\é MASSACHUSETTS INSTITUTE OF TECHNOLOGY
LINCOLN LABORATORY

TO: File 2 September 1970
FROM: " P. Kale and Y. Sundararajan

SUBJECT: Telemetry Link Calculations (coherent PCM-PSK)

Initially done for worst case.

Receiver NF (Ground) 4 db

Feed losses 2  dbxx

o
Antenna temperature 1000 K=k

(¢]

System temperature 1864 K 5 300 °K

33 a1, Ko 24, 8db °K

Bandwidth 2.5 KHz 34 db Hz=* 34. 0db H=z

Noise power KTB 1660 W . 8db W
' . 8db m)

SNR &% 2. 8db 2. 8db

Carrier power referred -158. 8db ‘W =137 db m
at antenna

Ground antenna gain 20 db 52 db

Carrier powef at . 8db W db m
antenna aperture

Path loss ' : db
Polarization loss

Scintillation

Rain, cloud, etc.

Direction mismatch losses

*Not always present, only a few minutes

**See the remarks in Appendix-I
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4 GHZ

Receiver NF (Ground) 4 db
Feed losses ' 2 db*x

Antenna temperature 1000 OK**

o}

System temperature 1864 °K - K

33 db K% _8db B

Bandwidth 2.5 KHz 34 db Hzx*x* . 0db Hz

Noise power KTB -161. 6db W .8db W
. 8db m)

2. 8db . 8db

Carrier power referred -158. 8db W db m
at antenna

Ground antenna gain 20 -db db

Carrier power at . -178. 8db W ‘ db m
antenna aperture .

Bl | -168. 8db db
Polarization loss -1 db

Scintillation* . -6 db

Rain, cloud, etc. = 0

Direction mismatch losses 0

. *Not always present, only a few minutes

**See the remarks in Appendix-I
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(16) EIRP ‘ : +9 dbm

(17) \Vérst case antenna gain ok -10 db

(18) Feed losses -1 @b

(19) SC Transmitter power : 100 m W
: (20 db m)

Here the calculations are done from (1) to (6) downwards and (19) to
(8) upwards. Then the SNR is arrived at taking the processing gain of PSK.

Thus we see that SNR's for both VHF and C-band are marginal in worst
case, with error rates about 10_2.

Again, it is to be stressed that scintillation mentioned for VHF would
persist only for few minutes, in which case we will get a 8. 8 db SNR in the
worst case when the spacecraft goes to some unwanted position. -10 db as
Worst case gain for VHF TLM antennas at spacecraft, which are-fairl.y
omnidirectional due to their wavelength advantage and adequate position in
the spacecraft, are rather too pessimistic. Still, it is taken as a worst Case
design, though such a situation will not oeccur continuously.

Or when 97' dish receives C-band telemetry then we get a 6 ab advantage

over 46'. Hence it will also give a SNR of 8.8 db. (error rate 10-5)

Note: Here the calculated figures are SNR, as the processing gain of
PCM-PSK system is taken into account by considering a 2.5 KHz detection BW,
whereas the actual r-f bandwidth 60 KHz. See formula in Appendix-2.

This marginal link, which occurs for worst case suggests for looking
into some method of putting m’ore. gain to the backside of the spacecraft, so that

© an access is possible even when it looks away from ground. This can be
done by putting a horn in the backside of the spacecraft looking above under
normal circumstancés. When, in trouble, the C-band TLM transmitter
can be switched from parabolic-dish feed to earth coverage from a 100 mW
transmitter we w0u1d~ get 50.mW to each of the horns. This virtually takes
care of coverage on all sides of the spacecraft, as each horn, with 50 mW

to them, can each look into a hemisphere.







