the possibilities. Your students and you will come
up with many more intriguing problems, the more they and you use Oscar.

A. Determination of the satellite's altitude (Grades 6 and higher),

Having measured the satellite's orbital period (Part 11A), your students now may
determine the satellite's altitude. IIn Section HA the dependence of period on altitude is
discussed and demonstrated. The students should understand those ideas before continuing
here. The most fundamental observation is that the higher the satellite is, the longer its
period.

Your students can find the satellite's altitude by using the graph of Fig. 10.
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If they make several orbital period determinations, they ought to find the corresponding
altitude for each period, to see the range of error. Older students (Grade 9 or higher) can
derive and evaluate the expression. (see Section III G)

Questions

1) (All grades) Suppose you measure an orbital period of 110 minutes for Oscar 6. From
this measurement, what should you expect the satellite's altitude to be?

Ans: about 800 st. miles (from Fig. 9).

2) (All grades) How high would Oscar 6 have to be in order to have a period 15 minutes
longer than its present period of 115 minutes?

Ans: about 1350 st. miles (from Fig. 9).

3) (All grades) If earth had no mountains or atmosphere, what would be the shortest
possible period for a satellite?

Ans: about 85 minutes (from Fig. 9).

4) (Grades 10-12) Imagine two Oscars in orbit identical except for altitude: one orbit is
at 940 st. miles, one is at 1,600 st. miles. At 9:00 GMT today, one satellite is directly over
the other. When will this happen again? How many orbits will each satellite have made by
then?

Ans:

The lower satellite has a period of 115
minutes, the higher one takes 140 minutes.
Thus the lower satellite is gaining 25 minutes
on the upper one each orbit. They will be

vertically arranged again when the lower (faster) satellite has made exactly one more orbit
<than the other one. So time elapsed will be N x 115 = (N - 1) x 140, where N is the
number of orbits traced by the lower satellite. Solving for N gives 25N = 140, or N = 5.6.
Thus, the faster satellite will have made 5.6 orbits, the higher one 4.6 orbits. The time
elapsed will be 115N = 644 minutes = 10 hours, 44 minutes, 0 seconds. Time then, is
19:44:00 GMT.

B. Finding the satellite's orbital speed. (Grades 6 and higher)

The previous activity gave the students Oscar's altitude. From that, they can find how
many miles Oscar travels in one orbit. Assume that the orbit is circular, and remind students
that the satellite orbits around earth's center, so the radius of earth must be added to the
satellite's altitude (see Fig. 11). The orbital speed, then is just the distance travelled, the

Fig. 11

SATELLITE ORBITAL DISTANCE
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circumference of a circle divided by the time required to make one revolution (the period).
If the satellite's altitude is 1,000 miles, its radius of revolution is 1,000 + 3960 (earth's
radius), or 4960 miles. The circumference is 2 (1T) x 4960 = 31,165 miles. A satellite whose
altitude is 1,000 miles has a period of 118.3 minutes. The satellite's orbital speed, then is
15,806 mph or 263.4 miles per minute. Students can convert this figure to miles per second
(divide by 60) to appreciate the satellite's phenomenal speed.

Questions

1) (All grades) How many miles does Oscar 6 travel in one orbit?
Ans: 21T x (earth's radius and Oscar's altitude) = 2 1T (3,960 + 900) = 2 1T(4,860) =

30,536 st. miles.

2) (All grades) What is Oscar 6's orbital speed, in miles per minute?
Ans: From above, distance travelled is 30,536 miles/orbit. It takes Oscar 115 minutes to

do so, so the orbital speed is 30,536/115 = 265.5 miles/minute.

3) (Grades 9-12) What is the orbital speed of an earth synchronous satellite (altitude is
22,300 miles)?

Ans: 2 1T x (22,300 + 3,960) = 164,996 miles travelled per orbit, in 24 x 60 minutes or
1,440 minutes. 164,996/1 ,440 = 114.6 miles per minute.

4) (Grades 11-12) The distance a satellite travels in one orbit depends only on its
altitude above earth: D = 2 x 1T(R + h), where R = earth's radius and h = the satellite's
altitude. The period also depends only on h: P = 2 1T[(R + h)3 / Gm] 'It where P = period, G is
the constant of gravitation, and m is earth's mass. Combine these relations in a formula
which gives a satellite's orbital speed as a function of altitude.

Speed = D/P = 2 1T(R + h)

21T f(R + h)3J- Gm

= (R + h)

(Gmr'lt .J(R + h)3

=

•
(Gm)'!· (R + h) J(R+ii)3 =

(R + h)3

(Gm)'It (R+ h) (R + h)3/2

(R + h)3

==

= (Gm)'!· (R + h)3/2 =

(R + h)2

J(;:h)

(Gmt· =

(R+'h)'!·

Speed

C. Oscar and relativity theory (Grades 11 and 12).

The special theory of relativity predicts that fast-moving objects will be contracted along
their direction of motion. The effect applies to any object moving in relation to another,
regardless of the speed, but becomes appreciable only for very rapidly travelling objects.

An object of length L (while at rest) will suffer a contraction to a new length
L x Cl - V2 fe2 )1/2 as it travels a speedY. C is the speed of light.

Using 186,000 miles/second for'e, and expressing V also in miles/sec., the students can
determine the extent of Oscar's relativistic contraction.

Questions

1) (Grades 11-12) What is the relativistic contraction of an object moving at 1/2 the
speed of light?
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Ans:

(I. v' /c')~ [1- (~22), ] ~

= (1 - e2/4e2)V2 = (1 - 1/4)'/2 = .J3j4
= 0.866. The new length will be 86.6% of the rest length.

2) (Grades 11-12) What happens to the object's length as its speed approaches that of
light? What happens to its density?

Ans:

Asv+ e, (1- v2/e2)+ O.

Thus, the length approaches O. If one dimension approaches 0, the volume also approaches
zero, hence the density approaches infinity.

D. Effects of atmospheric drag on ,satellites (Grades 6 and higher).

Satellite motion is perpetual, if disruptive forces do not occur. The disruptive
gravitational force of a stray object passi~g through our part of the universe could be
enough to perturb Oscar's orbit, and so might the retarding force of friction. At an .altitude
of almost 1,000 miles, there is not much air to get in the way, but a satellite in a
non-circular orbit can dip down low enough for air friction to be important. Your students
can look for the effects of drag quite simply. By keeping track of orbital periods over a
number of days or weeks, they can see if frictional retardation of the satellite's orbit is
significant.

Even a negative result is often informative; in this case, if they do not observe any
slowing down of the period, they can draw a conclusion as to the vertical extent of the
atmosphere.

Questions

1) (All grades) You observe carefully the times between successive orbital passes, and
find this:

orbit
1-2
2-3
3-4
4-5
5-6
6-7
7-8

time passes between
1:55:27
1:53:25
1:56:02
1:52:57
1:55:16
1:58:19
1:54:46

Is atmospheric drag affecting this satellite? Explain.

Ans: The data doesn't suggest it. They are not increasing significantly from orbit 1 to 8.
Frictional drag can only reduce the altitude of the satellite, speeding it up in the process.
The difference in periods measured probably is a result of the observer not acquiring the
satellite at the same point in its orbit each orbit, random errors in observing or both.

2) (All grades) Does this data suggest the presence of atmospheric drag?
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orbit
1-2
2-3
3-4
4-5

time between passes
1:56:52
1:56:46
1:56:19
1:55 :58

5-6
6-7
7-8

1:56:16
1:55:57
1:55:49



Ans: Yes, it is possible. The orbital periods do show a rather steady decrease as time goes
on. Irregularities (orbits 4-5) may be the result of not acquiring the satellite at the same time
in each orbit, and observational errors of a random nature.

E. Atmospheric refraction (Grades 9 and higher).

Refraction is the bending of waves as they pass through a change of density in the
surrounding medium. As a result of refraction, the sun rises earlier and sets later than it is
"supposed to," based on a purely geometrical argument.

Radio signals are electromagnetic waves, too, and are subject to refraction. As the signal
from Oscar approaches earth's atmosphere at a slant, it curves in more and more steeply (see
Fig. 12). The result is similar to that for the sun: Oscar may "rise" slightly earlier than
predicted, and set slightly later. By carefully measuring the acquisition and loss times of the
satellite, and comparing them with predicted values, your students may be able to detect a
small refraction effect. Certainly it is worth looking for. There may be interesting
correlations with weather conditions here, as visible weather affects refraction of vhf waves
to a marked degree.4

Fig. 12 - Atmospheric refraction of a satellite signal.
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Questions

OSCAR

1) (Grades 9-12) How would you recognize the effects of atmospheric refraction on
Oscar's signal?

Ans: Having predicted acquisition and loss times by the method outlined in Section II
B-2 above, you will consistently acquire Oscar sooner than expected, and remain in contact
later than expected from your prediction.

2) (Grades 9-12) True or false: Refraction always makes an object appear higher in the
sky than it really is.

Ans: True

3) (Grades 9-12) Name one point in the sky where refraction would have no effect on
the object's apparent position.

Ans: Directly overhead

F. Derivation of the altitude-orbital velocity relation (Grades 11 and 12).

This exercise is useful for pointing out the simplicity of circular orbital motion, and its
dependence on gravity (and inertia) only.

Orbital motion can be described as the sum of:

1) Straight-line motion (inertial motion), which suffers
2) Deflection by gravity.

4See Radio Amateur's VHF Manual, published by the ARRL.
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In Fig. 13 the straight-line motion is seen as carrying the satellite away from the earth;
gravity restores it to its original distance. Thus, the satellite must travel just fast enough to
balance the effect of gravity at that distance. Your students may need the figure drawn and
labeled for them, in order to compute the derivation. The solution may be done as follows:

1) If we let the satellite move in an orbit of radius R for a short time I::.t, then it will
travel VI::.t miles in I::.t seconds.

SATELLITE ~

SATElLlTE/S
ORBIT

Fig. 13

STRAIGHT-L1N E
MOTION (INERTIA)

Vf.t I

SATELLITE ORBITS: I NERTlA PLUS GRAVITY

2) Gravitational acceleration g is equal to (Gm)/R2, where G IS the constant of
gravitation and m is the mass of the earth.

3) Applying the Pythagorean theorem to the triangle of Fig.l3, we have the following
formula:

V21::.t2 + R2 = (R + Yzgl::.t2)2

4) Expanding, VZ I::.t2 = Rgl::.t2 + ~g2 I::.t4

5) Dividing by I::. t2 ,

you get, V2 = Rg + ~g2 I::.t2.
Now circular motion maybe considered to consist of a succession of straight line motions

over short time intervals I::.t. (In Fig. 13, the length Vl::.t more closely approximates the
orbital arc A, the smaller the time segment I::.t we consider.) Then if we take I::.t to be
arbitrarily, small, the term ~g21::.t2 can be made arbitrarily small compared with Rg, and
may therefore be neglected. Thus,VZ = Rg.

For your reference, earth's mass and the constant of gravitation are listed in Appendix
(A). It is a worthwhile exercise for the students to find these values themselves, however;
the student will remember for a long time that he had to find earth's mass in order to
compute the satellite's speed, if he has to "dig out" the value himself.

G. Derivation of the altitude-period relation (Grades 11 and 12).

Having found the expression relating altitude and orbital velocity, your students can find
the expression for period as a function of altitude. Period is a time, which is distance/speed.
The distance involved is the circumference of the circle of radius R, of r + h (r = earth's
radius, h = satellite altitude); the rate is V. Thus, P = 2n (r + h) / (g(r + h))1/2. Substituting

Gm/ (r + h)2 for g, and simplifying, gives P = 2 (n) J(r + h)3 fGm, the relation which is
graphed in Section IlIA.
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H. Derivation of Kepler's third law of motion (Grades 11 and 12).

Kepler's laws of planetary motion represent one of the supreme human accom
plishments. The story of this astronomer's search for rules governing planetary behavior is a
fascinating chapter in history. The fact that the laws may be derived rather easily from
Newtonian mechanics does not lessen Kepler's achievement in any way. Kepler was surely
one of the giants on whose shoulders Newton stood, a fact acknowledged by Newton
himself.

Kepler's third law says that the square of a satellite's period will be proportional to the
cube of its radius of revolution. Proof is very simple after the derivation in Section 11G.

Your students may check the validity of the law by comparing the radii and the periods
for various earth satellites, including Oscar. The moon, and a stationary (synchronous)
communications satellite would be other interesting bOQiesto study.

Questions

1) (Grades 11-12) Derive Kepler's third law from the period-altitude relation.

p = 21T J (R + h)3/Grn

Ans: Squaring both sides of the relation gives p2 = 4 1T2 (R + h)3 /Grn. The radius of
revolution is the sum of the satellite's altitude plus the radius of the earth, or ROR (radius
of revolution) = R + h. Thus p2 = ~ (ROR)3. Since 4 1T2/Grn is a constant, then p2 is

Grn

proportional to (ROR)3.

2) (Grades 11-12) Using Kepler's third law and Fig. 10,find the moon's period of
revolution about the earth. (The moon's radius of revolution is 240,000 miles).

p2 p 2
Ans: From Kepler -- = _2_. Let P & ROR be the moon's data and P2 & ROR

ROR3 ROR 3 22

be that for any other orbit from Fig. 10. For example, P2 = 120 minutes. The altitude of
such a satellite is seen to be 1040 miles, giving a ROR of 1040 + 3960 = 5,000 miles =
ROR2.

Then P2/(240,000)3 = (120)2/(5,000)3. p2 = 1202 X (240,000/5,000)3 = 1202 x 483.
p2 = 1,592,524,800. p= 39,906 minutes, or 27.7 days.
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IV. SCIENTIFIC AND MATHEMATICAL ACTIVITIES USING TELEMETRY.

Oscar's message includes a good deal more information than that described so far. The
satellite emits a steady stream of telemetric data, which give detailed information on the
satellite's electrical properties, temperature, and other quantities. Oscar 6 sends data on 24
different parameters, in Morse code, at the rate of 10 or 20 words per minute. The
transmission rate is controlled from the ground, and may be altered from orbit to orbit. At
20 words per minute, a complete transmission of all 24 items takes only about 75 seconds,
so a single station may expect to record over a dozen sets of telemetry data in one pass.

A. Interpreting the telemetry.

The first step is to re.ceive and decode the telemetric signals. The data arrive at your
station on a frequency of 435.1 MHz or 29.45 MHz, in Morse code. Except for the "hi"
which precedes and follows each transmission of data, the signals are all numbers. An actual
transmission from Oscar 6 was copied as follows:

hi
180

148195187
296

296258245
363

373367344
451

436451452
555

527530545
623

600639650
hi

Notice that each of the numbers in line one begins with a "1," those in line two with a
"2," etc. These leading numbers are just identifiers, telling you which line of telemetric
data you are receiving. The actual information is contained in the final two digits of each
number. Stripped of the identifying numbers, the data would be 80, 48, 95, 87, 96,
96, ....

To decode the data refer to Table VI, page 40. There you see that the second number in
the array (48, in the case above) gives information on the current from the + side of the X
solar panel. The right-hand column in Table VI contains the formulas which allow you to
convert the telemetric data to information on current, temperature, etc. Thus, substituting
48 for N in channel 1B gives:

Ix =-1.078N+105.8 = -1.078(48)+105.8 = 54.1milliamps.
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And you have found the current! The procedure is identical for the other parameters; for
example, the "555" transmitted in the data above conveys information on Oscar's +2
panel temperature; for the formula:

T+z = -1.471 (N) + 95.79 = -1.471(55) + 95.79= l4.9°C,

You have the temperature itself.
Now, on to the use and meaning of these numbers.

Questions

1) (All grades) Suppose you tune in on a telemetry transmission in progress. How can
you tell what each number stands for if you haven't received the message from the
beginning HI?

Ans: The first digit of each transmitted number tells what line of telemetric data you are
receiving. For instance, if you receive 373,342,451,407 . . . "' you must have begun with
the third datum in line 3 - the switching regulator voltage.

B. Determining satellite electrical properties (Grades 6 and higher).
It is evident from Table VI that most of the telemetric data deal with the satellite's

electrical components. With the help of Table VI, your students can determine the current
generated by each solar panel, voltage at the battery and at other points, and the power of
Oscar's translator and beacon.

The formulae in Table VI allow decoding of each item from the telemetry.

Questions

1) (All grades) From the data listed on page 57, calculate:

answers:

+X solar panel current
-X solar panel current
+Y solar panel current
- Y solar panel current
+Z solar panel current
-Z solar panel current
battery charge current
unregulated bus voltage
1/2 battery voltage
switching regulator voltage
translator PA emitter current
transmitter switching reg. voltage
instrument switching reg. current
translator rf power
beacon rf power
translator agc voltage

coded data
48
95
87
96
96
58
45
63
73
67
27
30
45
23

PO
39

calculated value
54.056 mA
2.51 mA
24.12 mA
3.42 mA
4.2mA
164.7 mA
-50 mA
23.36 volts
11.75 volts
9.85 volts
135 mA
9 volts
30.85 mA
529 mW
0.00 mW
1.17 volts

C. Taking Oscar's temperature (Grades 6 and higher).

Oscar 6's temperature is measured in six places: on one side of each solar panel, on the
, baseplate, the battery, and the translator power amplifier.

The data come in channels 3D through SA in the telemetry format. To translate the
signals into temperatures, the same relation holds for all six temperature measurements:

Temp (DC) = 95.79 - 1.471 N
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The Marse Code Telemetry System

Chan. Parameter UnitParameter Range

lA

total array CUffentI (mA)o to 500 mA
IB

+X solar panel CUff.I (mA)o to 100 mA
lC

- X solar panel CUff.I (mA)o to 100 mA
ID

+Y solar panel curr.I (mA)o to 200 mA

Transmitted
Format
(Read left
to right)

lA lB lC ID
2A 2B 2C ID
3A 3B 3C 3D
4A4B 4C 4D
5A 5B 5C 5D
6A 6B 6C 6D

Table VI Oscar Data Tr.ansmitted By

Final Calibration Data
N = Value telemetered (omit
first digit which identifies
the data line number)

N = 80 calibration

f+x = -1.078 N + 105.8 (mA)
Lx = -1,102 N + 107.2 (mA)
f+y = -2.240N + 219.0 (mA)

2A
2B
2C
2D

- Y solar panel curr.
+Z solar panel curr.
-Z solar panel curr.
bat. charge or dis
charge current

I (mA)
I (mA)
I (mA)
I (mA)

o to 194 mA
o to 370 mA
o to 370 mA
-500 to +500 mA

Ly = -2.105 N + 205.5 (mA)
f+z = -4.300 N + 417.0 (mA)Lz = -4.100 N + 402.5 (mA)
fBAT = 1O.00N -500 (mA)

3A
3B
3C
3D

unregulated bus. vtge. V
Y2 battery voltage V
switching reg. vtge. V
battery temp. ° C

12.4 to 30 V
o to 15 V
o to 15 V
-30 to +50°C

VBUS = 0.174N+ 12.4 (volts)
VI;' BAT = 0.161 N (volts)
VSR = 0.147 N (volts)
TBAT =-1.471N+95.79 (OC)

4A baseplate temp. °C-30 to +50°CTBP = -1.471 N+ 95.79 (OC)
4B

translator PA °C-30 to +50°CTpA =-1.471N+95.79(°C)
temp. 4C

+X panel temp. °C-30 to +50°CT+x = -1.471 N + 95.79 (OC)
4D

+Y panel temp. °C-30 to +50° CT+y =-1.471N+95.79(OC)

5A

+Z panel temp. °C-30 to +50°CT+z =-1.471N+95.79COC)
5B

translator PA I (mA)o to 500 mAfpz = 5.00 N (mA)
emitter current 5e

transl Sw. reg. vtge.Vo to 30 V VT.S.R.= 0.30 N (volts)
5D

inst. Sw. reg. curr.I (mA)3.8 to 63.8 mAfr.S.R. = 0.601 N + 3.80 (mA)

6A

translator rf mWo to POUT = 1.0 (Nf (mW)
power

10,000 mW
6B

b(!acon rf mWo to 1000 mWPOUT = 0.10 (N)2 (mW)
power (435.1 MHz) 6C

translator age vtge.Vo to 3 V VAGe = 0.03 N (volts)
6D

mid range cal. Vo to 1 V N = 50 counts ± I
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This relation is shown in graph form in Fig. 14.
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Fig. 14 - Temperature-telemetry graph for Oscar 6.

The spacecraft temperatures depend primarily on its recent exposure to sunlight. Thus they
represent a kind of sum of sunlight collected over recent orbits.

Questions

I) (All grades) From the data listed on page 38, calculate:

battery temp
baseplate temp
translator PA temp
+X panel temp
+Y panel temp
+Z panel temp

Ans: 44
51
36
51
52
55

31.10 C
20.80 C
42.80 C
20.80 C
19.3°C
14.90 C

2) (Grades 10-12) How accurate are the temperatures you calculate from Oscar's coded
telemetric data? What is the smallest variation in temperature which the data can faithfully
represent?

Ans: The smallest coded data variation is a single digit: i.e. 51, 52, etc. 51.2 cannot be
transmitted.

Thus, a coded value of 51 means a temperature of 20.80 C, while a coded value of 52
means a temperature of 19.30 C. The difference between these figures is 1.50 C. Thus each
coded datum represents a range of 1.50 centigrade.
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D. Is Oscar in day or night? (Grades 6 and higher).

This is probably the simplest message of the telemetry. Since Oscar ranges from day to
night and back again every orbit, the question is not a trivial one. To see if Oscar is in the
dark, your students examine channels 1B, C, D and 2A, B, C. These channels give the
currents generated by the solar cells. If the currents are all near zero, Oscar is in the dark.
Isn't that simple? As your students copy the telemetry, they may find that suddenly the
currents increase: Oscar has come from behind the earth's shadow.

Oscar was in the sunlight when it transmitted the message on page 38; three of the six
current data (1 B, D, and 2C) indicate significant amperage. The other three panels give very
small currents (1 to 5 mA).

Your students should realize that no more than three of the six panels can be in sunlight
at anyone time. If the sun shines on the +X panel, for instance, it cannot be shining on the
-X panel at the same time. Answering this day or night question is especially interesting
near winter and summer solstice, when your students may "find" polar night or the
midnight sun. Note that the latitude at which Oscar enters the sunlight will change with
season of the year, and it is an interesting experiment to determine the satellite's position
when entering sunlight each day and plotting the change from week to week.

Questions

1) (All grades) How many of Oscar's 'six panels may be struck by sunlight at anyone
time.

Ans: 0 if the satellite is on the dark side of the earth; and 1, 2 or 3 if Oscar is in the sun.

2) (All grades) Make up some typical telemetric current data for Oscar 6 when it is in
earth's shadow.

Ans: 180,196,195,196
296, 296, 297 ... (all of the current data are in the mid- to upper-90's).

3) (All grades) How can you hear Oscar 6 telling you it is in the dark, when you are in
daylight?

Ans: You can receive signals from Oscar 6 even though it is thousands of miles away
from you. Especially in the winter months, Oscar 6 may transmit to you from the polar
night, before it passes your station.

E. Determination of Oscar's attitude with respect to the sun (Grades 10-12).

This activity is possible only when Oscar is in daylight, as it relies on the current
generated by the solar cells. Each solar panel generates an amperage proportional to the
amount of sunlight incident upon it. When Oscar is in the sun, only the angle of each panel
with respect to the sun affects the current, so the current is a clue for finding satellite
attitude.

Your students may find Oscar's approximate orientation very quickly. Looking at the
panel current data, channels 1B through 2C, they observe that, at most, three of the six
panels are absorbing sunlight. Observing which of the panels are sunstruck gives the sun's
position to the nearest octant (eighth of the globe). Thus, if the +X, +Y, and +2 panels are
the ones with appreciable current, the sun must be in octant 1 (see Fig. 15 and Table VII).

Table VII - Sun·s Octant Implied By Solar Panel Current Generation

Octant Solar PanelOctantSolar Panel

X

YZ 4++
1

+++ 5++
2

++ 6+
3

+7
8

+
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Fig, 15 - Coordinate views of Oscar from the side, and from above, showing octant numbers. Dotted
numbers (5-8) are for those octants where Z is negative.

More on satell ite attitude for 12th graders.

To find the satellite's orientation more exactly, further work is required, as follows:
The solar beam, S, (2 calories per cm2 per minute) strikes each solar panel at some angle

(D, E, F in Fig. 16). If the beam strikes one panel normally, the intensity will be 2
cal/cm2/min. Usually the beam is not perpendicular, and the intensity per cm2 is less. The
effect is the same as the difference in solar energy striking a unit area of the earth at the
equator versus that striking the pole. The loss of intensity can be found by multiplying the
normal amount by the cosine of the beam's deviation from perpendicular. Thus, the actual
amperage generated on the +X panel,Ix (channel IB), will be equal to:

I = I x cos Dx x m ax

where Ix m ax is the output with sun perpendicular. A glance at the telemetry will tell you
whether the +X or -X panel is sunli 1. Similarly,

By finding the angles D, E and F you can determine the satellite's orientation rather
accurately. Rearranging the expressions above gives:

E = arccos (!y IIy m ax )

F = arc cos (I 11 )z z m ax

The Ix, Iy, Iz are the telemetered data on channels IB through 2e. To find the
maximum expected (normal) amperages Imax' the best procedure is to plot amperages for
each solar panel for a number of recent passes. The highest current you find for each panel
may be taken as Im ax' An example: For the data on page 38, the sun is seen to be striking
the +X, + Y, and -2 solar panels. The sun, therefore, was in octant 5 with respect to Oscar.
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Translating the telemetry to amperages gives 54, 24 and 165 milliamps for the three
panels. Maximum currents for these panels at the time were 75, 104 and 244 mA.
Using these values and the expressions above gives:

D = arccos (54/75) = arccos (.72) = 44°

E = arccos(24/l04) = arccos (.231) = 76.6°

F = arccos (165/244) = arccos (.674) = 47.6°

hence the orientation of the solar panels is specified (see Fig. 15) by the three angles D, E,
P.

It is a relatively simple matter to convert this directional information into angles
measured in each coordinate plane (e.g., the x-y plane) from the nearest axis to the solar
direction (see Fig. 17). Define the length OS to be K (an arbitrary choice of scale), and call
the components in the x, y, z directions of the incoming beam I, m, and n. These lengths [,
m, n are just Ix/Ix m ax' Iy/ly III ax' Iz/Iz m ax· In the example above, then 1 = .72, m =
.231, n = .674.

z

X-PANEL

SOLAR. BEAM, S

SOLAR BEAM ORIENTATION WITH
RESPECT TO IN-PLANE

DIRECTION ANGLES

z

SATELLITE ORIENTATION ANGLES X
x

Y - PANEL

Fig. 16

Z-PANEL

y

With this and Fig. 17 you can see that:

tan A = n/m, tan B = n/ I, tan C = m/I

Thus, A = arctan (.674/.231)= arctan (2.92) = 71.1 0; similarly, B = 43.1 0, and C = 17.8°. (B
is negative, actually, to place it in the proper octant, the 5th).
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Questions

1) (Grades 10-12) What would be Oscar 6's attitude with respect to the sun if the+X
and +Y panels were illuminated, but neither Z-panel?

Ans: For only X and Y to be sunstruck, the satellite must be oriented with its panels
parallel to the beam. Thus the sun is on the dividing line between Octants 1 and 5.

2) (Grades 10-12) Suppose only the -Z panel showed any significant current. What is
the sun's orientation from Oscar 6?

Ans: Along the -Z axis.

3) (Grades 10-12) In order for Oscar 6 to generate maximum total current from its
photocells, which panel or panels should be most illuminated?

Ans: The Z panels. They cover the most area, and can generate the most current.

4) (Grade 12) Suppose that the past week you have observed maximum currents of 80,
150 and 250 mA for +X, +Y, and +Z panels, respectively. You copy the telemetry for
another orbit, and receive, the following data

180, 196, 161, 175
297,251,296,273

A. In what octant is the sun?
B. At what angle does the sun strike each panel?
C. What angle is the solar beam in-plane from each of the satellite's (X, Y, Z) areas?

Ans:

A. Octant 2

B. D = arccos (40/80) = arccos (.5) = 60" from vertical for the -X panel
E = arccos(51/150) = arccos (.34)= 70.1° from vertical forthe+Y panel
F = arccos (198/250) = arccos (.792) = 37.6° from vertical for the Z panel

C. I .50

A = arc tan (.792/.34) = arctan (2.33) = 66.8°
B = arctan (.792/.50) = arctan (1.584) = 57.7°
C = arctan (.34/.50) = arctan (.68) = 34.2c

F. Is Oscar tumbling? (Grades 9-12).

A satellite may not keep a constant orientation in space; instead, it may be rotating on
one or more of its axes. Oscar is no exception. Although eventually Oscar's magnetic
stabilization system will eliminate almost all of ifs rotation or pendulum-like swinging, the
tumbling can be observed, especially in the early weeks of a satellite's lifetime in orbit.

Your students may determine tumbling quite simply. Plot a string of telemetric data on
graph paper, and tumbling will appear as a series of waves in the magnitude of the parameter
plotted. Because they respond so quickly to Oscar's orientation, it's best to plot the, solar
panel currents.

A sample from orbit 17 of Oscar is shown in Fig. 18.
(The - Y solar panel was not operating at this time). You can see that the X panel current
varied full cycle about once every two data transmissions; i.e., about once every 2-3
minutes. What does this mean? Oscar must have been tumbling at that rate about its Yor 2
axis! (Rotating about the X axis would not change the X panel's exposure to the sunlight).
See Fig. 19. The 2 panel data, also plotted in Fig. 18 show constant exposure on the -2
panel. Thus, Oscar must not have been tumbling about its Y-axis or X-axis. Together, then, the
X and Z panel data tell us that:

1) Oscar is tumbling at 0.33 to 0.5 rpm about either the Y or 2 axis.
2) Oscar is not tumbling about either its X or Yaxis.

The inescapable conclusion, therefore, is that Oscar is rotating about its 2 axis, at about 0.33
to 0.5 rpm (once every 2-3 minutes).
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As mentioned above, the tumbling rate cannot be expected to remain constant. As your
students determine the rate from week to week, they will probably observe it to decrease.

For those students who have found Oscar's orientation with respect to the sun, it is best
to graph the orientation angles D, E, F or A, B, C, in studying tumbling rates. With angles as
data, the students may find Oscar's tumbling rate with much greater accuracy.

z

Fig. 19 - The satellite, its solar panels,
and rotation axes.

y

x
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Questions

1) (Grades 9-12) Will Oscar 6 tumble at the same rate indefinitely.

Ans: No. Oscar 6 has a stabilization system which will dampen its rotation, finally
virtually eliminating all rotation.

2) (Grades 9-12) Why does the Z-panel in Fig. 18 show much more extreme values than
the X-panel?

Ans: The Z-panels are larger, and therefore indicate bigger amperage variations due to
tumbling.

G. Energy Flow, and Oscar's reflectivity (Grades 11 and 12).

Oscar is a miniature planet, isolated in the void of a near-perfect vacuum. Through this
vacuum, energy can reach and depart Oscar in only one form: as radiation. Your physics
students kl}ow that energy can be neither created nor destroyed, and Oscar demonstrates

this con~ervation law very nicely.Students may tally lap Oscar's radiant energy gains (incoming sunlight) and see how
clearly they match the energy loss (reflected sunlight, infrared radiation, and radio
frequency transmissions). The data are rather too incomplete to obtain hard and fast
conclusions, but some interesting estimates may be made.

a. Radio frequency power out appears in channel 6A for Oscar 6. Typical values are on
the order of 0.5 watts, which is about 7 calories per minute. This is an energy loss, which
must be balanced if Oscar is to remain in operation.

b. Oscar gives off infrared radiation. From radiation theory, an object's rate of radiation

emission is equal to: E = ac(T+273.2)4 ,

where

and

a = 8.132 x 10-11, (the Stefan-Boltzmann constant)

c = the emissivity of the object (from 0 to 1)

T = the temperature (" C).

The energy E, in this expression, is given in calories/cm2·/min. With the telemetric data, your
students have a temperature to use in the expression above. For average conditions, it is best
to use an average temperature; the baseplate temperature (channel 4A) changes rather little
from minute to minute, and probably represents a reasonable figure to work with.

The emissivity of Oscar's surface, c, is probably the greatest uncertainty. From Sellers5,
a value of 50% seems appropriate. Then,

E = .5 x 8.132 x 10-11 (T + 273.2)4 cal/cm2 min

The data on page 38 gives a baseplate temperature of 20.8 C, which yields a radiation of
.304 call cm2 Imin. Thus, every square centimeter of the spacecraft's surface is radiating heat
to space at that rate. Considering Oscar's dimensions, we find that the satellite was losing
240 calories per minute through infrared radiation.

c. Incoming sunlight gives Oscar its sole source of energy. On the average, Oscar 6
intercepts about 200 cm2 of solar energy beam, when it is in the sunlight.

Of course, Oscar is not in the sunlight all the time. For large parts of its orbit, it is in the
earth's shadow (Fig. 19). Oscar 6 is in the shadow approximately 20% of the time, so only
80% of each orbit is used for energy-gathering.

5Sellers, W. Physical Climatology, University of Chicago Press, Chicago, 1965, p. 41.
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Multiplying the solar constant (2 cal/cm2/min) by Oscar's 200 cm2 cross-section, and
that product by 80% of the minutes Oscar is in the sun results in an estimate of 320 calories
impinging on Oscar per minute.

d. The only other energy exchange is reflection of a portion of the incoming solar beam.
This must be large enough so that absorbed sunlight equals infrared radiation plus
radio-frequency output energy.

OSCAR

SUNLIGHT

OSCAR
IN

NIGHT
FOR
THIS
ARC

Fig. 20 - A satellite's ex
posure time to sunlight.

Thus,
Absorbed sunlight = Incoming - reflected sunlight

= Infrared + Radio frequency energy

From the information on the previous page,

Absorbed sunlight = 320 - reflected sun = 240 + 7 = 247 cal/min.

So 73 calories of sunlight must be reflected each minute, or about 23% of the incoming
sunlight.

Students can make these calculations for a variety of conditions, including different
baseplate temperature data, different assumed emissivities, and different solar reflectivities.

Questions

1) (Grades 11-12) What would happen to Oscar's temperature if its reflectivity increased
from 18% to 36% (Le., if it doubled)?

Ans: 33 more calories would be reflected each minute. This would give the satellite 33
fewer calories to work with. It would reduce the amount of radiant energy available, and
lower the satellite's temperature.

2) (Grades 11-12) Suppose the surface of Oscar 6 were made perfectly reflective to
sunlight and infra-red radiation. What would happen?

Ans: Since Oscar's "environment" is a vacuum, only radiation can serve as an energy
source. With no energy absorbed, the satellite would cease to operate (no current), and
would fall to a temperature of absolute zero (if perfectly reflective, in a perfect vacuum)

H. Satellite electrical efficiency (Grades 9 - 12)

From channels 3A, 5B and 6A, students may evaluate the satellite's efficiency.
Efficiency is defined as power output/power input. Power output, for Oscar 6, is
represented by channel 6A. For the data on page 38, the power was 0.529 watts.

Your students can find power input by multiplying the power amplifier current by the
battery voltage (channels 5B, 3A). Again, for the example above, I = .135 amps, V = 23.4
volts, and power input = I x V = 3.15 watts. Oscar's efficiency, at that time at least, was
.529/3.15 = 17%.
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This efficiency figure is that from battery to transmitter only. Considering the entire
system, we can compare power output with solar energy absorbed. From the previous
activity, we found that Oscar was absorbing 247 calories per minute. That is the same as
17.2 watts (l watt = 14.33 cal/min.).

Thus, the satellite's overall efficiency is

.529wattsout/17.2wattsin=3.l%

It is evident that most of the solar energy Oscar absorbs is lost to space through reradiation
as heat. Only 3% returns to earth and/or space as radio transmission.

Questions

1) (Grades 9-12) How might you improve Oscar 6's overall efficiency?
Ans: by covering the entire satellite surface with solar cells.

2) (Grades 9-12) Define "efficiency."
Ans: Efficiency is power output divided by power input.

3) (Grades 9-12) Suppose you wanted Oscar to operate with an output power of 1 watt.
With an efficiency of 17%, how much power must Oscar generate?

Ans: 17% = output = 1 , or input is about 5.88 watts.
input input
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Appendix A

Useful constants, formulae, conversiom

Mass of earth m = 5.975 x 1024 kg
Constant of gravitation G = 6.673 x 10- 11 Newton m2/kg2

Speed of light c = 2.998 X 108 m/sec
Mean radius of earth 6371 km = 3960 mi.
Mass of Oscar 6 ~ 18.16 kg
Mean altitude of Oscar 6 = 1450 km

Conversion factors

Length:
1 N. mi. = 1.853 km = 1.1516 st. mi
1 Km = .6214 st. mi. = .5396 n. mi.

Weight:
1 lb = .454 Kg.
1 Kg = 2.205 1b

Velocity:
1 m/s = 1.94 Kts. = 2.24 mph

= 3.28 ft/sec = 3.60 km/hr

1 Km/hr = .2778 m/s
= .5396 Kts
= .6214 mi/hr
= .9 113 ft/sec

1 Mph = .8684 Kts
= 1.4667 ft/sec
= .4470 m/sec
= 1.6093 km/hr

Power:
1 ca1/min = .069758 wat.ts
1 watt = 14.33527 calories/min.

1 ft = .3048 m
1 m = 3.281 ft.

1 Kt = 1.1 5 16 mi/hr
= 1.6890 ft/sec
= .5148 m/sec

f' = 1.853 km/hr

1 ft/sec = .5921 Kt
= .6818 mph
= .3048 m/sec
= 1.0973 km/hr

Appendix B

Equipment Recommended for Classroom Use with Oscar 6

A considerable number of experiments and activities are possible even when the ability
to transmit to the Oscar satellite is not available. A receive only ground station will permit
full utilization of the satellite's telemetry system. This is the system which monitors the
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satellite's "health" and sends back the data to the ground in a coded form. Voltages,
currents, and temperatures at vital spots are continuously checked so that the control
stations located around the world can take corrective measures to protect any part of Oscar
that deviates from a safe operating condition. Activities based on the telemetry system and
other signals transmitted from the satellite will be found in Section B. IV. of this guide. It is
also good to point out that no radio license is necessary to set up a receive only station.

The most important and costly piece of equipment in a receive only station is, of course,
the receiver itself. It should be a good quality unit capable of covering the frequency on
which the satellite will be transmitting. Because the satellite operates in the international
amateur bands, a receiver designed for amateur use is probably the best choice for
economy, availability and selectivity.

The satellite transmits between 29.38 and 29.62 MHz. These frequencies fall in the
amateur ten-meter band range. Most of the users of the satellite are found between 29.45
and 29.55 MHz because the satellite's receiver is most sensitive in the part of the up-link
frequency band that corresponds to these frequencies. A complete description of the
satellite's various features follows in Appendix D of this manual.

Your receiver will require an antenna of some type to pick up Oscar's signals. This can be
a simple wire antenna that will be quite usable under normal conditions if local industrial
and traffic electrical noise are not severe, or one of the more elaborate Yagi-type (beam)
antennas favored by amateurs may be used to allow more distant reception.

..".~. --..----

-----BG 59/U COAXIALCABLE
(NOT LONGER THAN 100 FT.)

COPPER WIRE
'6 FT·-------

LENGTH

RECEIVER

j

~ /
INSULATORS

I,

-f~'l'·~I-

.-

A simple Oscar receiving system.

Yagi antennas are available from many manufacturers or may be constructed from plans
in The Radio Amateur's Handbook or the ARRL Antenna Handbook, as well as in other
publications on the subject. This type of antenna is directional and is best mounted on a
pole or tower with a rotating device provided. Electric antenna rotators are commonly
available from TV stores and repair shops. A wire must be run from the receiver to the
antenna. A shielded type cable.is the simplest to use. Usually type RG-8 or RG-58 is
preferred. Wllenca.ble lengths over 50 feet are required type RG-8 is better since this heavier
cable has 10werI.6sses and delivers stronger signals to the receiver. This is all that is essential
for satellite reception, but it is useful to have a tape recorder available to record the signals
for later study.

It is pointed out that many fine receivers may be found on the used equipment market
at considerable savings over comparable new equipment. Several companies market kits that
can be assembled by persons with little or no experience. These not only make possible
better equipment than the same amount of money could buy factory assembled, but are a
valuable learning experience. in themselves. Used or kit receivers should be carefully checked
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to assure they are operating properly before attempting satellite reception. Generally,
inexpensive home entertainment type shortwave receivers do not have adequate gain or
selectivity for satellite use and represent a poor investment for this purpose.

To insure good reception of satellite telemetry and other information it will be a good
idea to provide for reception on the spacecraft's 435.1 MHz beacon transmitter. * This will
allow generally interference-free signals independent of the ten-meter transmitter. The only
additional equipment required for this will be an antenna and cable for the 435 MHz
frequency and a frequency converter between the antenna cable and your regular receiver.
The converter will change the 435.1 MHz frequency to one within the tuning range of your
receiver. It may be ordered from any of several companies or constructed from published
plans. Simply decide what band on your receiver you want to utilize and order or build the
converter for that frequency range.

Your antenna for 435.1 MHz should be of the Yagi type and may be mounted along
with the ten-meter antenna on a common support. This may be an antenna tower or a
roof-top type of mounting similar to the way television antennas are installed. Whenever
directional types of antennas are employed you must provide some method of turning them
to point toward the signal souroe you are attempting to hear. This can be done by hand
using ropes and pulleys, or you may elect to use one of the electric antenna rotators like the
ones manufactured for television antenna installations. If large heavy antenna systems are to
be used or if you are in a part of the country subject to high winds and/or ice storms, a
heavy-duty type rotator should be selected. Publications with detailed instructions regarding
installation of antenna systems may be found in many libraries and radio parts stores.

There are many things that can be done to a receive station to enhance it and improve
performance. One thing to keep in mind always is that any antenna lead-in cable is a source
of signal loss and that among other things the loss increases with length of the cable and this
situation gets worse as you go up in frequency. The obvious conclusion is that it is wise to
minimize cable lengths and this should be kept in mind when selecting antenna and station
locations. Signal losses can be compensated for with the use of preamplifiers. These small
devices can be installed at the point where the antenna is connected to its feed line. They, as
their name implies, amplify the signal received by the antenna many times before feed line
losses can rob you of your signal strength. Modern preamplifiers are all transistorized and
use so little electric power that they often can be operated continuously from batteries for
long periods of time. As with nearly everything in ham radio, they may be purchased or
built from parts. Preamplifiers are relatively simple circuits and are easily and quickly built
at home.

Appendix C

Transmitting Through Oscar 6

An amateur radio license is absolutely required to transmit to the Oscar satellite. This
license is issued by the Federal Communications Commission in the United States or by the
appropriate Government agency in other countries. The penalty for transmitting without a
license is severe, and the teacher should exercise caution in this regard. (The Novice Class
license is not adequate for use with Oscar.)

Oscar was designed to be a communications satellite that extends the usual range of very
high frequency radio signals. The 900 mile height of the satellite above the earth makes it
possible for two amateur stations up to 5,000 miles apart to talk to each other on
frequencies normally usable over a few hundred mile range at best.

The only additional equipment you will have to add to a receive-only station is a
two-meter amateur transmitter and a suitable antenna.

* The Oscar 6 435.1 MHz beacon is no longer operating, but a similar beacon is planned for Oscar 7.
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High power in the transmitter is not desirable since the sensitive receiver on board Oscar
can be overloaded by excessively strong signals and that will hamper communications for all
the users. About 100 watts effective radiated power is all that is needed for solid
communications. The two-meter antenna should be rotatable in azimuth (compass
direction) and it is useful to be able to tilt it in elevation as well. Rotation of antennas in
elevation is often difficult to accomplish and a good compromise is to install the antenna
tilted up at about a 30 degree fixed angle to the horizon. Suitable two-meter antennas are
available from many manufacturers or may be homemade from plans published in American
Radio Relay League publications such as the Radio Amateur's Handbook, or VHF Manual.

Effective radiated power (erp) is transmitted output power in watts multiplied by
antenna gain in pure units. For example, a lO-watt transmitter connected to a times 10 gain
antenna = 100 watts erp.

The transmitter used may be one of many types available that will tune the frequency
segment from 145.9 through 146.0 MHz. Several manufacturers make amateur equipment
for these frequencies in the needed power range. The military surplus market is also an
inexpensive source of supply. Many companies that deal in commercial two-way radio
equipment have, or can. get, used fm transmitter strips that can be modified for use.
Remember that the most dependable mode of radio communication is Morse Code, (cw)
and that transmitters capable of cw are usually the least expensive type. If you want voice
(phone) communication capability the recommended type is single sideband (ssb). There are
a few ssb transmitters available for the two-meter band, but often the best course is to add a
transmitting converter (transverter) to an existing high-frequency (hf) amateur ssb
transmitter. As with just about everything in amateur radio both the transmitter and
transverter can be homemade from plans in the above-mentioned ARRL publications.

Because anyone using an amateur transmitter must be a licensed amateur and therefore
knowledgeable in the use of such equipment, we will not devote space here to the normal
methods and practices of tuning and using amateur transmitting equipment. There are a few
special features about communicating with the Oscar satellite that may be new to some
hams. One is the fact that it will be necessary to periodically rotate the antenna to keep it
pointed in the general direction of our constantly moving satellite. Making small corrections
every few minutes will usually be sufficient. A big help in Oscar communications is that you
will be able to hear your own signal coming back from the satellite while you are
transmitting! This is due to the big frequency difference between the transmitted signal
(145.95 MHz) and the repeated signal coming back down (29.50 MHz). Since you can hear
your own signal, you always know if you are getting through and if you may be too close to
and possibly interfering with another station.

Communicating through a satellite is an exciting and rewarding accomplishment. Your
success will depend on your operating skill and maintaining your equipment in good order.

Appendix 0

Satellite Systems

The Oscar 6 satellite contains an assortment of onboard electronic systems, each of
which serve specific functions. Some of the systems are for control of the satellite and as
such are of interest only to the design engineers on the project. Others are of interest to
users of the spacecraft and it is at these that we will now take a closer look.

The Communications Translator

The communications translator is probably the system most utilized on the spacecraft.
Many users will get to work with only this system. It can be considered in two parts: the
two-meter receiver and the ten-meter transmitter.
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The receiver has the same function as any radio receiver you may be familiar with,
except that it must operate unattended. No one is on board the spacecraft to tune in
stations or to adjust the volume (sensitivity). A satellite receiver for translator use should be
capable of.hearing more than one station at a time, otherwise very few stations would get a
chance to use it. Since it can't be tuned from station to station, it must be designed to listen
to a fairly wide band of frequencies all the time. From a user's standpoint, the broader the
band the better; however other factors such as available power and noise interference limit
the practical bandwidth that can be used.

The two-meter receiver on Oscar 6, and planned for future satellites in the Oscar series,
has a usable bandwidth of 240 kHz. The sensitivity of the receiver is not uniform across the
entire 240 kHz, but tends to drop off at its extremities.

This roll-off in sensitivity can be used to help equalize the strength of stations in the
passband. Weaker, low power stations should use the section of the passband between
145.900 and 146.000 MHz. Stations having more powerful transmitters should stay below
145.900 or above 146.000 to give weaker stations an equal chance. (For our purposes,
weaker stations are ones with transmitters below 100 watts output). With intelligent and
cooperative use many stations caq talk through the satellite at the same time.

The receiver also has an automatic gain control circuit (AGC) to help equalize signals of
different strengths received at the receiver input. The translator retransmits anything the
receiver hears back to the ground. It will accept any mode of communication normally used
in amateur radio in the two-meter band, e.g., Morse code (cw), amplitude modulation (a-m),
single sideband (ssb); teletype (TTY), and slow-scan television (SSTV). The transmission
band is centeredon 29.500 MHz.

Because of the different frequency bands in use for the satellite you should be able to
hear signals from the spacecraft even when you are transmitting to it. This is especially
useful with the translator since it allows you to monitor your own signal while you are
sending and ensures that you are communicating through the translator and not interfering
with others in the passband. There are also preferred modes of communication through the
translator. Although any of the many modes listed previously are possible, some are
superior. Morse code is most efficient. It is the most easily recognizable and readable under
weak or adverse signal conditions. It occupies less space in the passband, thus allowing more
stations to use the satellite at one time. Finally, it uses less electric power from the
spacecraft battery, and will help prolong the life of the satellite. The best mode for voice
transmission is single sideband (ssb). It uses less passband space than other voice modes, is
more intelligible, and uses less battery power. Amplitude modulation and, particularly,
frequency modulation are very inefficient modes for this type of satellite communication,
and should be avoided.

The 435.1 MHz Beacon

The 435.1 MHz beacon transmitter is used to send telemetry data and Codestore (Morse
code recorded messages) back to earth from the satellite. These same data are also sent out
on 29.45 MHz in the ten-meter band, but are sometimes not readable because of strong
signals in the translator pass band' having a suppression effect. The 435.1 MHz beacon is
under ground control by Oscar tracking and command stations in various parts of the
world, and, like other parts of the satellite, is turned on and off as needed. It should be
noted that because its frequency is much higher than the translator frequency it is more
affected by Doppler shift and may be harder to locate in your receiver. The total Doppler
shift can be as great as 17kHz, on a nearby pass. The Oscar 6 beacon ceased operation on
January 9, 1973, but a similar beacon is planned for Oscar 7.

Telemetry Systems

Oscar 6 has a 24-channel telemetry system that monitors conditions on board the
spacecraft. Each temperature, voltage, or current monitored is converted to a number in
Morse code, that can be transmitted to ground stations in sequence. The sequence is
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arranged in six rows of four individual measurements. The measurements consist of three
digits each, the first digit of each being the line number of that sequence. The words "hi"
sent in Morse code indicate the start and finish of each complete sequence or "frame." A
sample frame might look like this:

A B CD
hi

180 196 195196
296

298 296245
365

373 368341
442

438 447448
548

500 500544
600

600 600650hi

The second and third digits of each measurement can be converted to actual
temperature, voltage, or current values by substituting them into the appropriate calibration
equation, multiplying the'm by the calibration factor for each and, in some cases, including
the specified constant. For example, measurement 3A is the spacecraft battery voltage. The
second and third digits are, in our sample frame, 65. To find the voltage, this must be
multiplied by .174 and then the constant 12.4 added to the product:

65 x .174 = 11.31 + 12.4 = 23.71 volts

Conversions for each channel can be found in Table VI, on page 40.
Future Oscars now being built will carry even more extensive telemetry systems to keep

watch on their more complex electronic systems. It should be pointed out that each channel
is transmitted at the time it is measured, with virtually no delay, so the readings received are
in "real time."

Codestore

Expanded communications range and flexibility are provided for in Oscar with a system
called Codestore. With the Codestore system a suitably equipped command station can send
a Morse code message to a memory storage unit on board the satellite. A message once
stored will remain in storage until replaced by a new message. The stored message is
transmitted over and over on the beacon frequency of 29.450 MHz alternating with the
telemetry data at approximately 14-minute intervals. Information stored may be orbital
data to aid users in tracking the satellite, scheduling notices to advise users when the satellite
will be turned off to recharge, or perhaps vital messages to assist in emergency
communications in disaster areas following storms, earthquakes, etc. Codestore may also be
commanded to modulate the 435.1 MHz beacon when necessary.

The Spacecraft Power Supply

The power system for the spacecraft has a nickel-cadmium battery that is kept charged
by the sun's energy striking solar cells, which cover about half of Oscar's exterior surfaces.
The voltage of the fully charged battery is nominally over 24 volts. If the current drain on
the battery is greater than what can be replaced by the solar cells, the battery voltage will
drop. This can occur when the satellite's transmitters are in heavy use and/or when the
spacecraft is in the earth's shadow (nightside) and cannot receive solar energy.

Nickel-cadmium batteries and solar cells will degrade with time and use, so eventually it
will become increasingly difficult to maintain a positive power budget. Recharge periods will
become longer until Oscar is no longer a useful satellite. When this occurs, or, if possible,
before it occurs a new Oscar will be launched to carry on the mission of the Oscar series.
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Appendix E

Elementary and Secondary Pre-Post Tests

Oscar Curriculum

Pre-Test - Elementary Level

1) For a satellite to "stay up" in space, which factors must help it do so. Circle the
answer which you think is correct.

A. Rocket motors
B. Gravity
C. Astronauts
D. Gravity and forward movement

Ans: D

2) If you were going around the earth in a space ship in orbit and you got out, with a
space suit on of course, what would likely happen?

A. You will fall to the earth's surface.
B. Your space ship would move far away leaving you stranded in space.
C. You would "float" alone in space.
D. You would move along with the space ship.

Ans: D

3) How would you describe a radio wave?

A. You can hear radio waves with just your ears.
B. Radio waves are like light waves and travel in a wavelike pattern.
C. Radio waves travel so fast you can't see them unless you have binoculars.
D. Radio waves are made by radio sets like in your home.

Ans: B

4) How would you describe a man-made satellite?

5) For what reason do some satellites stay in orbit for only a few years instead of
forever?

A. They get tired of travelling around earth every 90 minutes.
B. They run out of fuel and can't keep going.
C. The satellite keeps passing through parts of the upper atmosphere making it slow

down and causing it to be destroyed as it falls toward earth.
Ans: C

6) If a satellite moves over the equator during all of its orbit it is called an equatorial
orbit. What would it be called if the satellite always passes over the North Pole?

Ans: Polar orbit

7) If a giant were able to throw a ball fast enough to put it in orbit around earth, where
would be the best place to do it from?

A. On the land
B. On an ocean
C. On a mountain top

Ans: C

8) Suppose a satellite was in polar orbit around earth. If it passed overhead, would it do
so again on the next pass? Explain why or why not.

Oscar Curriculum

Post-Test - Elementary Level

l) Once a satellite has been placed in orbit, only one of the following can cause it to
return to earth: Choose best answer.
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A. Turning its motor off
B. An Astronaut
C. Losing forward motion
D. A radio signal

Ans: C

2) To determine the period of an Oscar satellite, which of the below listed methods did
we use?

A. Radar
B. Telescope sighting
C. Doppler
D. Radio and receiving transmitter

Ans: C
3) If a satellite is 1,000 miles above the earth's surface and somehow were moved to a

5,000 mile distance would it have a slower or faster orbital speed?
Ans: Slower

4) Describe what would happen to a man-made satellite if gravity were to suddenly not
exist.

Ans: Straight-line motion; the satellite would continue out to space.

5) For what reason do we appear to see satellite orbital paths change from one orbit to
the next? For example, a satellite might move from N.E. to S.W. and on the next pass over,
go from N.W. to W.

Ans: Earth rotates beneath a satellite orbit,

6) An equatorial orbit means:

A. A satellite orbit which crosses the equator
R An orbit which is equal in all directions
C. An orbit which is directly above the earth's equator

Ans: C

7) In order to predict when an Oscar satellite will pass near your town or location, one of
the things you must know is its:

A. Direction
B. Size
C. Period
D. Shape

Ans: C

8) Choose the correct answer from the following:
A. Radio waves travel slower than light waves.
B. Sound waves and radio waves are the same because we hear both.
C. Radio waves travel at the same speed qS light waves.

Ans: C

9) In a short paragraph, describe why an Oscar satellite is of value to amateur radio
communications.

Oscar Curriculum

Pre-Test - High School Level

I) What physical factors are responsible for keeping a satellite in orbit?
A. Gravity
B., Rocket propulsion
C. Gravity and inertia
D. Centrifugal force
E. None of these because it is weightless and therefore floats

Ans: C
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2) Satellites move faster or slower around earth because:

A. Of the speed produced by the rocket motors.
B. Of their distance from earth.
C. They go the same speed no matter where they are.
D. Their motion must balance the gravitational force of earth.

Ans: D

3) If a giant man were capable of throwing a ball 18,000 mi/hr, where would he stand to
place it in orbit?

A. On earth's surface
B. Above the earth's surface
Why?

Ans: B

4) If you were assigned to pick a place for launching a satellite, which location on earth
would you choose as the best?

A. North pole
B. South pole
C. Ocean
D. Equator

Ans: D
5) Write a brief description for each of the following:

A. Polar orbit
B. Equatorial orbit
C. Synchronous orbit

6) The Doppler effect which holds true for light, sound, as well as radio waves causes an
apparent change in:

A. Sound waves
B. Wavelength or frequency
C. Speed of waves

Ans: B

7) Calculate the frequency of a radio wave if its wavelength is known to be 2 meters:
Ans: C = A x f f= ciA

= 3.0 x 108 m/sec f = 1.5 X 108 hertz
2m

8) In order to compute the velocity of a satellite which of the following items must be
known?

A. Its size
B. Its shape
C. Its altitude from earth
D. Its direction

Ans: C

9) In a few sentences, describe the difference between an artificial satellite and a natural
one.

10) Once the Doppler method has been used to determine a satellite's periQd, what
otherinformation can be found out about the satellite?

A. Its size
B. Its velocity
C. Brightness from reflected sunlight
D. Telemetry

Ans: B
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Oscar Curriculum

Post-Test - High School Level

1) Suppose a satellite were in orbit 100 miles above Jupiter. Would it have the same
velocity as a satellite in a lOO-mile high orbit above earth? Explain your answer.

2) If two space vehicles were carried into space, one to a ISO-mile altitude and the other
1,500 miles above the surface, which one would need to receive the greatest energy to be
placed into permanent orbital motion?

A. 150 mile one
B. 1,500 mile satellite

Ans: B

3) Which type of orbit would make a satellite appear to remain over the same location
on earth?

A. Polar
B. Equatorial
C. Synchronous
D. Equatorial at 1,000 mi. altitude

Ans: C

4) What are three orbital parameters that Doppler techniques produce for earthbound
observers?

1. _ 2. _ 3. _

Ans: 1, period; 2, slant range; 3, velocity

5) As an Oscar satellite approaches the receiving station, which way does the Doppler
effect change the frequency of the radio signal?

A. Higher frequency
B. Lower frequency
C. No change

Ans: A

6) If a tape were made of an Oscar transmission on board the satellite, how would the
radio signal be expected to change?

A. High-frequency shift
B. Lower-frequency shift
C. Same frequency - no shift

Ans: C

7) Compute the velocity of a satellite if its distance from earth is 600 kilometers and its

period is 90 minutes. V = 211'(R + h) V= 2 x 3.14 (6373 km + 600 km)
Ans: 29,062.2 km/hr PIS h. rs.

V = 6.28 (6941.6 km) 29,200 km/hr
1.5 hrs.

8) What would be the slant range for the above satellite if the maximum rate of change
of the signal frequency is 40 cycles/ sec2 and its transmitter wavelength is 1 meter.

( 29.2 x 106 m) 2
r = ~ = 1-29,200· km/hr)2 r = (29,200 X 103 m) 2 = 3.6 X 103 sec

Atsll) 1 t (40 1 / 2) 3,600 sec 40 meters x cy/sec2\dt me er cyc es sec 1 meter (40 cycles)
sec2

r= (B.iLx 103 m/sec) 2 = 65.79 x 106 m2/sec2
40 m x cy/sec2 40 m x cy/sec2

r = 1.64 x 106 meters = 1.64 x 103 km Ans: 1,640 km
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Appendix F

Evaluation Section

Educators responding will automatically receive any future additions to make this material
useful with new satellites in the Oscar series.

Send to: American Radio Relay League
225 Main Street
Newington, Connecticut 06111
U.S.A.

The authors invite users of the Oscar satellite curriculum to comment on the content,
usability and format of the material presented. We realize that this first edition falls short of
perfection and your comments will weigh heavily in future revisions. Use additional pages if
more space is required for your replies. Thank you!

I. User's name ~ _

Address ~ _

Are you a radio amateur? Call _

Radio equipment and other aids used with this instructional material _

Administrator ~Subject (s) _~~~~_ Teacher Grade (s) _

Other --------------------------------~
Curricula Units actually used in instruction _

Number of students taught by this curriculum? ~ _

During what period of time? _

School _
Address

Station call if applicable _

H. Did you find the curriculum to be useful in your classes?
Did you find the material too easy or too difficult?
Example:

HI. Do you)1ave any suggestions about how to better present concepts now included in the
curriculum? (Please refer to section and page number.)

IV. What additional areas not covered at present would you suggest be added to future
editions?

V. How would you describe the response of your students in terms of their motivation and
learning experience?

VI. Would you have become ·involved in teaching this subject matter if the curriculum had
not been available to you?

VII. What things do you particularly like about the curriculum?
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