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Minneapolis, Minnesota 

PART 1 - 144.050 MHz RECEPTION 
This section of our report i s on our observa­

t i o n of the 144.050 MHz signals. We were p r i m a r i l y i n t e r e s t e d 
i n the telemetry system and the magnetic a t t i t u d e s t a b i l i z a t i o n 
system (MASS) experiments. We w i l l also comment on the propa­
gation of the 144.050 MHz signals, although nothing new over 
the past Oscar experiments and our tracking on 136 MHz was 
observed. 

The telemetry system was f a r superior to any 
of the past Oscar telemetry systems used and seemed to per­
form e x c e l l e n t l y . The telemetry could be decoded even i n 
the f i n a l o r b i t s when we had a poor signal-to-noise r a t i o 
due to weak signals from the s a t e l l i t e . 

Our decoding system was an audio a m p l i f i e r w i t h 
dual inputs, one fo r the telemetry signal and the other f o r 
the audio signal from an audio generator. We used a n u l l 
meter to determine "zero beat." Also, we could monitor the 
"zero beat" a u r a l l y on a speaker. We then measured the 
frequency of the audio generator and did not have t o be 
concerned w i t h receiver noise. The r e p e a t a b i l i t y of the 
telemetry data indicated the system was working adequately 
w e l l . We used WWV to c a l i b r a t e the audio s i g n a l . 

We did most of our data c o l l e c t i n g during the 
early morning o r b i t s so as to have a "cool and l i g h t " ionos­
phere to deal w i t h . This gave us a stronger signal and 
a s i g n a l w i t h less ionospheric upsets and made p o l a r i z a t i o n 
measurements easier. I n the early morning hours i t was 
much easier to determine the terminator l i n e , and also the 
sun and moon were more eas i l y i d e n t i f i e d . By knowing the 
l o c a t i o n of these three elements i t was less work and i t 
made i d e n t i f i c a t i o n of the three l i g h t sensors data more 
meaningful. Also, we could make bett e r c o r r e l a t i o n of the 
sensor and p o l a r i z a t i o n data. 

The temperature s t a b i l i z a t i o n system worked w e l l . 
I t was very i n t e r e s t i n g to watch the i n t e r n a l temperature 
climb and s t a b i l i z e a f t e r launch. The i n t e r n a l temperature 
on o r b i t #1 was s t i l l about the same as that at the launch 
s i t e , i . e . , 24 degrees Centigrade. Orbit #4 showed 30 
degrees; o r b i t #5,32 degrees; o r b i t #6,40 degrees; and by 
o r b i t #78 the temperature s t a b i l i z e d out to between 47 and 
49 degrees Centigrade. The temperature remained very stable 
i n t e r n a l l y throughout the remaining active o r b i t s of the 
144.050 tran s m i t t e r and telemetry system. 

The i n t e r n a l skin temperature showed a wider 
v a r i a t i o n , ranging from a low of 45 degrees to a high of 
63 degrees Centigrade. During the night-time and early 
morning passes, on the south-bound node, i t was i n t e r e s t i n g 
to watch the i n t e r n a l skin temperature drop as the s a t e l l i t e 
passed from d a y l i g h t to Earth shadow. The temperature change 
was usually about 6 degrees Centigrade, but on some o r b i t s 
i t changed by as much as 12 degrees. During the day-time 
passes, when the s a t e l l i t e was i n f u l l s u n l i g h t , the i n t e r ­
nal s k i n temperature showed only a v a r i a t i o n of about 3 degrees. 

*Ed. note: This i s the summary of a 43 page report received 
on March 26, 1970. I t was one of the most complete and 
thorough reports received by AMSAT. 
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We did n o t i c e that the i n t e r n a l s k i n temperature 
and the "X" l i g h t sensor followed each other. When the "X" 
sensor was a c t i v e , i n d i c a t i n g sunlight, the i n t e r n a l s k i n tem­
perature would be a t i t s maximum. This was probably due to 
the i n t e r n a l s k i n temperature sensor being mounted on the 
same s i d e of the s a t e l l i t e as the "X" l i g h t sensor. 

During the e a r l y morning south-bound far-west 
passes, we did n o t i c e that the l i g h t sensors produced not 
a slowly changing or constant tone but a warble. This may 
have been due to the sun's rays being f i l t e r e d through the 
mountain peaks i n western Canada and the western United 
S t a t e s . We did not n o t i c e t h i s e f f e c t on the passes f u r t h e r 
to the e a s t p r i o r to t h i s type of pass. 

The l i g h t sensor system and the MASS experiment 
seemed to work. During the f i r s t few o r b i t s the s p i n r a t e 
averaged 3.5 rpm. This was measured using the l i g h t sensor 
data and measuring the incoming p o l a r i z a t i o n . We did our 
incoming wavefront p o l a r i z a t i o n measurements on 144.050 MHz 
r a t h e r than on 29.450 MHz because of Faraday r o t a t i o n . 
Faraday r o t a t i o n made i t very d i f f i c u l t to get any c o r r e l a ­
t i o n between incoming wavefront p o l a r i z a t i o n and l i g h t sensor 
data. By o r b i t #11 the s p i n r a t e had slowed to 3.3 rpm, 
o r b i t #19 was 2.8 rpm, o r b i t #36 was 0.75 rpm, o r b i t #69 was 
0.6 rpm and by o r b i t #74 the s p i n r a t e was down to 0.2 rpm, 
g i v i n g an almost fad e - f r e e s i g n a l on 144.050 MHz. The fades 
were very shallow, about 5 dB, and the p o l a r i z a t i o n of the 
144.050 MHz s i g n a l was almost purely h o r i z o n t a l with a 
s l i g h t s l a n t . As the s a t e l l i t e c rossed North America, the 
144.050 MHz antenna seemed to be p a r a l l e l to the s u r f a c e of 
the E a r t h with the antenna pointing i n a north-south d i r e c ­
t i o n . The s p i n a x i s seemed to be on an oblique angle around 
the 144.050 MHz antenna, causing an orthogonal s p i n . A l l 
of the above conclusions were made using l i g h t sensor data 
and wavefront p o l a r i z a t i o n measurements. 

A f t e r about seven days i n o r b i t i t would take 
over three complete telemetry sequences f o r one l i g h t sensor 
to make a complete scan. The "X", "Y" and "Z" l i g h t sensors 
were s e q u e n t i a l i n t h e i r scanning. A f t e r 14 days i n o r b i t 
the passes were not long enough for the s a t e l l i t e to make 
one complete r e v o l u t i o n and give a complete l i g h t sensor 
data p a t t e r n . A f t e r the s a t e l l i t e had s t a b i l i z e d we found 
t h a t h o r i z o n t a l p o l a r i z a t i o n seemed to work w e l l f o r r e c e i v ­
ing the s a t e l l i t e on 144.050 MHz. We did l o s e the s i g n a l 
when we would switch to v e r t i c a l p o l a r i z a t i o n . The drop 
i n s i g n a l l e v e l was around 35 dB. The 29.450 MHz antenna 
seemed to be spinning i n a v e r t i c a l p o s i t i o n . We did get 
some e x c e l l e n t antenna-tip n u l l s when the s a t e l l i t e was 
passing i n or near z e n i t h . We a l s o had a l o t of sun and 
moon pick-ups by the l i g h t sensors. 

The propagation of s i g n a l s on 144.050 MHz was 
the same as seen on the previous Oscar s a t e l l i t e s and on 
136 MHz t r a c k i n g . We had a r a t h e r q u i e t ionosphere during 
the a c t i v e time of the 144.050 MHz t r a n s m i t t e r . The s i g n a l s 
were always good on a l l portions of the o r b i t below 6 5 
degrees l a t i t u d e . As expected, when i n the f a r northern 
l a t i t u d e s , t h e 144.050 MHz s i g n a l was d i s t u r b e d by the heavy 
ion and e l e c t r o n concentration around the magnetic poles. 
On a north-bound pass, 45 seconds p r i o r to f u l l a c q u i s i t i o n 
of the 144.050 MHz s i g n a l , we would make a very short acqui­
s i t i o n , sometimes only 3 to 5 seconds long. The s i g n a l 
a t a c q u i s i t i o n was u s u a l l y q u i t e good. When the s a t e l l i t e 
s i g n a l propagation was making the t r a n s i t i o n from f u l l 
r e f r a c t i o n to l i n e - o f - s i g h t , the Doppler s h i f t was q u i t e 
l a r g e . A f t e r t h i s period, s i g n a l propagation was very 
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predictable. We did encounter some trouble w i t h the daytime 
passes due to the heavy ionosphere. Signals were generally 
weaker and the p o l a r i z a t i o n measurements were not as smooth 
as during the early morning and night-time passes. When 
the s a t e l l i t e , on the north-bound node, passed through 
the polar region the signals would become badly disturbed 
w i t h a wide v a r i a t i o n i n signal levels and p o l a r i z a t i o n . 
A f t e r passing through the polar r e f r a c t i v e period the 
signal would surge upward i n l e v e l as propagation went 
to true r e f r a c t i o n . Signal loss would occur about 50 
seconds a f t e r going to true r e f r a c t i o n . This whole pro­
cess would be reversed f o r a south-bound node, except 
we would not have the heavy ionosphere to deal w i t h , as 
the south-bound nodes occurred during the night and 
early morning. 

To summarize the reception at 144.050 MHz, 
the signal l e v e l seemed adequate and the telemetry was 
excellent. Signal propagation was normal and predictable. 

PART 2 - 29.450 MHz RECEPTION 
This p o r t i o n of the report deals w i t h our 

observations of the 29.450 MHz beacon and discusses 
signal l e v e l s , north-bound vs. south-bound o r b i t s , 
29.450 MHz vs. 144.050 MHz reception, e f f e c t s of the 
solar eclipse on propagation, and the f i n a l o r b i t s of 
Australis-Oscar 5. 

Our antenna system f o r 29.450 MHz reception 
was a simple ground plane. We had planned to make our 
greatest e f f o r t f o r the Australis-Oscar 5 experiment 
on 144.050 MHz so the 29.450 MHz beacon did not immediately 
receive much a t t e n t i o n . After the e n d - o f - l i f e of the 
144.050 MHz s i g n a l , we decided to make a propagation 
study of the 29.450 MHz beacon and were very i n t e r e s t e d 
i n some of our findings vs. those known about the 144 MHz 
propagation. 

We were a l i t t l e s k e p t i c a l as to whether we 
would be able to receive enough signal w i t h the ground 
plane antenna. As i t turned out, we were able to receive 
adequate s i g n a l . I t was also convenient not to have to 
r o t a t e a beam, and w i t h the 45 degree r a d i a t i o n angle 
i t worked out q u i t e w e l l on the close-in passes when the 
s a t e l l i t e was at or near zenith. 

The signal levels received on 29.450 MHz 
averaged about 42 dB above noise on a close-in crossing 
during the night-time. The daytime north-bound passes 
did have some attenuation of the s i g n a l , w i t h most 
daytime passes g i v i n g a signal l e v e l 15 dB above noise. 
As time progressed, the signal l e v e l showed a gradual 
decay up to the l a s t two days, when the signal l e v e l 
dropped o f f r a p i d l y . The l a s t o r b i t received here on 
29.450 MHz was o r b i t #581. The signal l e v e l on o r b i t 
#581 was only about 1 t o 2 dB above the noise on peaks. 
On o r b i t #581 we were using a high-gain preamplifier 
and a 2.5 Hz bandpass on the tracking f i l t e r . 

We found no malfunctions of the 29.450 MHz 
beacon except f o r the low-level modulation. I t would 
have been of great help i n our study of the propagation 
i f the telemetry would have been usable on the 29.450 MHz 
beacon to help us determine the fade rate and a t t i t u d e 
of the s a t e l l i t e . 
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I n comparing the 144.050 MHz and 29.450 MHz 
propagation, there was a great d i f f e r e n c e between the 
two f r e q u e n c i e s . The f i r s t major d i f f e r e n c e was the 
l a r g e amount of Faraday r o t a t i o n of the 29.450 MHz s i g n a l 
which was not too pronounced a t 144.050 MHz. Secondly, 
the r e f r a c t i v e process of the two frequencies d i f f e r e d 
g r e a t l y . The only time t h a t the 144.050 MHz s i g n a l was 
propagated by r e f r a c t i o n was f o r a sh o r t period of 
time a t a c q u i s i t i o n of s i g n a l (AOS) and again j u s t p r i o r 
to l o s s of s i g n a l (LOS). The 29.450 MHz signal,on the 
other hand, seemed to be r e f r a c t e d at a l l times. On 
144.050 MHz, the s i g n a l u s u a l l y had no t r o uble pene­
t r a t i n g the ionosphere except when i n the p o l a r region 
and o c c a s i o n a l l y on a daytime pass when the ionosphere 
was a g i t a t e d by high s o l a r a c t i v i t y . The only time 
t h a t we can say t h a t the 144.050 MHz s i g n a l was propa­
gated by r e f r a c t i o n was when i t was below the horizon. 
This r e f r a c t i v e period l a s t e d only for a sh o r t time, 
u s u a l l y about 60 seconds. I t was always q u i t e easy to 
t e l l the 144.050 MHz r e f r a c t i v e period, as the s i g n a l 
l e v e l would f l u c t u a t e at random and we would always have 
trouble measuring the p o l a r i z a t i o n . About 60 seconds 
p r i o r to LOS the s i g n a l would take a l a r g e upward surge 
and then would f l u c t u a t e a t random and g r a d u a l l y fade 
out. This was true for both the north-and south-bound 
passes. I t was sometimes d i f f i c u l t to determine the 
r e f r a c t i v e period on the north-bound nodes, as the 
s i g n a l had to t r a v e l through the heavy p o l a r region and 
t h i s region always caused a major amount of disturbance 
to the s i g n a l . 

The only c o r r e l a t i o n found between the 144.050 
MHz and the 29.450 MHz s i g n a l s was when the two s i g n a l s 
had to t r a v e l through the polar region. This region, 
with i t s heavy e l e c t r o n content, disturbed the s i g n a l s 
a t both frequencies causing l a r g e s i g n a l amplitude changes 
and a r a p i d change i n the p o l a r i z a t i o n . 

The 29.450 MHz s i g n a l d i f f e r e d g r e a t l y from 
that at 144.050 MHz. T h i s i s due to the s i g n a l being 
r e f r a c t e d a l l of the time. The i n a b i l i t y of the 29.450 MHz 
s i g n a l to e a s i l y penetrate the ionosphere was a l s o charac­
t e r i z e d by Faraday r o t a t i o n of the s i g n a l . The amount 
and r a t e of Faraday r o t a t i o n depends on s e v e r a l f a c t o r s , 
i n c l u d i n g the angle of i n c i d e n c e at which the s i g n a l 
passes through the magnetic l i n e s of f o r c e of the E a r t h , 
the e l e c t r o n content of the s i g n a l path, the s p i n r a t e 
of the s a t e l l i t e and the type of t r a n s m i t t i n g antenna 
of the s a t e l l i t e . The s p i n r a t e and type of t r a n s m i t t i n g 
antenna w i l l only have an e f f e c t on the observed Faraday 
r o t a t i o n . 

We w i l l now apply some of our observations to 
the above known f a c t s . We w i l l use mostly north-bound 
nodes, as the south-bound nodes are more complex due to 
the p o l a r disturbance. We have found t h a t the c l o s e r 
to the horizon and the f u r t h e r away from the s a t e l l i t e , 
the g r e a t e r the amount of Faraday r o t a t i o n . On the passes 
when the e q u a t o r i a l c r o s s i n g was between 45 and 50 degrees 
a t AOS the Faraday r o t a t i o n would be very r a p i d , u s u a l l y 
about 0.2 seconds per fade. This probably was due to 
the low angle of i n c i d e n c e and the low angle of e l e v a t i o n , 
on the horizon, causing the s i g n a l to t r a v e l along a path 
t h a t would have the g r e a t e s t e l e c t r o n content. As the 
s a t e l l i t e progressed north, the Faraday r o t a t i o n fade 
r a t e would decrease. T h i s was due to the e l e v a t i o n angle 
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i n c r e a s i n g , g i v i n g a s i g n a l p a t h w i t h l e s s e l e c t r o n 
c o n t e n t , a n d a l s o t h e angle o f i n c i d e n c e was i n c r e a s i n g . 
The f a d e r a t e would c o n t i n u e t o decrease u n t i l t h e s i g n a l 
was p a s s i n g a t 90 degrees, or p e r p e n d i c u l a r t o t h e magnetic 
l i n e s o f f o r c e . The fade r a t e a t t h i s t i m e was about 20 t o 22 
seconds l o n g . S h o r t l y a f t e r p a s s i n g t h i s p o i n t , t h e s i g n a l 
would e n t e r t h e p o l a r r e g i o n and become d i s t u r b e d . I t 
was i m p o s s i b l e t o t e l l i f t h e fade r a t e was i n c r e a s i n g , 
as t h e fade r a t e s would be v e r y i r r e g u l a r , making a c c u r a t e 
measurements i m p o s s i b l e . As t h e e q u a t o r i a l c r o s s i n g moved 
t o t h e west, b r i n g i n g t h e s a t e l l i t e c r o s s i n g c l o s e r t o 
us, t h e fade r a t e a t a c q u i s i t i o n would be d e c r e a s i n g . For 
an overhead pass e q u a t o r i a l c r o s s i n g t h e fade r a t e a t 
a c q u i s i t i o n was u s u a l l y about 2 seconds i n l e n g t h . When 
the s a t e l l i t e was a t z e n i t h , t h e fade r a t e was about 20 
t o 22 seconds per f a d e . 

For t h e n i g h t - t i m e passes, when t h e s a t e l l i t e 
was south-bound, t h e r e was some d i f f e r e n c e i n t h e Faraday 
r o t a t i o n . T h i s was p r o b a b l y t h e r e s u l t o f t h e l i g h t e r 
and c o o l e r i o n o s p h e r e . From AOS u n t i l t h e s a t e l l i t e 
c r o ssed 60 degrees N o r t h l a t i t u d e , t h e s i g n a l would be 
b a d l y d i s t u r b e d by t h e p o l a r r e g i o n . We found no d i f f e r ­
ence i n t h e daytime or n i g h t - t i m e p o l a r r e g i o n d i s t u r ­
bance. A f t e r t h e s a t e l l i t e had t r a v e r s e d t h e p o l a r 
r e g i o n , t h e s i g n a l would smooth o u t and have a fade 
r a t e o f about 3 seconds, l e n g t h e n i n g t o about 22 seconds 
a t c l o s e s t approach. As t h e s a t e l l i t e moved s o u t h , t h e 
fade r a t e would i n c r e a s e t o 2 seconds per f a d e p r i o r t o LOS. 
About 3 minutes p r i o r t o LOS t h e s i g n a l on south-bound 
passes would go t h r o u g h a s h o r t p e r i o d o f d i s t u r b a n c e 
and t h e apparent f r e q u e n c y o f t h e s a t e l l i t e would s h i f t 
f r om 25 t o 100 Hz. T h i s happened on j u s t about a l l 
south-bound passes except d u r i n g t h e f i n a l days o f t h e 
s a t e l l i t e ' s l i f e when we went t h r o u g h a major s o l a r 
d i s t u r b a n c e . A l s o , t h i s o b s e r v a t i o n was o n l y n o t i c e d 
on passes t h a t c r o s s e d s l i g h t l y e a s t , overhead, o r 
s l i g h t l y west o f us. T h i s sudden apparent f r e q u e n c y 
change was p r o b a b l y due t o t h e s a t e l l i t e g o i n g from l i n e -
o f - s i g h t r e f r a c t i o n t o b e l o w - t h e - h o r i z o n r e f r a c t i o n . 
As t h e s i g n a l would make t h i s p a t h t r a n s i t i o n , t h e s i g ­
n a l would have a r a p i d change i n v e l o c i t y o f p r o p a g a t i o n , 
c a u s i n g t h e sudden change i n f r e q u e n c y . 

The l e n g t h o f t i m e f o r a pass averaged around 
20 minutes f o r a c l o s e - i n pass. We d i d have s e v e r a l 
i n s t a n c e s o f p r o l o n g e d s i g n a l r e c e p t i o n . The l o n g e s t 
pass r e c e i v e d was o r b i t #3 68 l a s t i n g f o r 53 m i n u t e s . 
O r b i t #368 was a daytime n o r t h - b o u n d pass. The s i g n a l 
a f t e r p a s s i n g t h r o u g h t h e p o l a r r e g i o n was weak, w i t h 
p e r i o d s of h i g h e r s i g n a l l e v e l . T h i s p r o l o n g e d r e c e p t i o n 
was p r o b a b l y t h e r e s u l t of d u c t i n g . 

We were f o r t u n a t e t o have t h e s a t e l l i t e 
pass i n c o n j u n c t i o n w i t h a s o l a r e c l i p s e on March 7 t h 
on o r b i t #542. What we were e x p e c t i n g t o observe when 
the s a t e l l i t e passed t h r o u g h t h e umbra or r e g i o n where 
the umbra had passed was a change o r d e p a r t u r e f r o m t h e 
normal Faraday r o t a t i o n as observed on o r b i t s o f s i m i l a r 
e q u a t o r i a l c r o s s i n g s . I n p r e p a r a t i o n f o r o r b i t #542 we 
t o o k s e v e r a l o r b i t s w i t h comparable e q u a t o r i a l c r o s s i n g s 
and p l o t t e d t h e f a d e r a t e versus t i m e f r o m AOS t o t h e 
p o l a r r e g i o n d i s t u r b a n c e . We t h e n p l o t t e d t h e s e passes 
g r a p h i c a l l y . On o r b i t #542 we a l s o p l o t t e d t h e Faraday 
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r o t a t i o n fade rate. From the p l o t s and our observation 
of o r b i t #542 we found no change i n the propagation during 
the solar eclipse. About 10 minutes f o l l o w i n g LOS of 
o r b i t #542, the signals on the ten-meter band started 
to fade out. The W4's were the f i r s t t o fade out, 
although p r i o r t o t h i s time they were very strong. The 
band became very quiet except f o r a couple of W7 '-S and 
a few W6's. The band remained quiet f o r about 54 minutes. 
A f t e r t h i s length of time the band returned to normal 
w i t h the W4's coming i n very strong. The d i r e c t i o n 
and length of the "blackout" could indicate a possible 
connection w i t h the solar eclipse. The W4's being affected 
f i r s t gave us the proper d i r e c t i o n , and the length of 
time of the blackout would be the amount of time i t would 
take us to r o t a t e under and clear the area of the solar 
eclipse umbra. I t i s possible that i t would take a 
period of time f o r the ionosphere to react to the loss 
of s u n l i g h t . I t i s also possible t h a t a solar f l a r e 
occurred during t h i s time, as the sun was very active 
and several large sunspots had been observed. We checked 
w i t h the National Bureau of Standards and they said t h a t 
no solar f l a r e occurred during t h i s time. 

To conclude our observations of o r b i t #542 
during the solar eclipse, no departure from the normal 
was seen but a blackout was observed on the ten-meter 
band following the solar eclipse. 

The f i n a l active o r b i t s of Australis-Oscar 5 
received at t h i s s t a t i o n showed a rapid decay i n signal 
strength during the l a s t two days. The f i r s t poor pass 
that we received was o r b i t #578. This pass was usually 
q u i t e disturbed but of good signal l e v e l . On t h i s pass 
we only received the signal f o r 11 seconds and the 
signal was very weak. Orbit #581 was the next pass 
received. This was a near overhead pass and should 
have been qui t e strong. However, the signal was very 
weak, only about 1 or 2 dB above noise. This was the 
l a s t o r b i t of Australis-Oscar 5 received at t h i s 
s t a t i o n . We d i d attempt to receive o r b i t #587, 588, 
600, 611, 623 and 624, but nothing f u r t h e r was heard. 

"Hi to you too, l i t t l e f e l l o w ! " 
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