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nRCA o

PRIMARY VOICE MODE (FM/PM) (CONT'D.,)

14.5 SUBCARRIER CHANNEL PERFORMANCE
(DEVIATION = 5.7 kHz)

1.25 MHz SUBCARRIER POWFR
FM IMPROVEMENT (8%
PEAK/RMS CORRECTION (1/2)
14.5 SUBCARRIER POWER
NOISE SPECTRAL DENSITY
NOISE BANDWIDTH (2680 Hz)
NOISE POWER

ACTUAL SNR

REQUIRED SNR

14.5 SUBCARRIER MARGIN

VALUE

-148.4 dbW
-8.4 d
-3.0 ddb

-159.8 dbW

-205.4 dbW/Hz
34.3 db Hz

-171. 1 dbW
11.3 db

8.5 d

~t2.8 dd

SOURCE

CALCULATED
CALCULATED
CALCULATED
CALCULATED
P&l SPEC

P&l SPEC

CALCULATED
CALCULATED
P&l SPEC

CALCULATED
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A.

LINK ANALYSIS

SECONDARY VOICE MODE (BASEBAND PM)

R. F. POWER

TRANSMITTER POWER OUTPUT

TRANSMIT CIRCUIT LOSSES (CABLE LOB8, VSWR,
DIPLEXER, CONNECTORS)

TRANSMIT ANTENNA GAIN (BORESIGHT)
ANTENNA POINTING LOSS (300 OFF AXIS)
EFFECTIVE ANTENNA GAIN

EFFECTIVE ISOTROPIC RADIATED POWER (EIRP)
(REQUIRED MINIMUM 12.0 &W)

SPACE LOSS (215,000 N,.MIl AND f - 2272.5 MHz)

MSFN 85 FT. ANTENNA GAIN (INCLUDES CIRCUIT
AND POLARIZATION LOSSES)

TOTAL RE:’EIVED POWER
CARRIER PERFORMANCE
MODULATION LOSS (WORST CASE)
CARRIER POWER

NOISE SPECTRAL DENSITY

NOISE BANDWIDTH (50 Hz)

NOISE POWER

ACTUAL CNR
REQUIRED CNR
CARRIER MARGIN

VA LUE

8.2 dbW
2.2 db

211.6
52.5

& &

-146.6 dW

-4.1 db
-150.7 dbW
-205.4 dbW/Hz

17.0 d Hz
~-188.4 dbW

37.7 dd
12.0 db
25.7 d

SOURCE

RCA SPEC.
CALCULATED

VENDOR DATA
VENDOUR DATA
RCA SPEC

CALCULATED

CALCULATED
P&l SPEC

CALCULATED

CALCULATED
CALCULATED
P&l SPEC
P&1 SPEC
CALCULATED

CALCULATED
P&1 SPEC
CAICULATED
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LINK ANALYSIS

SECONDARY VOICE MODE (BASEBAND PM) (CONT'D.)

VOICE PERFORMANCE

MODULATION LOSS p= 1.95 and 8 = .73 RAD)

VOICE POWER

NOISE SPECTRAL DENSITY
NOISE BANDWIDTH (3 kHz)
NOISE POWER

ACTUAL SNR

REQUIRED SNR

VOICE MARGIN

3.9-kHz SUBCARRIER PERFORMANCE
MODULATION LOSS (0.17 RAD)
3.9-kHz SUBCARRIER POWER

NOISE SPECTRAL DENSITY

NOISE BANDWIDTH (720 Hv)

NOISE POWER '

ACTUAL SNR

REQUIRED SNR

3.9-kHz SUBCARRIER MARGIN

VA LUE

~10.4 db

-157.0 dbW

-205.
34.
-170.
13.
14.

-21.
-167.
~205.

28.
-176,

x O b O o

dbW/Hz
dh Hz
dbW

db

db

db

dhwW
db/Hz.
db Hs
dbwW

8.5 db
+0.7 db

SOURCE
CALCULATED
CALCULATED
P&l SPEC
P&l SPEC
CALCULATED
CALCULATED
P&l SPEC
CALCULATED

CALCULATED
CALCULATED
P&l SPEC
P&l SPEC
CALCULATED
CALCULATED
P&l SPEC
CALCULATED
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E.

LINK ANALYSIS

SECONDARY VOICE MODE (BASEBAND PM) (CONT'D.)

5.4-kHz SUBCARRIER PERFORMANCE

MODULATION LOSS (0.19 RAD)
5.4 -kH, SUBCARRIER POWER
NOISE SPECTRAL DENSITY
NOISE BANDWIDTH (995 Hz)
NOISE POWER

ACTUAL SNR

REQUIRED SNR

5.4-kH. SUBCARRIER MARGIN

7.35-kHz SUBCARRIER PERFORMANCE

MODULATION LO8S (0.32 RAD)
7.35-kH2z SUBCARRIER POWER
NOISE SPECTRAL DENSITY
NOISE BANDWIDTH (1355 H.)
NOISE POWER

ACTUAL 8NR

REQUIRED SNR

7.35-kHz SUBCARRIER MARGIN

VALUE

-20.1 db
-166.7 dW
-205.4 dbW/Hz

30.0 db Hz
~-175.4 W

8.7 db
8.5 db
+0.2 db

-15.5 db
-162.1 dbW
~205.4 dbW/Hz

31,3 db Hz
-174.1 W

12.0
11.0 d
+1.0 db

SOURCE

CALCULATED
CALCULATED
P&l SPEC
P&l SPEC
CAILCULATED
CALCULATED
P&l SPEC
CALCULATED

CALCULATED
CALCULATED
P&l SPEC
P&l SPEC
CALCULATED
CALCULATED
P&l SPEC
CALCULATED
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G.

LINK ANALYSIS

10.5-kHz SUBCARRIER PERFORMANCE
MODULATION LO8S (0.38 RAD)
10.5-kHz SUBCARRIER POWER

NOISE SPECTRAL DENSBITY

NOISE BANDWIDTH (1939 Hz)

NOISE POWER

ACTUAL SNR

REQUIRED SNR

10.5-kH, SUBCARRIER MARGIN

14.5~-kHz SUBCARRIER PERFORMANCE
MODULATION LOSS (0,30 RAD)
14.5-kHz SUBCARRIER POWER

NOISE SPECTRAL DENSITY

NOISE BANDWIDTH (2680 Hz)

NOISE POWER

ACTUAL SNR

REQUIRED SNR

14.5-kHz SUBCARRIER MARGIN

SECONDARY VOICE MODE (BASEBAND PM) (CONT'D.)

VALUE

-14.0 db

dbw

-205.4 dbW/H>
32.9 & Hy

0
-160.6

4

9
-172.5 W

9

0

9

&

11.
11,

&

+0,

&

-16.1
-162.7 W
-205.4 dbW/Hz

34.3 db Hz
-171.1 dbW

8.4 db
8.5 db

-0.1 d

SOURCE

CALCULATED
CALCULATED
P&1 S8PEC
P&I SPEC
CALCULATED
CALCULATED
P&l SPEC
CALCULATED

CALCULATED
CALCU_ATED
P&l SPEC
P&l SPEC
CALCULATED
CALCULATED
P&l SPEC
CALCULATED




A, RF Pouwer

Transmitter Pover Output

Traznsmit Circuit Losscs (Cable loss, VSWR,
ciplexer, conncctors)

Transmit Antenna Gain (Borcsight)

Antcnna Poirting Loss (22, 2° off axis)

Effceciive Antenra Gain

Effcctive Isotropic Radiated Power (EIRP)
(Required minimum = 30,0 dBw)

Space Loss (215,000 n.mi. and f = 2272, 5 MHz)

MSFN Antcenna Gain (Includes Tircuit and
Polarization Losscs):
85-{t
210-{t

$2-%

Total Reccived Power:
§5-1t
210-ft

‘Noise Spectral Density

Predetection Noise Bandwidth (5.3 MHz)
Noise Power

Received Predetection CNR:
85-ft (required 8.0 dB)
210-ft (required 8.0 dB)

LINK ANALYSIS TV/VOICE MODE (TV FM; VOICE FM/F)M)

Valu:

9.2 dBw
2,0dB

23.5 dB
0.5 dB
23,0 B
30.2dBw

21..6 dB

52.5 dB
60.0 dB

-128.9 dBw !
-121.4 dBw -

-205.4 dBw/Hz
67.2 dB Hz
-138.2 dBw v

9.3 dB
16.8 dB

Source

RCA Snee
Calculated

Vendor data
Vendor data
RCA Spcc
Calculated

Calculated

P&I Spce,
EBG9-2004(U)

Calculated
Calculated

P&I Spec,
P&I Speec.
Calculated.

Calculated
Calculated




LINK ANALYSIS TV/VOICE MODE
(TV FM; VOICE FM/FM) (Continued)

Value Source
B. Color TV Performance (210-ft):
Received Predetection S/N 16.8 dB Calculated
Required Predetection (Threshold) S/N 8.0 dB LCRU Spec.
Predetection Circuit Margin 8.8 dB Calculated
FM Improvement (Af = 1,6 MHg) 6.0 dB Calculated
Received Postdetection S/N (1.7 MHz NBW) 25,8 dB (P/R) Calculated
Required Postdctection S/N (peak/rms) 22,0 dB LCRU Spec.
Postdetcection Circuit Margin + 3.8dB Calculated
C. Color TV Performance (85-ft):
Received Predctection S/N 9,3 dB Calculated
Required Predctection (Threshold) S/N 8.0 dB LCRU Spec.
N Predetection Circuit Margin 1.3dB Calculated
G FM Improvement (Af = 1,6 MHz) 6.0 dB Calculated
° Received Postdctection SNR (1.7 MHz NPW) 18,3 dB_ (P/R) Calculated
Required Postdetection SNR (peak/rms) 22,0 dB NASA Desired
Postdetection Circuit Margin _ -3,7dB Calculated

Note: Video bascband SI\fR based on pre-emphasis supplied in camera such that LCRU
seces flat video out to 2,0 MHz, MSFN to provide de-emphasis for video
reconstitutiona,

P/R denotes peak/rms R



LINK ANALYSIS
TV/VOICE MODE (TV FM; VOICE FM/FM) (Continued)

Value Source
D. 1.25 MHz Subcarricr Performance (85 Ft).
Recelved Predetection CNR 9.3 dB Calculated
Required Predetection (Threshold) CNR 8.0 dB LCRU Spec.
Predetection Circuit Margin +1,3 dB Calc ulated
FM Improvement 3.0 dB Calculated
Received Postdetcction SNR (48 ki z) 12,3 dB Calculated
Required Postdetection SNR 10.0 dB P&I Spec.
Postdetection Circuit Margin +2.3 dB Calculated
‘3‘1\ E. Baseband Performance*
Voice Channel Margin + 10.€6 dB Calculated
3.9 kHz Subearrier Margin + 13.3 dB Calculated
5.4 kHz Subcarricr Margin + 10,0 dB Calculated
7.35 kHz Subcarrier Margin + 8.3dB Calculated
10,5 kiiz Subcarrier Margin + 5.0dB Calculated
14,5 kHz Subcarrier Margin + 4.9dB Calculated

*Note: Since the 1,25 Mliz subcarrier postdetection circuit margin in this mode is 2,1 dB better
than for the primary voice mode the baseband margins result as shown,

]
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A&l

RF Power

Transmitter Power (10 KW)

Transmit Antenna Gain (Includes Circuit Losses)
Effective Radiated Power

Space Loss (215,000 n, mi, and f = 2101, 8 MHz)

Received Antenna Gain (Boresight)

Antenna Pointing Loss

Resultant Antenna Gain

Receive Circuit Loss

Total Received Power

Receiver Noise Temp. (incl. ant noise)

Noise Spectral Density

Carrier Predcction Signal-to-Noise:
Predetection Noise Bandwidth (530 kHz)
Noise Power
Predetection SNR

Required Predetection SNR
Circuit Margin

LINK ANALYSIS
UPLINK VOICE MODE (FM/PM)

Value
40 dBw
50,5 dB
+90.5 dBw
211.0 dB
High-Gain Low-Gain
21,5dB 9,5dB
3.0dB 14,5 dB
18.5 dB -5.0 dB (+52°)
-2.3 -2,5dB
=101, 5 -128.0 dBw
1602°K 1537°K

-196, 4 dBw/Hz

57.3
-139.1
37.6

10,0
27.6

-196, 6 dBw/Hz

57.3 dB Hz
-139, 3 dBw
11,3 dB

10.0 dB
+1,3 dB

Source

P&I Spec.
P&I Spec.
Calculated
Calculated

RCA
RCA
RCA Spec..
Calculated
Calculated
RCA
RCA

RCA Spec.
Calculated
Calculated

RCA
Calculated




LINK ANALYSIS

High-Gain

B. 124 kHz Subcarrier Performance

124-kHz Subcarrier Predetection Signal-to-Noise

FM Improvement (A f = 87 kHz) 5.7
Predetection SNR 43.2
Requirc 1 Predetection SNR (35 kHz) 10,0
Predetection Circuit Margin 33.2
124-kHz Subcarrier Postdctection SNR
FM Improvement (A f = 7.5 kHz) 10.4 dB
('\ Postdetection SNR (3 kHz) 53.6
ﬁ: Required Postdetection SNR (3 kllz) 14,0
Postdetection Circuit Margin 39.6

C. 170 kHz Subcarrier Performance
70-kHz Subcarrier Predetection SNR
FM Improvement (Af = 50 kHz
Predetection SNR (24 kH=)

Required Predctection SNR
Predetection Circuit Margin

UPLINK VOICE MODE (FM/PM) (Continued)

Value

5.7dB
17.0 dB
10.0 dB
+7,0 dB

10,4 dB
27.4 dB
14,0dB
13,4 dB

Value

6.4 dB
44.0 dB
10.0 dB

+34,0 dB

Low-Gain

Source

Calculated
Calculated
RCA

Calculated

Calculated
Calculated
P&I Spec.,

Calculated

Source

Calculated
Calculated
LCRU Spec.
Calculated



phe-o

LCRU HIGH GAIN ANTENNA
EARTH/SUN VIEW ANGLES

AAR SURFACE\

NOTE:

|I. CASE SHOWN IS PRE EARTH/SOLAR ECLIPSE WITH MAXIMUM
SOLAR ENERGY VIEWED BY ANTENNA.

2. VIEW ANGLES DENOTE CONES




“cn LCRU SYSTEM NOISE TEMPERATURES (SUN CASE)

ANTENNA GAIN

20 dB 3¢ dB 23 dB
(1) ) (3)
NOISE_SOURCE CONTRIBUTIONS |
Sun (100,000°K at S-Band) 54 1340 112
Earth (290°K at S-Band) 4 120 11
Moon (Back Spillover, 24°K) 35 35 35
(o)
o Space (4 K) 4 4 4
é‘\ Te’ total effective noise temperature: 97 1499 162

(1) No change to system temperature; negligible

(2) Adds 1150°K to system temperature of 1537°K; reduces margin by
approximately 2.5 dB

(3) No change to system temperature; negligible




RCA o cnse

For h/R > 3, and G >_3,

T, = GT
4 [(h/R) + 1] 2
h = Distance from antenna to the surface of the planet (1.50 x108 km to sun)

R = planet radius (6.96 xlO5 km, sun)

t,\ C = Antenna Gain
]
(6' T = Planetary temperature
Te = Effective Noise Temperature

Reference: ''Reference Data for Radio Engireers", ITT, Fifth Edition; p. 34-2, equ. (5).




LCRU SUBSYSTEM BASELINE

'_PlT/T"M_XM_TR___;
RCVR LPF 1.25 [ LOwW
—>1259.7 (»{CONB/ Lol 20K Hz |-palDRVR [ SHAPE MHz T MOD (4 g oy GAIN
MH: BW $CO w8 | | Exey
t [ en ||
2272.5
14.5 [} =
KHz DRVR | o Lol MHe | | s-anp
oMNI VCO | | ne | [oIPLEXER
L _ J
BATT O—— TILE 1.25 ' .
voLT MHz
SHARE SCO RCVR
VHF | TEMP SWITCH I 2101.8
TRIPLEXER MH:
W.B.
CANERA bl
MIXER RCVD
INPUT SIGNAL
= STR
['SECONDARY S-BAND RCVR T_ -:
XMTR POST | 124 RCVR
-ﬂzge.a o MXER e CLiP o c‘;(",',;';f" {— GATE [+ LPF [&{ KHz HPF 2101.8 ja—1
(\ MHz FL | DISCR MHz | |
L}
% t S | I [ |
NN
VOX AGC SQUELCH || NOISE
GATE AMP I [controL [*]sensor [*] BPF l HIGH
| I GAIN
| |
VOX VOX 1SOL 70
KEY ANP [ AMP ‘{ KHz LPF I S-BAND
BPF I
| DIPLEXER
I F P _l
¥pRIMARY RCVR IDENTICAL TO SECONDARY | | .° [raeayais )
H
BUT 70kHz OUTPUT UNUSED AND TERMINATED ouToNr rFM/:M RMIR I
0dBm | e sanw | |
| |N.8. Exc/ | |
| PA
! [rRa) |22728( |
I |




'35

RGA

LCRU SUBSYSTEM BASELINE DESIGN

Primary Down-Link FM/PM

VHF signal from EVC-1 received over Omni Antenna
VHF Receiver EVCS output combined with LCRU status data

LCRU status data baseplate temperature and battery voltage
time shares 14.5 KHz VCO

Baseband signal levels from EVCS dependent on VHF AM receiver AGC.
Voice and data channel ratios maintain track

Baseband filtered to 20 KHz bandwidth

FM Mode Voice and data baseband shaped to required FM indices, voice
channel level reduced 5 db relative to 700 Hz.

Baseband - voice and data signals frequency modulated on 1.25 MHz suh-
carrier. Baseband level set to indices requirements of subcarrier oscillator.

1.25 MHz subcarrier phase modulated on S-Band 2272., MHz carrier

Separate 1.25 MHz subcarrier oscillators employed to simplify signal
switching and minimize single point failure

Signal sthchmg provided via DC lines to individual modulators and to 1,25 MHz
subcarrier oscillators

S-Band modules and antennas hardlined to separate diplexers to avoid coaxial
switching.

VHF modules and VHF omni antenna hardlined to VHF diplexer to avoid
coaxial switching
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LCRU SUBSYSTEM BASELINE DESIGN

Secondary Down-Link PM Baseband

VHF signal from EVC-1 received over omni antenna
VHF Receiver EVCS output combined with LCRU status data

LCRU status data baseplate temperature and battery voltage time
shares 14.5 KHz VCO

Baseband signal levels from EVCS dependent on VHF AM receiver
AGC. Voice and data channel ratios maintain track

Baseband filtered to 20 KHz bandwidth

Basetand (voice-data) signal level set to required indices for PM
modulation sensitivity for S-Band Carrier

Baseband phase modulated on S-Band 2272.5 MHz carrier

Back-up mode (PM modulator of FM/PM transmitter, same modulation
configuration as secondary mode
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LCRU SUDSYSTEM BASELINE DESIGN

TV/Data Cown-Link FM/FM

VHF signal from EVC-1 received over omni antenna
VHF receiver EVCS output ecombined with LCRU status data

LCRU status data baseplate temperature and battery voltage time shares
14.5 KHz VCO

Basecband sigral levels from EVCS deperndent on VAF AM receiver AGC.
Voice and data ciannel ratios maintain track

Baseband filtered to 20 KHz bandwidth

FM mode voice and data baseband shaped te required FM indices, veoice
channel level reduced § db relative to 700 Hs

Bascband - voice and data signals froquency modulated on 1.35 MHz sub-
carrier. Baseband level set to indices reouirement of 1.33 MHz subcarrier
oscillator :

Basebhand frequency modulated on second 1.2. MHs subcarrier oscillator

Television bascband and 1.25 MHz subcarrier combined in premodulation
mixer

Compesite TV and subcarrier frequency modulated on 2272.6 MHs
carrier

FM/FM mode transmission hardlined to high gain antenns




RCGA

LCRYJ SUBSISTEM BASELINE DESIGN

o S-Dand 2101.8 MMz carrier from MSFN received via low gain or

lfp-5

high gain antenna

S-Band receiver outprut divided into two subcarriers, 124 KHz and 70 KHz
via high pass and low pass filters

124 KHz subcarrier demodulated ty eecend discriniinator
Baseband voice filtered to 3 KHz, output signal gated

Saueich cosirols baseband signal catd, as a function of out of band sub-
carrier noise

70 KHz subcarrier hardlined to ground controlled televisien assembly

Voico ascband ghares volce ccupling transformoer with other S-Band receiver
Volco bascband {s AGC'd and levcl gated by VOX

Volce clipred 12 db

Clipping nolse filtered

VHF trar;sxnizsion oparation contrelled by VOX key

Voice amglitudo modulated 70% AM for compatibility with EVCS

VHF transmitter hardlined to triplexer to avoid coaxial switching

raceived signal strength hardlined to LCRU control panel {ndicater
Transmitted to EVA-1 and EVA-2 to via VHF Antenna’






