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Fig. 1 - Mlcrosat surfaces and solar propeller blades. 

that can be used to determine spacecraft 
motion and attitude. It then reviews the 
initial motion after launch, including the 
surprise handed to us by P A CSA T, and the 
current situation. It concludes with a 
summary of the effect of the motion on 
signals from the spacecraft and some areas 
that need further study to complete our 
understanding. 

Construction Information Related to 
StabilizatIon 

In order to understand the stabiliza­
tion method and the motion of the Micro­
sats, we first have to know a bit about their 
construction. 

The "top" of the Microsats is the + Z 
surface (see Figure 1). This is the one with 
the 2 Meter antenna projecting from the 
center, andisnormally'up' in photographs. 
It is also the surface that is up when the 
spacecraft are mounted on the launcher 
(Note 1). On the opposite side ofthe space­
craft is the -Z surface, the one by which the 
spacecraft were mounted to the launcher. 
A line drawn vertically through the space­
craft, passing through the center of each Z 
surface, is called the Z axis. The sides of the 
spacecraft are named the +X, -X, + Y and-Y 
surfaces. When looking down on the top 
surface (+Z), and arbitrarily assuming the 
+X is at the top of your view, the + Y is on 
the left side, the -X at the bottom, and the 
-Y at the right. Lines drawn through the 
spacecraft and the centers of these surfaces 
are called the X axis and the Y axis. 

There are four magnets mounted par­
allel to the Z axis, one at the comer of the 
spacecraft. In PACSAT, WEBER, and 
DOVE, they are arranged so that their -Z 
end is attracted to the Earth's norih pole, in 
LUSAT they are opposite polarity. 

The downlink antenna blades are 

painted white on one side and black on the 
other. These are canted turnstile antennas 
and are mounted around the edges of the 
-Z surface, centered on each side. On PAC­
SAT, DOVE and WEBER if you are looking 
at the -X side, you see the white side of the 
blade on the left (below the + Y side) and the 
black side of the blade on the right (below 
the -Y side). The blades below the X surfaces 
are oriented similarly. When looking down 
on the +Z, this means that the white sides all 
point in the I counterclockwise' direction. 
On LUSAT, the blade sides are oriented in 
the opposite direction (Note 2). 

There are seven lossy iron rods (hyster­
esis rods) mounted in the bottom of the 
battery module in the XY plane and aligned 
with the X axis. 

A 

Fig. 2 - Nominal tilt within orbit plane. 
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Expected In-OrbIt Stabilization Mode 
The stabilization method used with 

the Microsats is quite simple compared to 
many sophisticated (and expensive) satel­
lites. It has been used with previous AMSAT 
spacecraft, yet continues to be refined. A 
scientifically complete description is beyond 
the scope of this paper. However, this 
section provides an overview that should 
help in understanding the motion of the 
spacecraft. It will be related to expected 
signals in a later section. 

The Earth's magnetic poles are not lo­
cated at the geographic north and south 
poles. The north magnetic pole is actually 
located near the northwest coast of 
Greenland at about 78.8 degrees north and 
70.9 degrees west. The south magnetic pole 
is near the coast of Antarctica at about 150 
degrees east. 

The lines of force of the earih's magnetic 
field are nearly perpendicular to the surface 
of the Earth, except between about plus and 
minus 30 degrees of the magnetic equator 

TABLE 1-0ff.etlromthe perpendicular 
at different geomagnetic latitude •• 

Geomagnetic 
lamude (g) 
90 (pole) 
75 
60 
45 
20 
o (equator) 

Offset (b) 
o 
7.6 
16.1 
26.6 
53.9 
90 

(see Figure 2). The equation for determin­
ing the slant of the field lines to a line 
perpendicular to the Earth's surface is: 

b = 90-atan(2'tan(g)) (Equation 1) 

where 
b = the angle of the magnetic force 

line to a line drawn from the center of the 
Earth through the surface at latitude g. 

Note that gis the geomagnetic latitude, 
not (necessarily) the geographic latitude. 

This is an important angle because it 
indicates the Z axis tilt from perpendicular. 
This means, for example, that at 60 degrees 
geomagnetic latitude, the downlink anten­
nas will be off pointed from local vertical by 
about 16 degrees. Since the magnetic poles 
are offset from the poles of rotation, the 
magnetic equator is also off set from the 
geographic equator. Althe longitude of the 
Americas, aboutlOO degrees west, the mag­
netic equator is about 15 degrees below the 
geographic equator. Hence it does not cross 
South America in Colombia, but about 15 
degrees further south, in Brazil. Thus, the 



Fig. 3 - Relation of orbits to magnetic 
pole. 

offset from perpendicular at the latitude of 
the northern border of the US (about 70 
degrees geomagnetic latitude) is about 7 
degrees, and at Florida (about 60 degrees 
geomagnetic latitude) it is about 16 degrees. 
Directly over the magnetic equator, the lines 
are parallel to the Earth's surface. The table 
on page 66 lists these angles for several 
latitudes. 

The Microsats are in a polar orbit that is 
sun synchronous. To each spacecraft it is 
always 10:30 AM, as it stays in the same 
place relative to the direction of the sun, 
and the Earth rotates under it. To achieve 
this, the orbit is tilted slightly, so it doesn't 
pass directly over the geographic poles, but 
misses them by about 10 degrees or 500 
miles. This means that the ground track will 
cross directly over the magnetic poles on 
some orbits and miss them by aconsiderable 
distance on others (see Figure 3). 

The magnets along the Z axis of the 
spacecraft line themselves up with the lines 
of the Earth's magnetic field in a mode 
generally called "passive magnetic attitude 
stabilization". This holds the spacecraft 
with the Z axis nearly perpendicular to the 
Earth's surface, except when it is near the 
magnetic equator. Either the +Z or the -Z 
will be "up" or away from the Earth, and the 
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FIg. 4 - Telemetry diagram. 

tilt of the Z axis to the north or south will 
match the angle of the Earth's magnetic 
field lines at that latitude. During an orbit 
as the spacecraft nears the magnetic equa­
tor, the top surface will be pulled toward 
the direction of motion until the spacecraft 
is flying with the Z axis parallel to the 
Earth' 5 surface. After passing over the 
equator the leading surface will be pulled 
down until ilis pointed at the Earth, and the 
spacecraft has completed a 180 degree roll 
The opposite Z surface is now down and the 
Z axis is again about perpendicular to the 
surface, varying by the tilt of the force lines 
as described in Equation 1 and Table 1. 

While the Z axis stays locked into the 
Earth's field lines, the spacecraft spins about 
the Z axis because ofthe pressure from solar 
radiation on the downlink. antenna blades. 
Solar pressure is greater on the white sides 
of the blades than the black, so the spacecraft 
spins in a counter clockwise direction when 
viewed from the + Z side (except for LUSA T, 
which is opposite). This spin mode is offi­
cially known as' photon assisted spin' but is 
commonly called the' solar propeller' (Note 
3). The spin rate was expected to be about 
3 minutes per revolution for PACSAT and 
LUSAT, about 3 times that for DOVE, and 
slightly slower than thalfor WEBER. DOVE 
should be faster because it's painted an­
tennas are for 2 meters and are about3 times 
the length of the 70 cm antennas on the 
others. WEBER should be slower because 
of it's larger moment of inertia. The hyster­
esis rods damp forces acting on the space­
craft and prevent excessive motion. It was 
expected that the speed of the spin would 
increase until a stable rate was achieved 
that was a balance between the torque 
generated by the solar propeller and other 
forces acting on the spacecraft. The increase 
in rate would at first be quite fast and would 
decreaseexponentiallyuntilthatstablestate 
was reached During sun-lit parts of the 
orbit it was expected that the spin rate would 
increase slightly, then would decrease when 
the spacecraft is in eclipse. Some seasonal 
variation in spin rate should also occur as 
the percentage ofthe orbit that is in sunlight 
changes. This rotation provides thermal 
control of the spacecraft by ensuring that 
the sun heats each surface in turn . 

All of these factors must be carefully 
balanced. Too much spin can introduce 
enough gyroscopic effect to prevent the 
spacecraft from rolling over at the equator. 
Not enough spin and the spacecraft may 
tumble. If there is not enough strength in 
the magnets the spacecraft will not lock on 
the field lines and will also tumble. Many 
factors can upset this balance and cause 
very complex motions, aU of which are 
undesirable. This stabilization method is 
strictly passive, no adjustments can be made 

once in orbit. 
The intent of keeping the 70 cm (2 

meters for DOVE) antennas down when 
over favored areas is to maximize efficiency 
on the downlink, which is expected to be 
the weaker link. 

Telemetry Measurements In the 
Mlcrosats 

The telemetry capabilities of the 
Microsats provide excellent means to study 
their motion. Samples can be taken as often 
as every 5 seconds and the 1200 baud down­
link speed (higher speeds are possible) pro­
vides adequate bandwidth to send exten­
sivetelemetrydata. Additionally, the whole 
orbit data (WaD) facility allows the collec­
tion of several telemetry points for up to 
about50rbits(limitedbyavailablememory). 
This is an invaluable tool for studying all 
aspects of the operation of the spacecraft. 
Several of the telemetry channels useful in 
studying motion are described in the fol­
lowing section. 

In a Microsat, each module except for 
the computer, has one or more sensors 
(voltage, current, temperature, etc.) that is 
part of the telemetry system (see Figure 4). 
Many of the signals from the sensors are 
wired through a resistor voltage divider in 
the module before being connected to the 
input pin of an analog multiplexor (MUX) 
chip located in each module. The onboard 
computer selects module and the sensor to 
be switched through the MUX to the single 
analog sampling lead that is part of the 
spacecraft wiring bus. That lead is con­
nected to the analog to digital converter 
chip (ADq in the computer module. The 
digital output of the ADC is made available 
to the computer and can be sent in real time 
as a telemetry (TLM) channel, stored for 
later download, etc., all under onboard 
software control. 

The voltage dividers in each module 
are necessary because the input range of the 
ADC is 0 to 2.5 volts, so all signals must be 
scaled down to that range. The published 
TLM decode equations compensate for the 
scaling of the voltage divider and convert 
the directly measured voltage to its appro­
priate engineering value (amps, degrees 
centigrade, etc.). Some channels have no 
units, so we refer to their values in 'counts'. 
The infrared (IR) sensors are a good ex­
ample. 

For some TLM channels a single bit 
change results in a larger change in the 
calculated (or engineering) value than you 
might expect. This is because the ADC is 8 
bit and can only separate input voltages 
into 255 parts, and because of constraints in 
the voltage and current capabilities of the 
sensors. For example, a one bit change in 
raw value of temperature TLM channels 
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from DOVE results in a.6 degree change in 
the calculated temperature. 

The TLM decoding equations were 
derived from calibration measurement 
made both in the AMSAT Boulder Labora­
tory and althe launch site in Kourou. Those 
results were plotted and then software was 
used to fit a curve to the results and derive 
the TLM decode equations. In some cases 
few data points were available to derive the 
equations. In other cases a quadratic 
equation will not fit the calibration data. 
Therefore there are some built in errors. 
Adjustments may be made for those errors 
at some point in the future by either updat­
ing the equations or using completely new 
decoding methods such as look up tables. 
In the meantime, what we have is reason­
ably accurate and quite useful. 

Telemetry Useful In Motion Studies 
The primary source of motion study 

data to date has been the solar array CUT­

rents. An additional valuable input on 
DOVE, PACSAT, and LUSAT is the IR 
sensor which looks out the +Z surface. On 
WEBER there are two IR sensors mounted 
on the + Y surface, the same surface the 
camera looks out of. There are also two 
magnetometers in WEBER, measuring 
magnetic forces in the XY and YZ planes. 

The + ZIR sensors are designed to show 
when the +Z surface is pointing at the Earth. 
Their scale is in units and is logarithmic: 
The larger the count, the more light is strik­
ingthe sensor. This data is somewhat noisy. 
It sometimes varies from the actual value 
by a count or two due to slight bus voltage 
variations, AC on the source voltage, RFI, 
or other reasons yet to be determined 

WEBER has no + Z surface IR sensor 
(see figureS) . It's + Y IRs look slightly to the 
left and right of the direction the camera 
points (perpendicular to the + Y surface). 
They form an angle between them of 22 
degrees and their conical field of view is 10 
degrees. They are positioned so that the 
only time they are illuminated simulta· 
neously is when the + Y is facing the Earth. 

IR's 

• • • • • • • • 

Fig, 5 - WEBER IR •• nsor •• 

The intent of this design was to allow their 
use to assure pictures were taken only when 
the camera was pointed at the Earth. Their 
readout is opposite the other spacecraft's 
IRs: illumination decreases their count. 
This data is also somewhat noisy. 

A temperature sensor was mounted on 
the inside of the + Y solar array on each 
spacecraft. One of the reasons for this posi· 
tioning was to provide an additional point 
that could be used for attitude and motion 
determination. However, it has turned out 
that the solar panel is a good enough insu­
lator that the temperatures as measured by 
these sensors only reflect the general 
warming and cooling of the spacecraft dur­
ing the sunlit and shadowed portions of the 
orbit, and do not change noticeably as the 
spacecraft rotates. 

The temperature sensor mounted on 
the top module cover (+Z side) can be used 
to roughly determine when the +Z is in the 
sun. Temperatures here will lag sun illu· 
mination by a few minutes because it takes 
a while for heat to be transmitted through 
this surface when the spacecraft comes out 
of eclipse. 

The WEBER magnetometers were de­
signed to allow measurements of the Earth's 
magnetic field. Magnetometer 1 is oriented 
to sense flux lines in the YZ plane of the 
spacecraft, and magnetometer 2 measures 
flux lines in the XY plane. Each of these 
sensors was biased with a small permanent 
magnet mounted near it to cancel the effect 
of the stronger spacecraft attitude control 
magnets. Proper operation of these sensors 
has not yet been verified If working as 
designed they may be useful in motion 
studies. 

By far the most useful telemetry chan­
nels have been the solar array currents. 
Since the current from the solar arrays 
changes essentially instantaneously as a 
function of the angle of sunlight on the 
panel, that angle can be calculated with 
reasonable accuracy for every surface that 
is in the sun every time a TLM sample is 
taken. This allows us to determine the 
angle of the sun on either two or three 
surfaces every x seconds, where x is the 
TLM sample interval. Since we know the 
angle of the sun to the plane of the orbit is 
22.5 degrees all the time, that amount can be 
factored out and the angles of the surfaces 
to the orbit plane can be determined. The 
equation for calculating the sun angle from 
the array current is: 

a = acos(lnow/lmax) (Equation 2) 

where a is the angle 
Inow is the current measured 
Imaxis the maximum current the panel 

is capable of producing. 
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Imax will be 351 rnA plus or minus 2 
rnA for every panel on every spacecraft 
except the -Z panels, which are exactly half, 
since they contain half the number of cells. 
The result of this calculation using many 
computer spread sheets will be in radians 
and must be converted to degrees by multi­
plying the result by 180 I Pi. Using Equation 
2, when there is no sun on the panel the 
calculated angle will be 90 degrees, and 
when the sun is directly on the panel (per­
pendicular to the panel surface) the angle 
will be 0 degrees. Since that is not the way 
we usually think of angles to surfaces, we 
can take the complement of the angle 
(subtract it from 90) and the result will be 
the angle between the direction of the sun 
and the panel surface. Thus the more 
complete equation is: 

a = 90-(acos(lnow/lmax)*Pi/180) 
(Equation 3) 

See Fig. 6 for a chart ofthis relationship. 

rna 
400 

300 

200 

100 Expected currenVsun 
angle relationship 

o~----~~~~~~ 
90 80 70 60 50 40 30 20 10 0 

sun angle in degrees (90 '" full sun) 

Fig. 6 

This formula is not accurate at shallow 
sun angles because of scattering from the 
solar cell cover slides and array shadowing 
as explained below. That is why the telem­
etry decoding equations give negative re­
sults when there is no sun on the panel. 
Work needs to be done to further refine this 
equation, but it appears to be quite accurate 
above about 15 degrees of sun angle. 

The effect of the shadow of the anten­
nas falling on the solar paneis is noticeable. 
The antennas are made of 3 I 8" Stanley tape 
measure material, therefore they will cast a 
, thin' shadow and a I thick' shadow de· 
pending on their orientation to the sun . 
Their long side is parallel to the X axis. The 
uplink antennas will shadow the +Z array 
all the time the + Z is in sunl since they 
project upward perpendicular to the +Z 
surface from the center of it. The downlink 
turnstile antennas will cast a shadow on the 
~Z surface at times, and on the side they are 
mounted below at other times. The effect 
on array current outputs when shadows are 
cast on the various panels, both for a nomi· 
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Fig. 7 - Expected X and Y array currents. 

nal attitude and for situations when the 
spacecraft is nutating (wobbling), remains 
to be studied. 

The spacecraft spin rate can be easily 
determined by examining array currents. 
The best way to do this is to plot them with 
a computer. See Figure 7 for an example of 
an ideal case. Note that the vertical (Y) axis 
of the graph is current and the horizontal 
(X) is time. Points on the X axis are 10 
seconds apart. With nominal conditions we 
expect each of the side panels to rotate into 
the sun and out again as the spacecraft spins 
around the Z axis. A plot of the X and Y 
surface array currents will show the current 
from one surface start out at zerOI slowly 
climb to a maximum, then drop to zero 
again, as it rotates into then out of the sun. 
As an example, let's assume the + X panelis 
fully in the sun. Its array current will be 
about 340 mAo This is the expected current 
with a sun angle of22.S degrees, the nominal 
angle of the sun to the orbit plane. No 
current will be generated by the other X 
panel because it is in full shadow on the 
'back' side of the spacecraft. The Y panels 
also will not be generating current because 
they are parallel to the suns rays. As the 
spacecraft rotates (counter clockwise as 
viewed from the +Z), the current from the 
+ X panel will slowly drop and the + Y panel 
will start to generate current as it comes into 
the sun. When the spacecraft has rotated 4S 
degrees the +X and + Y panels will be re­
ceiving equal sun and be generating equal 
current. 45 degrees later only the + Y panel 
will be in sun and the +X current will drop 
to zero because it has passed into shadow. 
This pattern continues as the spacecraft 
rotates. To calculate the spin rate1count the 
number of seconds between the peeks of 
two successive panels and multiply by four. 

lfthereisnutationabouttheZaxis,and 
the period of the nutation is short compared 
to the rotation rate, the current plots from 
each array will be a wave superimposed 
over the nominal rise and fall described 
above. They can be pictured as a higher 
frequency cosine wave imposed on top of 
the positive half of a lower frequency cosine 
wave, 

345 6 7 8 
10 second interval 

Fig. 8 - DOVE array currents on 2-17-90. 

InItIal MotIon and Current SituatIon 
The spacecraft were mounted on the 

launcher with a single explosive bolt ex­
tending from the center of the -Z surface 
through a spring to a ring (the ASAp) around 
the bottom of the payload section of the 
Ariane IV launcher (Note 1). The +Z sur­
face was pointed straight up as the vehicle 
sat on the pad. Each spring was a slightly 
different strength. After SPOT 2 and the 
UoSATs were deployed, the Ariane third 
stage and payload section was pointed 
backward (top opposite the direction of 
flight) and the explosive bolts were fired, 
allowing the springs to pop the Microsats 
off the ASAP. Over time the spacecraft 
became separated because of the different 
spring strengths. The torque generated by 
the springsl which were not perfectly 
aligned with the center of gravity of the 
spacecraftl caused the spacecraft to initially 
tumble in orbit. After a few days the mag­
nets had locked into the Earth's field, and 
some of the tumbling inertia was translated 
into spin about the Z axis. Initial spin rates 
about the Z axis were about 20 minutes per 
revolution, tumble rates were apparently 
much higher. The change from tumble into 
magnetic lock has not been studied in detail 
and is of great interest to the spacecraft 
builders because it provides valuable in­
formation concerning the design of space­
craft using this stabilization method. 

All of the above motions happened as 
expected except for the spin direction of 
PACSAT. PACSAT's spin is discussed in 
more detail below. 

DOVE quickly spun up to a brisk 20 
secondsorsoperrevolutionduetoitslonger 
downlink antenna blades (see Figure 8 for 
actual DOVE array current plots). The ex­
actcurrentspinratehasnotbeendetemtined 
because the real time telemetry sample rate 
is too slow to assure an accurate measure­
ment. In order to obtain an accurate picture 
of a wave form, it must be sampled at a rate 
at least twice its frequency (Nyquist rate). 
Since the sample rate is 10 seconds and the 
apparent spin rate was 20 secondsl we be­
lieve we were sampling slower than the 
Nyquist rate, resulting in aliasing, and the 

result is suspect. Howeverl strip chart re­
cordings of signal strength made by Junior 
DeCastro, PY2BJO, also indicated an ap­
panent spin rate slightly greater than 20 
seconds. 

There was some concern that DOVE 
would spin so fast that the gyroscopic effect 
of the spin would overcome the magnetic 
lock and it would not roll over at the equa­
tor. This does not seem to be a problem as 
arraycurrentandlRsensortelemetryciearly 
indicate its +Z surface is up in the northern 
hemisphere and its -Z surface is up in the 
southern. 

Nutation about the Z axis has been 
apparent on all spacecraft since magnetic 
lock was achieved, This is of interest be­
cause it affects RF linksl has the potential to 
tell us a great deal about this stabilization 
method, and affects what can be done with 
the WEBER camera and other experiments. 
This nutation can be described as a line 
extending from the Z axis describing a cone 
pattern in spacel and is sometimes called 
(reasonably)' coning'. lnitialmeasurements 
indicated PACSAT was nutating up to 20 
degrees either side of the nominal Z axis 
aligrunent, or a total of 40 degrees (see 
Figure 9 for an early PACSAT array current 
plot). The nutation rate was about 56 sec­
onds, Thatisl a complete circle from say, tilt 
in the direction of light, all the way around 
until tilt was again in the direction of flight, 
took 56 seconds. Theory holds that the 
nutation direction will be the same as the 
spin directionl but this has not been proven 
with data. The nutation appears to vary a 
great deal from orbit to orbit. The early 
array current wave fonns were fairly com­
plex and it now appears that we were see­
ing a combination of the effects of rotation, 
nutation and antenna shadowing. LUSAT 
was also nutating, but somewhat less. 
WEBER nutation was expected to be of 
greater amplitude than the others because 
it has less favorable moments of inertia, 
however WOD scans have not shown this 
to be the case. DOVE's nutation amount is 
currently unknown because the TLM 
sample rate has been too low. The nutation 
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Fig. 9 - PACSAT 2·11·90 showing large nutation. Fig. 10 - PACSAT 3-6-90. 

amplitude of PACSAT appears to have re­
ducedsinceitbegan to spin upin the correct 
direction. Nutation amounts of PACSAT 
and LUSA T now appear tovary from nearly 
none to about 10 degrees, 20 total. See 
Figure 10 for an example of PACSAT array 
currents showing little nutation. The pat­
tern of this variation is not apparent, and 
the cause is unknown. However, one cur­
rent theory is that the nutation now being 
seen is caused by the pull of the magnetic 
poles as the spacecraft passes over the top 
and bottom of the Earth, but at a point far 
away from those poles. The effect is similar 
to giving the top of a spinning gyroscope a 
push to the side with your finger: A wobble 
is induced that eventually damps itself out. 
When the spacecraft orbit passes more di­
rectly over the magnetic poles, no nutation 
is induced because the pull is in line with 
the orbit plane. At present this is specula­
tion and confirmation will require collection 
and analysis of additional whole orbit data 
(WOO). It has also been suggested that the 
variations in nutation are influenced by 
changes in the Earth's magnetic field and 
that the spacecraft could be used to study 
those variations. The nutation amount for 
P ACSA T has been confirmed by correlating 
the IR sensor data with the array current 
data (see Figure 11). Plots of both have 
shown that the Z axis leans over far enough 
at times that the IRsensor in the +Z sees the 
sun. Sun angles calculated from the +Z 
array current match up well with the angle 

necessary for the IR to be illuminated by the 
sun. 

There was initially some confusion 
about the spin direction of LUSAT. How­
ever, once the opposite orientation of both 
the turnstile blades and the magnets is taken 
into account, itis clear that LUSAT spun up 
in the correct direction. 

PAC SAT SpIn Reversal 
Perhaps one of the most fascinating 

events related to motion that has occurred 
since launch was the reversal of the PAC­
SAT spin direction. 

Although it had never before been seen 
in a spacecraft using this stabilization 
method, there was a SO/ SO chance that any 
one of the Microsats would start out spin­
ning in the 'wrong' direction; that is, the 
direction opposite that caused by the solar 
propeller. As it turned out, this is exactly 
what happened with PACSAT. By early 
February it was clear it was spinning 
clockwise instead of counterclockwise, and 
was slowing down. By the tenth of Febru­
ary it had slowed down to about one revo­
lution per hour, and on about February 17 it 
turned around and began to spin in the 
correct direction (see Figures 12 and 13). 
While enough data has been examined to 
assure this interpretation is correct, much 
additional study is necessary to determine 
exactly when the turn around occurred, if 
there was any tumbling, if magnetic lock 
continued even though there was no spin, 
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little or no spin, etc. 
PACSAT has con­
tinued to spin upand 
has now reached a 
rate of about 2 1/2 
minutes per revolu­
tion, which is well 
within the design 
parameters (see Fig­
ure 14). 
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Fig. 11 -IR and +Z current correlation. 
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The Importance of understandIng 
nutation 

Understanding nutation is important 
for a number of reasons. Lefs first look at 
RF link performance. For the purposes of 
this discussion we will ignore the slight tilt 
of the Z axis caused by the tilt of the Earth's 
magnetic field lines. Assume for a moment 
the Z axis of PACSAT is stable (no nutation) 
and the orbit will pass directly over your 
station, which is in the northern hemisphere 
well away from the magnetic equator. As 
the spacecraft comes over the horizon the 
uplink antenna sticking out the top of the 
spacecraft will be pointed away from you at 
an angle of about 117 degrees from a line 
drawn between you and the satellite (see 
Figure 15a). The downlink turnstile will be 
pointed at the Earth, but away from you by 
about 63 degrees. We could say the point­
ing angle of the downlink antenna is 63 
degrees. This angle will slowly decrease as 
the spacecraft approaches until, when it is 
directly overhead, the pointing angle will 
be essentially zero. It will then increase 
until at the opposite horizon it is again 
about 63 degrees. On the horizon the polar­
ization of the downlink signal will be el­
liptical and of the proper handedness and 
overhead it will be nearly perfectly circular. 
Note that the handedness of the polariza­
tion will be left for one transmitter in each 
spacecraft and right for the other. 

If the pass is not directly overhead the 
initialoffpointingwill be less, butitwill not 
be zero at time of closest approach (TCA) or 
highest elevation. For a pass that never gets 
above 15 degrees elevation, the pointing 
angle never gets better than about 45 de­
grees, and the polarization is always ellipti­
cal. Of course, for stations near the mag­
netic equator the situation is quite different 
since the spacecraft is rolling over 180 de­
grees at that point. 

Now let's assume that the spacecraft 
has a 40 degree nutation about the Z axis (20 
degrees either side of the stable position). 
Remember that the nutation rate is about 1 
minute per rotation. Now when on the 
horizon, the pointing angle will vary from 
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Fig. 12- PACSATon 2·16·90. 

about 83 degrees to about 43 degrees in 30 
seconds (Figure 1Sb). An 83 degree off 
pointing will cause the polarization to be 
nearly linear and at that point in the nuta­
tion cycle it would be horizontal. When 
nutation causes the spacecraft to tilt to the 
left or right as seen by the observer the 
polarization would be strongly elliptical 
and canted about 20 degrees from horizon­
tal. 

At this point we do not have radiation 
pattern measurements from the Microsat 
antennas, except S band. The engineering 

m. 

be influenced by the nutation, understand­
ing it is important. 

5 band performance on DOVE and 
PACSAT will also be affected by nutation. 
The 5 band antenna is a bifilar helix which 
projects from the +Z surface and is mounted 
about 11/4" in from the edge. Thatsurface 
is generally away from the Earth in the 
northern hemisphere, so for high elevation 
passes in that area the body of the space­
craft is often between the antenna and the 
ground station. However, when nutation is 
present the ground station will see a com-
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Fig. 13 - PACSATturn around 2-17-90. 

model maybe used to complete that work. 
However it should be obvious that nutation 
such as we are seeing will have some effect 
on RF link performance. This will be espe­
cially true when using simple omnidirec­
tional ground stations antennas. Remem­
ber that nutation is not present on every 
orbit. Since one of the objectives of the 
Microsat effort was to demonstrate effec­
tiveusewith simple antennas, and the most 
efficient simple design is probably going to 

plex pattern of changes in polarization and 
signal strength as the short nutation period 
and the longer spin period interact. The 
design of ground station antennas could be 
changed to most efficiently work with this 
pattern once it has been characterized, 

It would be advantageous to be able to 
include the pointing angle of the Microsats 
in tracking programs. This would help 
those experimenting with antennas or just 
using the spacecraft; station adjustments 

could be made to 
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efficiency. It may 
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ample, that one type 
of simple antenna 
works best when the 
spacecraft is making 
a low elevation pass 
and a different type 
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Fig. 14- PACSATon 4-16-90. 

works well for high elevation passes. It 
may also be true that different antennas 
work best for different amounts of nuta­
tion. It will be necessary to more fully 
understand the cause of the nutation in 
order to mathematicaliymodel, and to some 
extent predict, the spacecraft motion in 
tracking programs. 

Since nutation is generally undesirable 
and magnitudes this large were not ex­
pected, it is important to know its cause and 
characteristics so the designs of future 
similar spacecraft can be modified appro­
priately. 

Areas need In9 further study and 
Investigation 

A number of areas of study falling into 
the general categury of motion and stabili­
zation are ripe for further investigation. 
Some will require research into fields such 
as antenna radiation patterns, or the appli­
cation of knowledge of physics, orbital me­
chanics, etc. Some will also require access 
to sophisticated test equipment or the 
Microsat engineering model. Many can be 
undertaken with only a small amount of 
assistance from the engineering team. 
However, for most, all needed data can be 
obtained from Microsat telemetry and pub­
lished documents. Following is a summary 
(in no particular order) of those study areas. 
It is not exhaustive, but is included here in 
an attempt to show the richness of further 
investigative opportunities, and in the hope 
that it will stimulate those interested in 
amateur satellites, or just in satellites, to 
participate in this fascinating field. 

Exactly when and why does a 
Microsa!' sZ axis wobble? Whatis the cause 
of the nutation? Can we understand enough 
about the cause to predict when it will occur 
and its amplitude? There is a component of 
precession in the roll over that occurs at the 
equator. Exactly how much does the Z axis 
deviate from the orbit plane during this 
event? 

117' 

Flg.15a - Pointing angle, no nutation. 

Fig. 15b - Pointing angle with nutation. 
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• What is the nature of WEBER wobble 
as compared to the others? WEBER's mo­
ments of inertia are different. How does 
that affect its susceptibility to nutation? 
Given verification of proper operation, can 
WEBER nutation be correlated to its mag­
netometer readings to validate those read­
ings, or the other way around? Can the 
magnetometer readings be correlated to the 
array currents? 

• What are the effects on the RF links 
of the nutation? Can predictions be corre­
lated to measured signal strength and pa­
larization changes? What are the radiation 
patterns of the antennas (70 cm downlink, 2 
meter downlink, and2 meter uplink)? What 
are the best simple ground station antennas 
to use when nutation is present and when it 
is not? 

• Exactly how quickly did each Micro­
sat achieve magnetic lock? What was the 
nature of the motion (tumble) in the first 
few days? How quickly did PACSAT lock 
as compared to the others, given that it was 
spinning in the wrong direction? 

• Exactly when did PACSAT turn 
around, and how much, if any, tumble oc­
curred at that time? After it turned around, 
what was its spin rate each day until it 
reached a stable rate? How did the tem­
peratures in PACSAT change as its spin 
slowed down to zero about February 17th? 
How hot did the + Y surface get when it 
faced the sun for long periods? 

• What is the DOVE spin rate cur­
rently, and how fast did it increase since it 
came out oftumble? A WOD collection of 
the array currents is planned using a 2 
second sample rate. This should allow ac­
curate determination of the spin rate, and 
also tell us if DOVE' s roll over at the equator 
is delayed or affected atall by its higher spin 
rate. 

• The conical view angle of the lR 
sensors in all but WEBER needs to be mea­
sured so the lR data can be more precisely 
correlated with other sensor data. What is 
a more precise method for relating sun angle 
to solar array current when the sun angle is 
low? 

• What is the exact current drop from 
a panel when a thick and a thin 2 meter 
antenna shadow falls on it? What is the 
effect of shadowing of the 5 band antennas 
on the +Zarrays? Under what circumstances 
will the shadow of the 70 ern and the 2 m 
downlink antennas fall on the X or Y panels 
(with and without various amounts of nu· 
tation)? Can this be verified with telemetry? 

Contact Information 
Experimenters interested in pursuing 

any of these areas should contact the author 
or Bruce Rahn, WB9ANQ. Bruce is the 
coordinator of the Command Station De-

velopment Program (CSDP) for AMSAT­
NA. Information about how to obtain 
Microsat telemetry from the TLM data bank 
can be requested from Reid Bristor, 
WA4UPD. When requesting information 
please include an SASE, and for data in­
clude a disk, mailer and return postage. 

Reid Bristor, W A4UPD 
4535 Deerwood Trail 
Melbourne, FL 32935 

Jim White, WD0E 
6642 S. Dover Way 
Littleton, CO 80123 
Compuserve 71477,546 

Bruce Rahn, WB9ANQ 
410 Colorado Trail 
Enon, Ohio 45323 

Abbreviations 
TLM - Telemetry 
ADC - Analog to Digital Converter 
WOD - Whole Orbit Data. Data col-

lected for one or more entire orbit and 
downloaded in one package. 

TCA - Time of Oosest Approach. The 
time at which the satellite comes closest to 
the ground station. 

ASAP - Auxiliary Secondary Payload 
Adaptor 

MUX - Multiplexer 
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Astronaut Deployable Satellite 
The Astronaut Deployable Satellite (ADSAT) is an educational satellite being 

designed and built by faculty, local engineers, and students at Weber State 
University. TheADSAT is our third satellite project after the success of two others, 
NUSAT I (Challenger-April 85) and WEBERSAT-OSCAR 18 (Ariane-Jan 90. 
The ADSAT is designed to be tossed into space by an astronaut. The 16 H X 16 H 

X 4 H ADSAT is self-contained and is designed to ride into space in a mid-deck 
stowage locker on the shuttle. When launch is desired, the astronaut removes the 
ADSAT from the locker and carries it outside. The astronaut then deploys the 
antennas and throws the ADSAT into space. 

The ADSAT is designed to send to Earth voice messages concerning onboard 
experiments. The voice messages will be generated by an onboard speech synthe­
sizer that verbally relays the data to low-cost scanners on the ground. ADSAT is 
being designed to be thrown in a couple of years if NASA will agree to the concept. 

By Dr. William G. Clapp, KB7KCM 
Weber State University 
Ogden, Utah 

Introduction 
Realistic engineering training at the 

university level is a difficult task to ac­
complish successfully. There is no substi­
tute for on-the-job training that takes place 
after graduation. Many universities offer 

senior projects courses in undergraduate 
programs to help the student transition into 
their entry-level engineering positions. The 
School of Technology at Weber State Uni­
versity has implemented a rigorous one­
year senior projects program that consumes 
about 300 hours for each student. The stu­
dents must work in teams to accomplish a 
significant task. A satellite isanideal project 
because it can be a well defined complete 

72 The AMSAT Space Symposium 1990 



system. A satellite does not take up much 
storage space during construction and can 
be put into orbit to eliminate long-tenn 
storage problems. 

History 
Weber State University faculty, local 

engineers, and students have been building 
satellites since 1978. The first satellite, 
NUSATI, wasa joint project between Weber 
State University and Utah State University. 
NUSATI was inserted into orbit in April of 
1985, from the Shuttle Challenger. Over 
1500 two-way communications were com­
pleted during its 20 month life before re­
entry. Its mission to calibrate FAA radars 
throughout the world was not totally ac­
complished because of the unanticipated 
density of the radar signals from ground 
radars. The cash outlay for NUSA I I was 
less than $20,000 with more than $1 million 
donated in the form of labor, parts, and 
services. nus first satellite was the catalyst 
to organize the Center for Aerospace I ech­
nology (CASI) at Weber State University to 
help facilitate similar future endeavors. 

NUSA I II was being developed while 
NUSA I I was still in orbit. Ihe second 
satellite would have enhanced capabilities 
to complete the FAA experiments. The 
structure was space qualified and the elec­
tronic systems were prototyped before the 
shuttle disaster occurred. Work on NUSA I 
II was discontinued because of the loss of 
low cost launch opportunities. 

Weber State University joined the Ra­
dio Amateur Satellite Ieam (AMSAT) to 
help build four Microsat satellites. P ACSA I 
(AO-16), DOVE (DO-17), WEBERSAI(WO-
18), and LUSAI (LO-19) were launched 
into orbit in January of 1990, aboard an 
Ariane4fromFrenchGuiana. EachMicrosat 
weighs just 20 pounds and is less than a 
cubic foot in size. With five receivers, two 
transmitters, and 8 Megabytes of RAM 
storage, they are powerful communications 
satellites. Weber State University students 
built most of the flight hard ware for all four 
Microsats. 

One of the four Microsats was desig­
nated as WEBERSA I and carries an addi­
tional top module designed and built by 
students, local engineers, and faculty. The 
upper three inch module adds a ceo color 
camera, light spectrometer, particle impact 
sensor, and a microwave receiver. Daily 
contacts with WEBERSA I are convincing 
us that it is working very well. The learning 
process to effectively use the camera has 
taken months and we are still trying many 
of its variables. 

The AMSA I Phase IV Satellite is yet 
another satellite that Weber State University 
has made significant contributions. The 
Phase IV is a 1000 pound satellite designed 

for a geostationary orbit. Weber students, 
local engineers, and faculty have contrib­
uted about 10,000 volunteer hours in 
building a full-scale model using the design 
by Dick Jansson. This project is temporarily 
on hold waiting for additional funding. 

Astronaut Deployable Satellite 
To continue our realistic engineering 

training at Weber State University, we 
needed another satellite project. The concept 
of an astronaut deployable satellite came 
about because of the prohibitive high costs 
of launching satellites. Io launch again on 
the shuttle or the Ariane is now many times 
higher because of the commercial interest 
since our launches. The shuttle launch costs 
to eject a satellite from a Getaway Canister 
(GAS) is now beyond our budget capabil­
ity. To reduce the launch interface expenses, 
maybe NASA could simply carry the satel­
lite in a mid-deck stowage locker to altitude 
and then have an astronaut toss it into space. 
Negotiations with NASA have begun. They 
may never agree to the idea, but they have 
not said no either. 

The ADSA I is being designed to send 
voice messages concerning onboard ex­
periments. The voice messages will be 
generated by an onboard speech synthe­
sizer that will verbally relay the data to low­
cost scanners in schools throughout the 
world. With a low orbit of150 miles and the 
ADSA I transmitter power of 4 Watts, com­
munications tolow-cost scanners is possible. 
Theexperimenlscarried aboard willbe high 
school sponsored projects that willhopefully 
encourage space and science education. 

The electronics design is being super­
vised by Dr. Robert Summers and Verne 
Hansen, both professors at Weber State 
University. They are advising senior 
projects teams in the design and testing of 
the microprocessor and its payload inter­
faces. Three students have completed the 
basic hardware design and three other 
students have begun the task of software 
development. Ihe ADSA I will have 32 
channels for analog to digital conversion 
for sensors and experiments. A real-time 
clock will be used to broadcast the time and 
to provide a time reference for the experi­
ments. A speech and sound synthesizer 
will be used to generate the required audio 
sounds. A voltage controlled oscillator will 
be used to transmit varying tones that will 
be tied to the experiments. A touch tone 
generator will be included to send down a 
specific sequence of tones to turn on ground 
stations. A ceo camera will be included to 
send back video images of the Earth. 

A new technique to transmit video 
analog signals using audio signal paths is 
being designedby Professors Summers and 
Hansen. The video images taken by the 

satellite will be transmitted as FM modu­
lated audio signals. The video data would 
then be received on the ground using a low 
cost scanner with the audio output going to 
an audio tape recorder. An interface card 
would allow the user to convert the tape 
recorded audio to video images on a stan­
dard personal computer with CGA graph­
ics capability. The transmission of a single 
picture would only take a few minutes. 

The signals will be transmitted to the 
ground using a 4 Watt FM modulated au­
dio signal using the amateur radio 2 Meter 
Band. The output power will be adjustable 
by the onboard computer asa tool to manage 
the power drain on the batteries. The solar 
panels and power regulator system should 
allow the transmitter to operate near full 
power while prolonging battery life and 
turning off unused circuits. 

One of the experiments being designed 
uses a three-axis magnetometer and a 
voltage controlled oscillator to verbally tell 
the listeners how fast the satellite is tumbling 
in each axis . The output of each magne­
tometer will be fed into a voltage controlled 
oscillator that will change frequency as the 
satellite rotates. Ihe speech synthesizer 
will take turns switching on each axis and 
transmit that audio tone for about ten sec­
onds. Listeners on the ground could easily 
determine the satellites rate of tumble in 
each axis. 

Other experiments might include a 
particle impact sensor, similar to the one 
now flying on WEBERSA I, an eclipse de­
tectorta determine the time the satellite is in 
the eclipse of the sun, and maybe even a 
photon light motor. The 32 analog input 
channels will allow some flexibility to fly 
some fun experiments. Power budget and 
volume allowed for each experiment will 
be the biggest limiting factor. 

The speech synthesizer, sound gen· 
erator, voltage controlled oscillator, and 
video audio will be programmed so that 
each has a tum transmitting data. The 
complete cycle of data will last about ten 
minutes and then continually repeat as the 
satellite orbits the Earth. The maximum 
reception time by anyone ground receiver 
will be less than 10 minutes because of the 
low orbit. 

The ADSAI space frame is about the 
size of a brief case measuring 16" X 16" X 4" 
and will weigh less than 25 pounds. The 
mechanical design is complete and students 
in the Manufacturing Engineering Iech­
nology Dept. at Weber State University are 
about to begin building four ADSA I 
spaceframes. They will develop the pro­
cesses to manufacture the frames using high 
technology concepts. Many parts will be 
machined on our five-axis Okuma Mill. 

The ADSAI is designed 10 fit into a 
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mid-deck stowage locker. When the astro­
naut desires to launch ADSA T, he opens the 
locker and pulls it out by the handle. The 
astronaut attaches ADSA T to the side wall 
of the shuttle using velcro to help facilitate 
exiting the pressure locks. The handle 
provides an easy grip for the astronaut as he 
releases the antenna. He Squeezes the 
trigger and the ADSAT gently springs out 
into space. 

Conclusion 
Satellite projects have provided stu­

dents with an excellent vehicle to learn 
valuable engineering lessons. All of our 
departments are working together because 
the program would simply not survive 
without everyone contributing. Even if 
ADSA T never flies, the experiences and 
lessons leamed will be invaluable. Nego­
tiations with NASA are underway and we 
are optimistic of flying in a couple of years. 

Macromets and Microsats 
By David Liberman, XE1TU 
PUIDE/UNAM. 
AMSAT-Mexico 

and 

Or. Arcadlo Poveda 
Programa Universitario de 
Investigacion y Desarrollo 
Espacial- PUIDE/UNAM. 

Since its beginnings, AMSAT has al­
ways had an interest in educational pro­
grams. Throughout the years we have seen 
how many of these activities have started. 
Good examples are, of course, the Univer­
sity of Surrey, the University of Marburg. 
Weber State College and others. 

The National Autonomus University 
of Mexico (UN AM) had a space group that 
had been working for some time. One olthe 
activities of this group was to build a GAS­
CAN with a set of good scientific experi­
ments on it. For reasons we all know, the 
GAS is still at the Cape and has not flown 
yet, naturally having caused a certain 
amount of frustration. 

One of the problems in countries like 
Mexico is to allocate the needed money to 
fund a space program or project, due to the 
lack of confidence in the development or 
use of the right technology at the right price. 
AMSAT has played a very important pari 
in solving this problem by showing the 
feasibility of space use, with a very eco­
nomical but still very powerful and flexible 
small satellite, the result of a rational em­
ployment of limited resources and the best 
possible application of available technol­
ogy. 

Through a series of lectures and con­
ferences, the academic staff of UNAM 
learned about the capabilities and limita­
tions of the microsats. They were asked to 
come forward with proposals for the use of 

a satellite built under the guideline of the 
microsat philosophy. The result gave birth 
to a project that is now contemplating the 
construction and launch of a microsat with 
several tasks, including a scientific experi­
ment, to be described ahead. 

Dark Matter and Meteorites 
The mass-energy eqUilibrium in the 

Universe called for a certain amount of dark 
matter on it. Not being able to observe but 
the light and other type of radiation emitting 
bodies, some astronomers have calculated 
the amount of dark matter that has to be in 
the Universe. Throughout the years, these 
numbers have been superseded by better 
estimates, but we are still a distance from 
really knowing the right number. 

In very general terms, this type of matter 
receives the name of "Missing Mass Ob­
jects" or MMO's. They are arranged in the 
Universe in several distributions. Theymay 
manifest themselves by their gravitational 
perturbation on the motion of stars in the 
Galaxie, or in the motions of Galaxies in 
Clusters. It has been estimated that in the 
solar vicinity about 1 12 of the mass is in the 
form of dark matter, i.e. matter that has not 
been observed directly. In the scale of the 
Galaxie, it appears that 9/10 of its matter is 
in the form of dark matter, and at the scale 
of the Universe as a whole, it may be as 
much as 99%. 

The nature of this matter is, at present, 
unknown; it may be composed of conven­
tional matter - baryons - in unconven­
tional form - neutron starts, black holes, 
etc. - but it may also be composed of exotic 
particles, not yet observed in the laboratory, 
but which the partide physicist, who have 
worked on the very early stages of the Big­
Bang. speculate about their abundant exist­
ence, as a relic of those early days. 

In the case of dark matter in the neigh­
borhood of the Sun, it has been speculated 
that it could be composed of rocks, meteors, 
comets, etc. Depending on their size distri-
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bution, the probability that some of these 
mysterious bodies might hit the Earth, 
cannot be neglected. The Olbits at which 
they move, some gravitational focusing ef­
fect of the Sun on Earth and their number 
has to lead us to think that some of them are 
reaching the Earth, and in doing so, they 
cause some effects that allow us to detect 
them. Morespecificisthecaseofthemeteors 
that, upon entering the atmosphere produce 
a highly ionized trail, used by many of us to 
bounce radio waves and QSO successfully. 

Many scientific surveys have been 
made, using the ionizing property of the 
trail and also different types of radar, and 
their velocities, energies and orbits are 
partially known. Unfortunately these 
studies have been very short. Hills (Hills 
1968) has calulated that all the meteor sur­
veys put together will only amount for 30 
hours of observation over the whole Earth's 
atmosphere. This is also due to the fact that 
many of these investigations were made 
using high gain antennas which allow ob­
servation on a very small solid angle. 

At the beginning of the space age, many 
satellites were flown with devices to detect 
meteorites, looking for those that could 
produce some damage to the future satel­
lites. Theresultolthis study established the 
probabilities, sizes and numbers of incom­
ing micrometeors inrelation with the safety 
factors for spacecraft to be launched. The 
mass distribution of the meteorites detected, 
centered itself around 10' -3 grams. LDEF 
has only one bigger impact on the structure 
(none in the pannels), that caused a hole, 
certainly produced by a "larger" meteorite. 
It spent 6 years in space before retrievaL 
and it shows a "grinding effect" of the 
smaller mass meteorites. 

Depending on their energy, meteorites 
can be classified in two groups. Those that 
upon entering the atmosphere produce 
more than 10'14 ionslm are called "Over­
dense"; below this figure they are called 
"UnderdenseH

• 

We know that practically all the mete­
orites come from the solar system. Even 
when we don't expect a large number of 
extra-solar meteorites, wesuspectthatsome 
of them might belong to the dark matter 
distribution of the solar vicinity. They will 
not be related to the periodical meteor­
showers, as these dearly belong to the solar 
system distribution. and are related in many 
cases to the paths followed by comets that 
leave a big amount of debris on their pas­
sage dose to the Sun. Some of them even 
have "radiants" (Opik 1957) associated with 
them, as if all of the meteorites belonging to 
a certain radiant, originated in the same 
point in space. 

The mass distribution of the MMO's 
can be estimated from several experimental 



results. It we take that they have a mass of 10'-3 grams or less, the 
number of particles this size would be extremely large, to the point 
that they would attenuate the light we see from stars, by more than 
one magnitude. This is not observed (Hills 1986), and we have to 
conclude that their mass average is above this value. On the other 
hand, if the MMO's were massive objects, their gravitational effect 
would be noted, specially on binary systems of stars, and this also, 
has not been observed. We have to conclude that their mass 
distribution is centered between 10'-3 and 10'7 grams. 

The rate at which they hit the Earth is affected by gravitational 
focusing of the Sun, and Hills calculated that 5000 tons of MMO's 
reach the Earth in one year. From observed meteors, most likely 
from the solar system, we know that a 1 gram meteor will produce 
10'17 ions/ m, clearly an overdense trail. The velocity at which they 
reach the Earth is related to their escape velocity, but when inbound 
to the solar system, we have to consider the rotation velocity of the 
Earth, the velocity of the Earth around the Sun and the velocity of 
the Sun within the galaxy. We can see that the main difference with 
the meteors from the solar system is the speed at which they 
approach the Earth. 

At a distance of 1 AU the near-parabolic escape velocity of an 
object in solar orbit is: 

ill : ... 1 AU 

Vsun "'" - 42 .12'-

Like."ise tor the ea rth, the escape velocity trom its surtace is : 

2 
Vearth ,- [2~e.rth 1 

e= earth 
km 

Vearth = 11.206- -e= • 
It ., .. s consider that the pre-encounter velocity ot an inbound inter stellar 
object with respect to t he sun is : 

Vinb : - 30 · -
sun s 

and that the orbital velocity ot the earth with respect to the sun is 

><m 
Vorb : ~ 30--

earth s 

_ b.lIve that the maximum head-on velocity of a n interstellar meteor will be 

•• 0 

km 
Vrna x _ 82.476· -

interst 5 

while the maximum head- on velocity of a _teor of the solar s ystem is 

_x 
solar 

, _ [vorb 2 + Vearth 2] , 
earth esc 

lao 
Valax '"' 32 .025 · -

solar s 

The amount of ions/ m of the trail is directly related to the 
energy of the arriving meteor, and of course the energy is propor­
tional to the velocity. By statistical means it is possible to better 
describe the distribution of velocities and eventually also the energy 
distribution. 

Mlcrosats 
We know that it is possible to bounce a radio wave on the 

ionized trail of a meteor. Many QSO's have been done by using this 
technique generically known as HMeteorscatter"'. 

Two echoes are present; one coming from the trail and another 
one, called the "head-echo'" coming from the meteor itself (Kaiser 
1955), scattered by very short life ionization, probably produced by 
ultra-violet radiation from the meteor as it enters the atmosphere 
(Opik 1958, Lovell 1952). The head-echo due to speed of the meteor 
is shifted in frequency by Doppler effect that can be used to measure 
its relative velocity. 

There are many factors altering the amplitude and phase of the 
reflecled signa~ most of them due to the geometry of the problem. 
One alternate method of measuring the velocity could be the Fresnel 
diffraction, which affects the amplitude of the head-echo (Lovell 
1952). 

For the purpose of calculating the required power and size of 
signals, let's assume a near polar orbit with 800 km of altitude in a 
Sun-synchronous orbit, very similar to the one at which the present 
microsats are flying. Let's also assume a 1 gram meteorite entering 
the atmosphere at a speed of70 km/ s and producing 10'17 ions/m 
of trajectory. From the geometry of the orbit we can immediately 
calculate the solid angle of coverage that the satellite will have. The 
meteorites start ionizing at around an altitude of 120 km. The 
maximum range from the satellite at this altitude will be 4200 km. 
We also see that the coverage is about 11 times more than what a 
station on the surface of the Earth. In the initial modeling of the 
proposed experiment we propose a frequency around 146 MHz as 
this will always be "transparent" in the ionosphere. For reasons 
related to the power budget we intend to use pulses. 

The linear ionization density is: 

17 ions 
q: - l · l0 

m 

and the trecuency 

6 
t: : 146·10 · HZ 

corresponding to a Io'ave-length ot 

o 
J.. : - -

f 

). = 2.055· 111. 

We Io'ill consider a maxilllWll d istance trolll the satellite to the trail ot : 

'I"he effective cross section ot the electron for radio Io'aves is : 

- 28 2 
° : - 1 · 10 · 111 
electron 

'nle total reflecting cross section ot the trail (Maand.ers 1965) Io'ill then be 

°trail : - [;].Oelectron . q2 . 0max . J.. 

" 2 ° - 3.596·10 · 111 
trail 
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The peak power ot the pulses i s 

P : - 240' W 
b 

The nux arriving at the trail a t the distance considered is 

, 
" . ,. ---

1 

pW 
¢> 1. 559 · -

1 , 
m 

and the total renec:ted powe r will be. 

P : - 4> • (] 
1 trail 

The flux reaehil'l9 the satellite back frolll the trail i s 

, 
1 . ,. -'--­, 

4 ' 11 ' 0 
~. 

pW 
4> - 0.036, -

2 
m 

AssUJlling a unity antenna gain the capture area is 

, 
1 

A : - -
ant 4 " 

A _ 0.336' TIl 
• nt 

'I11e received power at the satellite will then be 

P : - q, ' A 
nt 2 ant 

, - 0 . 012 ' pW 

"""~ '.,0.,""[> 1 
ref 

- -139.123 

The telllperatu re of the systelll is (Jan King 1990) 

T .y. 
The intended P/IIssband on the receiver is 

, : - 1000' Hz 

So the noise power will be 

, : - K · T ., 
noise bolt:!: .y. 

~ 

-11 , • 5.52 10 · . w 
noise 

[' ] ~i" .... : - 10' loq -,--
~ih 

ret .... - -162.581 
noise 

The signal to noise ratio in these conditions is 

PI :_ Pdb 
eo ~ 

- 23.457 .n 

.... 
noise 

Due to the fact that we will be always in a condition of 
backscatter, we have to consider a reduction on the signal. The 
calculated reduction for this frequency is (Keitel 1955) 
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Pdb :- 4.65 
back 

P :: PI 
echo sn 

, 
echo 

18.807 

.... 
,,"c k 

The power in the head echo will vary depending on several factors, 
like size and velocity of the meteorite. From several published papers 
(McKinley 1955, McKinley 1961) we have concluded that a good average 
figure is 1 % of the total reflected power. Ian King suggested to confirm 
this figure by doing some experimentation from the ground. This 
corresponds to a 20 dB reduction from the main echo. 

pf : - 10 ' log(20) 
dopp 

The signal to noise ratio of the Doppler component is then 
P : '" P 
dopp echo 

P - 5.797 
dopp 

" dopp 

The Doppler shift has two components. One due to the circular 
speed of the satellite in orbit and the other due to the radial component 
of the speed of the meteorite. 

r :- R + h 
earth sat 

2 
r - 7 .14 8 · 10 · Jar, 

v ,- OM [;] eire earth 

"" V - 7.467 
eire • 

V 
eire 

6F ,·--f 
," c 

6F - 3.634 KIl . due to the satel lite. 
Mt 

In a collinear head- on encounter the doppler shift will be 

Veol 
antip :- [v:maX interst + Veire ] 

Veol - 89 . 944 · 
antip s 

The Jllaxi_ doppler shift will then be 

6F 
mo. 

" mo. 

veol 
antip 

+ ----''-· t : - 6F 
c 

47 .407 · KH:!: 

Satellite Power Budget Analysis 
Assuming the same Sun-synchronous orbit of 800 km altitude, 

inclination of 98 degrees and very low eccentricity we have an orbital 
period of 

Pe r : - 100.87 · lIIin 

the percentage ot tilM! exposed to the s un i s 

Sur. :- 65.5 · t 

• 
so the sun exposed time is 

Per - 66 . 07 - min 
.un 

The solar enerqy in the vicinity or the earth is 

3 W 
1. 355 ' 10 



Using BSFR silicon solar cells with an area (each cell) of 

A : - 4 ·cm 
cell 

and having clips made of 20 cells each the area of each clip will be 

N .. 20 
clip 

A 
Clip 

A 
clip 

: '" N 
clip 

, 
.. 80· em 

· A 
cell 

each face containing four clips 

A : _ 4 A 
face clip 

A 320 em 
face 

the energy intercepted by this area is 

E : _ A 
face face sun 

E '" 43.36 · I" 
face 

the efficiency o f this type of solar cells at 50C at begining of life is 

Eff :_ 16.0 · 
cell 

The maximum current dralo'll at the peak from the batteries is 

Ein 

35.08S·A which is well bellow the manufacturer maximum 
current of 118 amps. 

In order to have a good sampling rate of the echoes considering 
that the mean duration of a trail of lOA 17 ions/ m is only 80 s and we 
want to see the TCA, we propose a frequency of 12 pulses/min 

pulses 
Frec :'" 12 · 

pulse min 

-1 
Rate : - Free 

pulse pulse 

Rate .. 5· s we send a pulse every 5 s. 
pulse 

The number of pulses per orbit is then 

Num : ~ Frec . Per 
pulse pulse 

, 
Num .. 1.21 10 . pulses 

pulse 

We propose a pulse duration of 

T : - 6 · ms 
so the collected energy is pulse 

Etot : .. E . Eft 
face face cell 

Etot at a voltage of V : - l 1.4 · volt 
face 

There 1s an additional contribution given by the cells on each of the +Z and 
-z faces, equivalent ( present telemetry) to 1 clip 

E 

Etot 
face 

E 1.734 · 1" 

giving a final total of 

E :- Etot + E 
tot face 

E _ 8 672 · W 

tot 

throughout the whole orbit we have 

P : - E Per 
avail tot sun 

p 
avail 

572.956 · W· l:lin 

'i'his available power will be used by the different systems on the satellite 
in the following way 

E 
computer 

p 
computer 

p 
computer 

: '" 1 5 · I" 

: - E 
computer 

151. )05 · W· min 

~ =-=-.iver multichannel, includes channel for spectrum analyzer ) 

E : - 1· W 
~ 

P : - E Per 
~ ~ 

P '" 100 . 87· W min 
~ 

'!hi! pul.sinq transmiter will send pulses of a peak power of 

E : - 240·W 
peak 

AsSUlainq an efficiency of 60 

Eft' : ~ 60 \ 

Ein ; '" 
max Eff 

Ein 400 · W 
~, 

The total tilfle at the peak power per orbit i s 

Ttot :~Num ·T 
pulse pulse pulse 

"!'tot - 0 161 · !Din 
pulse 

The total power per orbit for pulsing i s 

,"cb 
pulse 

Ttot . E 
pulse peak 

Eft 

Porb ·64.557 wmin 
pulse 

The AART boards require an additional 

E : - .25· W 
..,-t 

p : .. E . Per 
aart aart 

P 25.218 W·min 
.ort 

If we assWDe 1 W for the telemetry Tx 

E :- 1·1" 
telam 

P : - E . Per 
telem telem 

p 
telem 

100.87·W·min 

So far the total power allocated is 

P : "' P + P + Forb + P + P 
use computer no: pulse aart telem 

p 
U"e 

- 442 619· W· min 

leaving us with a reserve of 

P ; '" P 
remain avail 

p 130.138 · W· min 
remain 

As we can see, there are about 130W""min per orbit excess 
power that can be used as a reserve to avoid the total depletion of the 
internal batteries at the end of the eclipse period. Also there is a 
possibility of having a larger pulsing frequency when a valid echo 
is received.. in such a way that a better Doppler curve can be 
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generated and perhaps even some Fresnel diffraction measure­
ments can be made. 

Tom Clark, W3lWI, has suggested to make the spectrum ana­
lyzer using a product detector (SSB) with a AID converter and 
performing a Fast Fourier Transform in the computer on board, 
accumulating on an open bottom buffer the data. It seems like a very 
elegant and effident way of gathering the spectral information and 
we are thankfully accepting his suggestion. 

The proposed scientific use of the Microsat technology shows 
clearly that the flexibility and system characteristics of this type of 
satellite is far from exploited or exhausted. We are absolutely 
certain that the results of the proposed experiment have many 
ramifications that we have not seen yet, mainly in the field of radio­
communications, the observation of ionization process in auroras 
(Ron Dunbar), the forward meteor-scatter in sub-horizon passes, 
etc. 

This experiment will allow UN AM to enter the field of satellite 
technology and to perform a good scientific experiment in space. 
AMSAT will further show the capabilities of this technology in the 
field of educational and sdentific applications. 
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