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1. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

As a result of the analysis performed in this report, the following

conclusions and recommendations are made:

a) Except when specifically stated otherwise, (trans-
position and docking, lunar orbit, and reentry phases)
the analysis presented in this report uses the opera-
tional trajectory for mission AS- 505/CSM- 106/ LM-4,
which assumes a nominal launch date of 18 May 1969.
The analysis of launch and earth parking orbit phases
is presented for three typical launch trajectory azi-
muths: 72, 90, and 108 degrees. A launch date other
than 18 May 1969 will have a minor effect on predic-
ted launch and earth parking orbit circuit margin per-
formance. However, a change in launch date will
affect subsequent phases of the mission. The 18 May
1969 trajectory data for the transposition and docking,
lunar orbit, and reentry phases were not available at
the time of publication. The predictions for these
phases will be updated in an addendum. Should the
trajectory change significantly, the predictions pre-
sented in this report and its addendum can be updated
in near real time by means of the ISD/MSC computer
aided analysis system.

b) During the transposition and docking phase, color
television (TV) pictures of good quality can be provided
using the CSM omni/85-foot MSFN antenna combination.
CSM omni antenna A and the CDS 8 5-foot MSFN station
are recommended during this time period. The CSM
HGA (NEW)/85-foot MSFN antenna combination will
provide good quality color TV pictures during color
TV transmission periods from near-earth distances
during translunar and transearth coast periods. The
CSM HGA (NEW) antenna must be used with the CDS
210-foot antenna in order to obtain good quality color
TV pictures during color TV transmission periods
from near-lunar and lunar distances.

c) Saturn V mission data indicate that the total received
power at MIL during the Saturn V launch phase is
degraded by 40 to 50 dB as a result of flame effects
during staging and approximately 1. 5 seconds after
interstage jettison. It is anticipated that degradation
will be rapid enough to cause loss of receiver lock.
Total received power will also be degraded by approxi-
mately 20 dB as a result of launch vehicle shadowing.
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It is recommended that GBM be used as the primary
S-band receiving site subsequent to 5-degree AOS at
approximately 2 minutes after lift-off.

d) During the launch phase, CSM omni antenna B should
be used for lift-off. Antenna D should be selected
approximately 6 minutes after l if t-off for the 72- and
90-degree launch azimuth and approximately 4 minutes
after lift-off for the 108-degree launch azimuth.
Selection of these antennas will provide positive mar-
gins for S-band communications during the entire
launch phase. Station handover for the 72- and
90-degree launch should be MIL to GBM to BDA to
VAN. Station handover for the 108-degree launch
should be MIL to GBM to ANG.

e) CSM omni antenna D will provide goof communication
coverage for all station passes of greater than
5 degrees elevation for the entire earth parking orbit
phase except for the first pass over HTV for a
72-degree launch azimuth. Antenna C should be
selected for this pass. Antenna D should be selected
by ground command prior to TLI, and the spacecraft
antenna switches should be set for subsequent ground
command selection of antenna A for the CSM/S-IVB
separation maneuver during the transposition and
docking phase. Antenna A should be used from S-IVB/
CSM separation until LM spring ejection at which time
antenna B should be selected.

f) The CSM. VHF/AM system will provide voice communi-
cations with positive circuit margins for all MSFN
station passes during the launch and earth parking
orbit phases. The LEFT CSM VHF antenna should be
selected for these phases. The VHF/AM system
should be used as the primary voice communication
system during earth parking orbit for station passes
below 5 degrees elevation. After CSM/S-IVB separa-
tion during the transposition and docking phase, the
VHF/AM received carrier power at the MSFN stations
will drop considerably below the 90-percent word intel-
ligibility threshold and may not be usable.

g) Voice phasing interference can occur in the spacecraft
when one crewman listens to both VHF and USB, simul-
taneously. It is recommended that, during the launch
phase, one crewman listen to VHF and one to S-band,
with volume control thumb wheels somewhat higher
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than normal to override booster noise. It is also
recommended that the USB uplink voice be turned
down in the spacecraft during mission phases when
the VHF voice is the primary mode of communication.

h) During most of translunar coast and transearth coast
and all of lunar orbit, CSM downlink modes 1 (voice
and 51.2-kbps telemetry) and 2 (voice, 51.2-kbps
telemetry, and PRN) will not be available using the
omni antennas with the 85-foot MSFN stations because
of negative circuit margins. However, utilization
of the CDS 2 10-foot antenna will provide positive
margins for these modes with the CSM spacecraft
omni antennas out to lunar distance. Downlink PM
mode 15 (51.2 kbps telemetry and PRN) will be
available on the omni antennas to approximately
145, 000 miles from earth with the 85-foot MSFN
station. It is recommended that reliance be made
on low bit rate telemetry when omni antennas are
used during the near lunar portions of these phases.

i) During the translunar coast and transearth coast crew
rest PTC periods, it is recommended that CSM omni
antennas be used with ground command switching
instead of the CSM HGA whenever possible. This will
lessen the possibilities of not being able to dump the
contents of the DSE if difficulties are encountered in
HGA reacquisition.

j) During translunar coast and transearth coast crew
active PTC periods, it is recommended that the CSM
omni antenna switching be accomplished by ground
command or the crew be advised of the optimum
switching frequency with respect to the MSFN receivers.
If the crew performs the antenna switching on the basis
of high head set noise levels, the received carrier
power at the MSFN will usually fall below threshold
levels prior to each antenna switch.

k) FM test data analysis indicates L/M FM mode 9 (voice
and telemetry) will be satisfactory with LM steerable/
85-foot MSFN antenna combination at lunar distance.
FM capability will also exist for the CSM using the
HGA (NBW)/85-foot MSFN antenna combination. All
standard CSM FM modes using the HGA (NEW)/
85-foot MSFN antenna combination will have positive
circuit margins at lunar distance. The CSM color TV
mode, however, requires the use of the HGA (NEW)/
2 10-foot antenna combination for satisfactory picture
quality.
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1) New phase lock loop FM demodulators will be used at
85-foot MSFN stations for Apollo 10 and subsequent
missions. The demodulators have selectable two-
sided loop bandwidths of either 3. 6 MHz (narrow) or
10 MHz (wide). It is mandatory that the demodulators
be configured correctly for the various CSM and LM
FM modes for proper demodulation of the FM signals.
Section 9 of this report contains the required config-
urations for the various CSM and LM FM modes.

m) Reacquisition of range code may be required follow-
ing antenna switching operation during all mission
phases.

n) Selection of backup voice and/or low bit rate telem-
etry in the LM disables the ranging channel. In order
to provide a ranging capability when using the LM
S-band inflight antennas, it is necessary to provide a
special ranging only mode designated LM PM mode 11.
Mode 11 is selected by setting the voice and PCM
switches to the off position and by turning on the
ranging channel. At lunar distance, LM PM mode 11
will have a positive circuit margin of approximately
4 dB when using the LM S-band inflight/85-foot MSFN
antenna combination.
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2. INTRODUCTION

This report predicts the communications coverage for selected

phases of the Apollo 10 mission (AS- 505/CSM- 106/LM-4). The Apollo 10

mission will be the first lunar mission to include both CSM and LM oper-

ations. The mission consists of up to three earth parking orbits, a trans-

lunar coast, a lunar orbit period that includes approximately 31 revolutions

and a LM descent orbit to 50, 000 feet, a fast return transearth coast, and

reentry. Communication predictions are provided for the major events

and time periods listed in Table 4-1.

The analysis in this report is based on the operational trajectory

for mis sion AS-505/CSM-106/LM-4. For trajectory simulation, launch

was assumed to occur 18 May 1969 from launch complex 39B on a nominal

launch azimuth of 72, 90, or 108 degrees from true North.

The report consists principally of a series of signal stength versus

elapsed mission time plots for the MSFN, CSM, and LM receivers. The

plots contain signal strength predictions for the spacecraft S-band and

VHF/AM systems. The plots were produced by a computer program

which combined the spacecraft trajectory, measured antenna patterns,

transmitter and receiver performance characteristics, and system math-

ematical models to make a simulation of the communication system per-

formance during the mission. The results are shown in Sections 5 through

11 of this report. When available, measured spacecraft parameters were

used in the predictions; otherwise, worst case specified values were used.

Worst case specified MSFN parameter values were also used. The

antenna gain patterns were obtained from fractional or full-scale mockups

of the CSM or LM and were made at the test facilities of the Space

Electronics and Systems Division (SESD) at the Manned Spacecraft Center.

The receiver thresholds, keyholes, times of major events, 5-degree

elevation look angles, and points of closest approach to the MSFN stations

are indicated on each plot. The values for slant range between the space-

craft and the MSFN station and the MSFN antenna azimuth and elevation

angles at the point of closest approach are printed on each plot.
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The voice thresholds are defined as the values of received carrier

power that will produce the required predetection signal-to-noise ratios

for 90 percent and 70 percent word intelligibility (WT). The voice thresh-

olds are indicated by a horizontal dashed line. Only the 90 percent WI

voice threshold is shown on the VHF/AM received carrier power plots.

The updata link threshold is defined as the value of received carrier power

for a message rejection rate of 1 per 1000 or a bit error probability of

6. 6 x 10 . The downlink telemetry thresholds are defined as the value

of received carrier power which will produce bit error probabilities of

10 and 10 in the PCM telemetry output data. Telemetry thresholds

are indicated by a tick mark in the right-hand margin. The carrier

threshold for the S-band system is the required received carrier power

for receiver lock. Thresholds for PRN ranging are not shown. In cal-

culating threshold values for MSFN sites, it was assumed that all stations

employ uncooled parametric amplifiers except Ascension, Carnarvon,

Guam, Hawaii, Madrid, Canberra, and Goldstone, which have cooled

parametric amplifiers.

Keyholes and terrain obstructions are indicated by the same dot

pattern since both cause the same end result of antenna coverage lim-

itation. The MSFN antenna keyhole results from limitations placed on

the antenna motion. These limitations are imposed by a cam on the

antenna which cuts off unified S-band transmitter radiation and disconnects

the servo motors from the antenna when it is below 14 degrees in elevation

and within ±14 degrees of the north-south axis of a 30-foot antenna and

within ±14 degrees of the east-west axis of an 85-foot antenna. The above

definition of keyhole applies to all MSFN S-band sites except Bermuda

and Antigua where the elevation constraint has been reduced from

14 degrees to 6. 6 degrees by modifying the antenna mount.

The times at which the CSM high-gain antenna scan warning limits,

electrical scan limits, and mechanical limits are exceeded are indicated

on the high-gain antenna plots as ^2. j^ ^j. ra and W. JS7 , respectively.

2-2



The 5-degree elevation look angles (5 DEG), spacecraft point of closest

approach to a MSFN station (PCA), and times of major events are indicated

by a vertical dashed line and mnemonic code at the top of the plot.

Section 4 presents a list of mnemonics used to identify major events.

The report contains several appendixes which provide detailed

information on the communication systems mathematical models, perfor-

mance characteristics and capabilities, used in the preparation of this

report. Detailed MSFN station AOS/LOS data and real-time operational

aids information are also supplied in the appendixes. The real-time

operational aids augment the communications coverage contained in the

various sections of this report in that they may be used to derive useful

PM and FM S-band modes at particular spacecraft ranges from a MSFN

station during those mission phases (such as translunar and transearth

coast phases) where coverage predictions are provided for only represen-

tative portions of the phase. The operational aids illustrate S-band modes

slant-range capabilities (or range limitation) for various antenna combi-

nations.

All RF coverage plots in this report are based on trajectory data

for an 18 May launch date except the transposition and docking, lunar

orbit, and reentry phases. Plots for these phases were generated from

17 May launch date trajectory data because 18 May trajectory data were

not available at time of publication. Updated plots for these phases will

be supplied in an addendum when the required trajectory data become

available. Doppler shift plots will also be provided in an addendum when

18 May trajectory data for all mission phases become available.
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3. MISSION COMMUNICATION OBJECTIVES

The communication objectives for the Apollo 10 mission include the

demonstration of LM S-band communications with MSFN at lunar distances

with both the omni and steerable antennas and the evaluation of the

integrated communications necessary to support a lunar landing.

3. 1 LM COMMUNICATIONS AT LUNAR DISTANCE

This mission will demonstrate at lunar distance LM/MSFN S-band

communications via the steerable antenna. Test objectives include

evaluation of manual and automatic acquisition performance and evaluation

of tracking performance.

3. 2 LM OMNI ANTENNAS AT LUNAR DISTANCE

The Apollo 10 mission will evaluate LM/MSFN S-band communica-

tions at lunar distance via the omni antennas using the 85-foot MSFN

stations.

3. 3 CSM HIGH-GAIN ANTENNA REFLECTIVITY

The CSM S-band spacecraft reflectivity with the CSM/LM docked

will be assessed by using the CSM high-gain antenna in the narrow beam

width, the medium beam width, and the wide beam width while commun-

icating with 85-foot, with 30-foot cooled, and with 30-foot uncooled

receiving antennas at selected ranges.

3.4 LM/CSM/MSFN VOICE AND TELEMETRY COMMUNICATIONS

The Apollo 10 mission will demonstrate the integrated communication

systems of the CSM, the LM, and MSFN. Integrated communications test

objectives will include the following:

a) Simultaneous voice communication between the LM and
MSFN via S-band and between the LM and CSM via VHF

b) Voice conference communication between LM, MSFN,
and CSM utilizing the LM S-band steerable antenna and
the CSM high-gain antenna with MSFN acting as a voice
relay
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c) Voice conference communication between the LM, CSM,
and MSFN using VHF voice communication between the
LM and the CSM with the CSM providing voice relay to
MSFN via S-band

d) Voice communication between the CSM, LM, and MSFN
using VHF voice between the CSM and LM with the LM
providing voice relay via S-band

e) Demonstrate the capability to transmit LM voice and
low bit rate telemetry simultaneously to the CSM, to
record the LM telemetry and voice data simultaneously
in the CSM, and to dump the LM telemetry data and then
the voice data to MSFN.
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4. MISSION SUMMARY

4. 1 MISSION TRAJECTORY

The analysis presented in this report assumes the Apollo 10 launch

will occur 18 May 1969 from launch complex 39B on a nominal flight azi-

muth of 72, 90, or 108 degrees from true North. Computer plots pro-

vided for the transposition and docking, lunar orbit, and reentry phases

are based on a 17 May launch date. Plots for these phases based on a

18 May launch date will be supplied in an addendum.

Table 4-1 lists the major events for a 72-degree launch azimuth,

first injection opportunity mission profile. The launch vehicle will insert

the spacecraft into a 100-nautical mile circular earth parking orbit.

Translunar injection will be over the Pacific with ignition of the S-IVB

stage occurring on the second revolution. The nominal injection will pro-

vide a free return to earth if lunar orbit insertion is not initiated.

Within 2 hours after translunar injection, the CSM will separate

from the S-IVB, transpose, dock, and initiate ejection of the LM.

Passive thermal control will be initiated after the f irs t midcourse correc-

tion and will be maintained throughout the translunar coast except when

other activities (such as midcourse corrections) require different

attitudes.

The SPS will insert the spacecraft into a lunar orbit of approximately

60 by 170 nautical miles. After system checks are completed, the orbit

will be circularized at approximately 60 nautical miles. Two astronauts

will enter the LM and check out the LM for separation from the CSM.

After separation, the LM will perform a simulated descent orbit insertion

burn resulting in an orbit of approximately 60 by 8 nautical miles. After

the descent orbit pericynthion has been reached, a DPS phasing burn will

be performed to set up the LM active rendezvous. The LM RCS will be

used for staging, and a simulated APS insertion burn will be performed.

The LM will perform various rendezvous maneuvers that will bring it to a

position below and behind the CSM. After LM active docking and crew

transfer, the LM will be jettisoned. The LM APS engine will then be

ignited again and burned to depletion.
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Transearth injection will be accomplished with an SPS burn. The

return flight time will be approximately 55 hours. During transearth

coast, passive thermal control will be used, and midcourse corrections

will be made if required.

Prior to atmospheric entry, the command module will be separated

from the service module using the service module RCS. Splashdown will

be in the Pacific 8 days after launch.

4. 2 MSFN COVERAGE SUMMARY

Table 4-2 lists the geodetic locations and communications capabili-

ties of the MSFN ground stations. A bar graph summary of the MSFN

coverage for each mission time phase covered in this report is included

in the section covering the mission phase. Table 4-3 lists ship locations

for a 18 May 1969 launch.
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Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch

Time from Lift-off
Event

Lift-off

Staging

First S-IVB ignition

Earth orbit insertion

Trans lunar injection burn
ignition (first opportunity)

Trans lunar injection burn
cutoff (first opportunity)

CSM/S-IVB separation

Television transmission
(color)

CSM/LM docking

LM spring ejection

CSM/LM SPS evasive
maneuver

S-IVB slingshot maneuver

First midcourse correction

Begin PTC mode

Begin 8-hr rest period

End rest period

End PTC mode

Second midcourse correction

Begin high gain antenna

Mnemonic

LAUNCH

STGING

IST-IG

INSERT

1TLI-IG

1TLI-CO

SIVSEP

CLR TV

DOCKNG

LMEJET

EVADE

2ND-IG

MCC-1

BEGPTC

BEREST

ENREST

ENDPTC

MCC-2

HGAOPS

(Hr:min:sec)

00:00:00

00:02:32

00:08:45

00:11:21

02:33:33. 19

02:38:40. 08

03:00:00

03:00:00

03:10:00

04:06:00

04:28:47

04:39:00

11:33:00

12:05:00

13:00:00

21:30:00

24:45:00

26:30:00

26:50:00

(day:hr:min:sec)

00:00:00:00

00:00:02:32

00:00:08:45

00:00:11:21

00:02:33:33.19

00:02:38:40. 08

00:03:00:00 "

00:03:00:00

00:03:10:00

00:04:06:00

00:04:28:47

00:04:39:00

00:11:33:00 -i

00:12:05:00

00:13:00:00

00:21:30:00

01:00:45:00

01:02:30:00

01:02:50:00

?
o

'T
3

M

O

H

i

H

O

operation

S-band reflectivity test S-BAND 26:50:00 01:02:50:00
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Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)

Time from Lift-off
Event

Television transmission
(color)

Begin PTC mode

Begin 9-hr rest period

End rest period

End PTC mode

Begin PTC mode

End PTC mode

Third midcourse correction

Television transmission
(color)

Begin PTC mode

Begin 10-hr rest period

End rest period

End PTC mode

Fourth midcourse correction

Television transmission
(color)

Lunar orbit insertion burn

Lunar orbit circularization
burn

Television transmission
(color)

LMP intravehicular transfer
to LM

LMP intravehicular transfer

Mnemonic

CLR TV

BEGPTC

BEREST

ENREST

ENDPTC

BEGPTC

ENDPTC

MCC-3

CLR TV

BEGPTC

BEREST

ENREST

ENDPTC

MCC-4

CLR TV

LOI-1

LOI-2

CLR TV

IVT-LM

IVTCSM

(hr:min:sec)

27:15:00

27:25:00

34:00:00

43:00:00

44:50:00

45:15:00

52:45:00

53:45:00

54:00:00

54:20:00

58:00:00

68:00:00

69:35:00

70:45:00

72:20:00

75:45:00

80:10:00

80:45:00

81:50:00

83:45:00

(day:hr:min:sec)

01:03:15:00

01:03:25:00

01:10:00:00

01:19:00:00

01:20:50:00

01:21:15:00

02:04:45:00

02:05:45:00

02:06:00:00

02:06:20:00

02:10:00:00

02:20:00:00

02:21:35:00

02:22:45:00

03:00:20:00

03:03:45:00"

03:0,8:10:00

03:08:45:00

03:09:50:00

03:11:45:00

H

0

F

O

to CSM
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Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)

Time from Lift-off
Event

Begin 8-hr rest period

End rest period

LMP intravehicular transfer
to LM

CDR intravehicular transfer
to LM

Secondary S-band T/R and
power amplifier checks

S-band steerable antenna
checks

LMP intravehicular transfer
to CSM

LMP intravehicular transfer
to LM

Switch to S-band steerable
antenna

Undock

Television transmission
(color)

CSM separation

Rendezvous radar (RR) and
VHF ranging checks

Landing radar test

LM DPS descent orbit
insertion burn

Initiate RR tracking

Terminate RR tracking

Mnemonic

BEREST

ENREST

IVT-LM

IVT-LM

SECCHK

STEERA

IVTCSM

IVT-LM

SWSTEE

UNDOCK

CLR TV

CSMSEP

RR/VHF

LDGRDR

DPSDOI

RR-ON

RR-OFF

(hr:min:sec)

84:45:00

92:15:00

94:30:00

94:55:00

95:05:00

95:10:00

95:15:00

95:45:00

96:55:00

98:10:00

98:15:00

98:35:16

98:51:00

99:25:00

99:33:59

99:37:00

99:45:00

(day:hr:min:sec)

. 03:12:45:00~

03:20:15:00

03:22:30:00

03:22:55:00

03:23:05:00

03:23:10:00

03:23:15:00

03:23:45:00

04:00:55:00

04:02:10:00

04:02:15:00

04:02:35:16

04:02:51:00

04:03:25:00

04:03:33:59

04:03:37:00

04:03:45:00

0
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Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)

Event

LM descent orbit
pericynthion

LM DPS phasing burn

Initiate RR tracking and
and VHF ranging

Terminate RR tracking

Initiate RR tracking

Terminate RR tracking

Initiate RR tracking

Terminate RR tracking

LM RCS staging

LM APS insertion burn

Initiate RR tracking

LM RCS CSI

LM RCS plane change

LM RCS CDH

LM RCS TPI

First LM midcourse
correction (RCS)

Second LM midcourse
correction (RCS

LM TPF

Rendezvous

LM active docking

Mnemonic

PERICN

DPSPHA

RR-ON

RR-OFF

RR-ON

RR-OFF

RR-ON

RR-OFF

RCSSTG

LMNSRT

RR-ON

LM-CSI

LM-PC

LM-CDH

LM-TPI

LMCC-1

LMCC-2

LMTPF

RENDEZ

. LMDOCK

Time
(hr:min:sec

100:31:13

100:46:21

100:52:00

100:57:00

101:15:00

101:26:00

102:09:00

102:21:00

102:33:18

102:43:18

103:01:00

103:33:46

104:01:42

104:31:44

105:09:00

105:24:00

105:39:00

105:48:00

105:54:00

106:20:00

from Lift-off
) (day:hr:min:sec)

04:04:31:13"

04:04:46:21

04:04:52:00

04:04:57:00

04:05:15:00

04:05:26:00

04:06:09:00

04:06:21:00

04:06:33:18

04:06:43:18

04:07:01:00

04:07:33:46

04:08:01:42

04:08:31:44

04:09:09:00

04:09:24:00

04:09:39:00

04:09:48:00

04:09:54:00

04:10:20:00

I-1
•hd
o
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Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)

Time from Lift-off
Event

CDR intravehicular transfer
to CSM

LMP intravehicular transfer
to CSM

Jettison LM

Television transmission
(color)

LM APS burn to depletion

Begin 9-hr rest period

End rest period

Begin landmark tracking
(four revolutions)

End landmark tracking

Begin 3 1/2-hr rest period

End rest period

Transearth injection burn

Television transmission
(black and white)

Begin PTC mode

Begin 5 1/2-hr rest period

End 5 1/2-hr rest period

End PTC mode

Fifth midcourse correction

Television transmission

Mnemonic

IV T CSM

IVTCSM

JETTLM

CLR TV

LMAPSD

BEREST

ENREST

BELDMK

ENLDMK

BEREST

ENREST

TEI

B&W TV

BEGPTC

BEREST

ENREST

ENDPTC

MCC-5

CLR TV

(hr:min:sec)

107:09:00

107:24:00

108:09:23

108:35:00

108:39:00

109:00:00

118:00:00

121:00:00

128:00:00

128:40:00

131:50:00

137:20:00

137:45:00

138:50:00

140:30:00

146:00:00

150:20:00

152:20:00

152:35:00

(day:hr:min:sec^

04:11:09:00 "

04:11:24:00

04:12:09:23

04:12:35:00

04:12:39:00

04:13:00:00

04:22:00:00

05:01:00:00

05:08:00:00

05:08:40:00

05:11:50:00 .

05:17:20:00"

05:17:45:00

05:18:50:00

05:20:30:00

06:02:00:00

06:06:20:00

06:08:20:00

06:08:35:00-

f
•TJ
O

H
• W
O

(color)
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Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)

Event Mnemonic

Begin PTC mode BEGPTC

Begin 9-hr rest period BEREST

End rest period ENREST

End PTC mode ENDPTC

Begin PTC mode BEGPTC

End PTC mode ENDPTC

Begin PTC mode BEGPTC

End PTC mode ENDPTC

Begin PTC mode BEGPTC

End PTC mode ENDPTC

Sixth midcourse correction MCC-6

Begin PTC mode BEGPTC

Begin 8-hr rest period BEREST

End rest period ENREST

End PTC mode ENDPTC

Television transmission CLR TV
(color)

Seventh midcourse MCC-7
correction

CM/SM separation SM SEP

Time from Lift-off
(hr:min:sec) (day:hr:min:sec)

152:50:00 06:08:50:00

154:00:00 06:10:00:00

163:00:00

164:53:00

165:30:00

167:13:00

168:00:00

171:03:00

171:45:00

174:15:00

176:50:00

177:20:00

179:00:00

186:00:00

186:30:00

186:50:00

188:50:00

191:35:00

06:19:00:00

06:20:53:00

06:21:30:00

06:23:13:00

07:00:00:00

07:03:03:00

07:03:45:00

07:06:15:00

07:08:50:00

07:09:20:00

07:11:00:00

07:18:00:00

07:18:30:00

07:18:50:00

07:20:50:00

07:23:35:OOJ

-M
O

Entry interface ENTRY 191:50:32

Enter S-band blackout period BLKOUT 191:50:58

0. 05 g 0. 05 G 191:51:02

07:23:50:32

07:23:50:58

07:23:51:02
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Table 4-1. Sequence of Key Events for 72-Degree Launch Azimuth,
18 May 1968 Launch (Continued)

Event

Peak g

Exit S-band blackout period

Drogue chute deployment

Main chute deployment

Splashdown

Time from Lift-off
Mnemonic (hr:min:sec) (day:hr:min:sec)

PEAK G 191:51:56 07:23:51:56'

BLKOUT 191:53:58

DROGUE 191:59:04

MAIN 191:59:54

SPLASH 192:04:47 08:00:04:47

07:23:53:58

07:23:59:04

07:23:59:54

a
3
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5. LAUNCH

5. 1 INTRODUCTION

The launch phase covers, the pej-iod from, lift-off through orbital

insertion. Communications predictions and recommendations are pro-

vided for nominal launch azimuths of 72, 90, and 108 degrees for an

18 May 1968 launch.

The following communications recommendations are contained in

this section:

a) One crewman listen to S-band voice only and one crew-
man listen to VHF /AM voice only.

b) Use S-band antenna B at lift-off. Select antenna D at
approximately 6 minutes after lift-off on 72- and 90-
degree launch azimuths and at approximately 4 minutes
after lift-off on 108-degree launch azimuth.

c) Use GBM as primary S-band receiving site during
staging.

d) Use LEFT CSM VHF antenna for the entire launch
phase.

e) Handover MIL to GBM to BDA to VAN on 72- and 90-
degree launch azimuths. Handover from MIL to GBM
to ANG on 108-degree launch azimuth

5. 2 BASIC COMMUNICATION CONFIGURATION

The basic communication configuration to be used during the launch

phase is shown in Figure 5-1. This configuration consists of both VHF/AM

and S-band communications between the CSM and MSFN.

The S-band system will provide full PM uplink and downlink com-

munications. Full uplink (PM mode 6) consists of voice, updata, and

PRN ranging. Full downlink (PM mode 2) consists of voice, HBR teleme-

try, and PRN ranging. The S-band system FM downlink will also be avail-

able for playback of the contents of the data storage equipment (DSE) which

will be in operation during the launch phase and may be dumped at a later

time.
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CSM

USB {'

UPLINK

VOICE
UP DATA
PRN

PM
DOWN

VOICE
TLM
PRN

DOWN

DSE 296.8
MHz
VOICE

259.7MHz
VOICE

VHP

MSFN

NOTES: 1. ALL AUDIO CENTERS HAVE VHP AND S-BAND VOLUMES UP
2. S-BAND SQUELCH ENABLED
3. VOICE TRANSMITTED SIMULTANEOUSLY ON S-BAND AND VHP
4- VHP DUPLEX B WILL BE SELECTED FOR LAUNCH OPERATIONS

Figure 5-1. Basic Communication Configuration for Launch Phase
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The VHF/AM system will be operated in the Duplex B mode; i. e. ,

uplink voice will be transmitted on 296. 8 MHz, and downlink voice will be

transmitted on 259- 7 MHz.

Voice will be transmitted simultaneously on S-band and VHF/AM.

All audio centers will have VHF/AM and S-band volumes turned up. In

order to avoid voice phasing effects within the spacecraft, it is recom-

mended that one crewman listen to S-band voice only and.one crewman

listen to VHF/AM voice only. . . •.• • - •

5. 3 RF COVERAGE SUMMARY '

A bar graph summary of RF communications coverage for the three

launch azimuths is given in Figure 5-2. The bar graph shows AOS/LOS

times, recommended spacecraft antenna selections, and recommended

handover sequence. The spacecraft recommendations are based on the

following criteria and in this order of precedence:

a) Antennas which provide the largest positive circuit
margin (carrier power above the 70 -percent WI voice
threshold and 10"^ BEP telemetry threshold on S-band
downlink and carrier power above 90-percent WI voice
threshold on VHF/AM downlink).

b) Antennas which allow minimum spacecraft switching.

Computer plots of received carrier power versus elapsed time from

lift-off (Figures. 5-3 through 5-18), for the three launch azimuths are

furnished for each station providing S-band or VHF./AM coverage. A plot

is provided for each pair of diametrically .opposite CSM S-band omnidirec-

tional antennas (i. e. , A and C, B and D) for both uplink and downlink

signals. A plot is also provided for the two CSM VHF/AM scimitar

antennas for both uplink and downlink signals. The letters L and R are

used on the bar graphs and VHF/AM plots to designate the CSM VHF LEFT

and RIGHT antennas. The plots are shown in the order of station coverage

and the VHF/AM and S-band plots are grouped for each station. Section 2

presents a complete description of the RF coverage computer plots pro-

vided in this document.

Uplink mode 6 (PRN ranging, voice, and updata) and downlink mode 2

(PRN ranging, voice, and 51. 2-kbps telemetry) were used for the S-band

computer plots during the launch phase of the mission.
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Figure 5-2. RF Coverage for Launch Phase
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5.4 S-BAND PERFORMANCE

The S-band received carrier power versus elapsed time from lift-off

plots for the three launch azimuths indicate that the received carrier power

can be maintained above the 90 percent WI voice threshold and the 10

BEP telemetry by selecting the antennas shown in Figure 5-2.

A problem during the launch phase is the degradation of the received

carrier power resulting from the flame attenuation during staging and

approximately 1. 5 seconds after interstage jettison. Flame attenuation

occurs when the radio signal passes through the rocket engine plume and

is attenuated by the ionization produced in the exhaust plume. Based on

the postflight analysis of previous Saturn V flights, the maximum amount

of degradation resulting from flame attenuation is expected to be approxi-

mately 40 to 50 dB, and it is anticipated to be rapid enough to cause loss

of receiver lock.

Another problem is the degradation of received carr ier power

due to launch vehicle shadowing. Shadowing occurs when the MSFN to

spacecraft line of sight falls within 7 degrees of the launch vehicle -X axis.

The amount of degradation expected based on previous Saturn V flights is

approximately 20 dB. Received carrier power levels on the computer

plots do not reflect flame attenuation or shadowing. These areas are

indicated by shading on the plots for the affected stations.

Flame attenuation and shadowing will affect the MIL station only;

therefore, GBM is recommended as the primary S-band receiving site

during staging. Handover from MIL to GBM should be attempted prior to

staging. No antenna keyhole or terrain obstruction will be encountered

during the launch phase.

5. 4. 1 72-Degree Launch Azimuth

S-band communication coverage for the 72-degree launch azimuth is

provided by MIL, GBM, BDA, and VAN. Antenna selections for these sta-

tions are shown in Figure 5-2, and the received carrier power will be

above voice and telemetry thresholds if the indicated antennas are selected.
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During the launch countdown antenna C can be expected to exhibit

pattern distortion due to close proximity to the white room. This pattern

distortion is not reflected in the received carrier power plots. Antenna B

should have the least pattern distortion due to launch tower proximity and

•will provide good communication coverage at lift-off; therefore, antenna B

should be selected for the S-band coverage during launch countdown and at

lift-off. Antenna D should be selected at approximately 6 minutes after

lift-off and prior to handover from GBM to BDA. Antenna D will provide

good communication coverage for the first S-IVB ignition. The selections

of antennas B and D for a 72-degree launch azimuth have proven satis-

factory on previous missions.

5. 4. 2 90-Degree Launch Azimuth

S-band communication coverage for the 90-degree launch azimuth is

provided by MIL, GBM, BDA, ANG, and VAN. Antenna selections for

these stations are shown in Figure 5-2.

Antenna B will provide good coverage for lift-off. It is recommended

that antenna D be selected for BDA and subsequent stations. The hand-

over and antenna switching should occur at the same time as for the

72-degree launch azimuth.

5.4.3 108-Degree Launch Azimuth

Communication coverage for a 108-degree launch azimuth is pro-

vided by MIL, GBM, BDA, and ANG. Antenna B will provide good com-

munications coverage at lift-off. Antenna B exhibits considerable signal

fluctuation on the received carrier power plot for GBM (Figure 5- l6f )

between 4 minutes and 6 minutes. Antenna D should, therefore, be

selected at approximately 4 minutes after lift-off and used for remainder

of launch and EPO phase.

Above threshold communication performance can be maintained by

handover from MIL to GBM to ANG. In order to avoid terrain obstruction

problems, handover from GBM to ANG should be initiated approximately

8 minutes after lift-off and before the look angle at GBM falls below

5 degrees.
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5.5 VHF/AM PERFORMANCE

Figure 5-2 indicates the recommended VHF antenna selections for

the stations covering the three launch azimuths. The carrier power will

remain above the 90 percent voice word intelligibility threshold for the

entire launch phase for all three launch azimuths. The LEFT CSM VHF

antenna will provide the best coverage throughout the launch phase for the

72-, 90-, and 108-degree launch azimuths.

The VHF/AM signal levels at MIL, and CNV will be affected by

flame attenuation and shadowing during the launch phase.

5-7





This page intentionally left blank.



CSM S-BAND

PCA PARAMETERS. AZI O8.23
ELV -1.511
RANGE-7. S

THRESHOLD FOR 90 PERCENT WORD
INTELLIGIBILITY = -105.3 dBm

THRESHOLD FOR MESSAGE
REJECTION RATE OF 1 PER
1000 (6.6 x 10-6 BEP) = -105.3 dBm

SHADOW EFFECT

-83
ttio 0:08 0:09 aio0:02 0:03 0:04 KOS (COS 0:07

ELAPSED TIME FROM LIFT-OFF (HR.'HIN)

F IGURE 5-3a. MIL UPLINK MODE 6. MSFN/CSM. S-BANO. OMNI
CSH/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
R E C E I V E D C A R R I E R POKER VERSUS ELAPSED T I M E FROM L I F T - O F F

i
£
I

-100

-no

L-L-LI I I IN
THRESHOLD FOR 10"4 PROBABILITY
OF BIT ERROR = -110.8 dBm

THRESHOLD FOR 90 PERCENT
WORD INTELLIGIBILITY = -114.1 dBm

fcoo 0:01 0:06 a o?
CHR:MIN)

a 08 0:09 KIOK 02 ft 03 0:04 ftW

ELAPSED TIME FROM LIFT-OFF

FIGURE 5-3b. MIL ONLINK MODE 2. CSM/MSFN. S-BANO. OMNI
CSM/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

5-8



CSM S-BAND

u

I

PCA
ELV «i.5i
RANGE --7. 6

J-LLU-UXIJJLL
I THRESHOLD FOR 90 PERCENT WORD
' INTELLIGIBILITY = -105.3 dBm

r— THRESHOLD FOR MESSAGE
REJECTION RATE OF 1 PER
1000 (6.6 x 10-6 BEP) = -105.3 dBm

(too fcoi 0:02 0:03 0:04 0:05 0:06 0:07 0:08 0:09 0:10
ELAPSED T1HE FROM LIFT-OFF CHRIMIN)

F IGURE 5 -3c . MIL UPLINK MODE 6. M S F N / C S M . S - B A N O . OMNI
C S M / S - I V B . LAUNCH C 7 2 D E G R E E ) . A P O L L O 1 0
R E C E I V E D C A R R I E R P O W E R V E R S U S E L A P S E D T I M E F R O M L I F T - O F F

-30

-50

-60

g -70

-80

-90

-100

-no

ULLLLLLLULLL
THRESHOLD FOR 10 PROBABILITY
OF BIT ERROR = -110.8 dBm

THRESHOLD FOR 90 PERCENT
WORD INTELLIGIBILITY = -11.4.1 dBm

SHADOW EFFECT

0:00 0:01 0:09 0:100:02 0:03 O:M 0:05 o:oe 0:0?
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

F I G U R E 5-3d. MIL DNLINK MODE 2. CSM/MSFN. S-BANO. O M N I

CSH/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

5 -9



CSM VHF/AM

-45

§
-55

-75

-85

-95

-105

-115

PC* PARAMETERS. AZ| .38.25
ELV «1.5I1
RANGC'7.6

o 2
8 /

F AME EFFECT

(too 0:01 (£08 a 09 0:10a 02 0:03 0:04 nos aos ao?
ELAPSED TIME FROM LIFT-OFF CHRIHIN)

FIGURE 5-3e . NIL UPLINK. HSFN/CSM. VHF/AM. SM A N T E N N A S
CSH/S- IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

0:00 (KOI 0-.08 0:09 aioa 02 0:03 0:04 0:05 0:06 K07
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 5-3f. MIL DOWNLINK. CSM/MSFN. VHF/AM. SM ANTENN
CSM/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

5-10



CSM VHF/AM

PCA PARAMETERS. *ZI '-10.87
ELV -2.052
RANGE'7.7

-115
fcOO ttOI 0:02 0:03 tt04 0:05

ELAPSED TIME FROM LIFT-OFF

K08 K09 OMOR06 tt07

C H R r M I N )

FIGURE 5-4a. CNV UPLINK. HSFN/CSM. VHF/AM. SM ANTENNAS
CSH/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS EL APSED TIME FROM LIFT-OFF

I
3

-45"

-55

-65

o

o

o

*->/>

|

I-"'
«
u
|-85

-95

-105

-115

-125

FLAME EFFECT

a oo aoi a 02 0:03 KM ftos KOS ao? aos 0:09 0:10
ELAPSED TIME FROM LIFT-OFF tHRIMIN)

F I G U R E 5-4b. CNV D O W N L I N K . CSM/MSFN. V H F / A M . SM A N T E N N
CSM/S- IVB . LAUNCH (72 D E G R E E ) . A P O L L O 10
RECEIVED C A R R I E R P O W E R V E R S U S E L A P S E D T I M E FROM L I F T - O F F

5-11



CSM S-BAND

PCA PARAMETERS. AZI .-23.15
ELV • M.5I
RANGE.158

R
E

C
E

IV
E

D
 C

A
R

R
IE

R
 

P
O

M
E

R
(D

B
M

)

3
 

* 
8
 

a
 S

 
3

 
ft
 

S

E « O • O
« ' O 2 O ~

s !S 13 < S ^c •- w </>j «•> >/* ft r> —

- -• -

f
*

1

AJ1
iL

«
j
•

1*
J

•i
!

V*

n
k

11

A.

fl

rt

'

f

'L

I

i

"V

1II

J1

"L

^

S

*J

n

.̂

S1

.

A

J>

rj

c

A

|X Y-

r

^

>r

S

1i

i

f-

t-j.

i

*~

: :.:

j

• r
If

1

\
I

^9

'Q

1

1

*(

p(

, A

T

T

*l

([

fB6

0:00 teOl ft 02 0:03 0:04 0:05 ttos 0:07 teoa 0:09 ftio
ELAPSED TIME FROM LIFT-OFF (HRZMIN)

FIGURE 5-5o. 6BM UPLINK MODE 6. HSFN/CSM. S-BAND. OMNI
CSM/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVE? CARRIER POXER VERSUS ELAPSED TIME FROM LIFT-OFF

i

-50

-CO

i-"
i-
ac
bl

I*
£-100

-110

1 9fl

5 o S o 2
f liJ ** LjJ I
> O «9 < O >-

V *"

—

_.

^ *

A

™

C

'I

* *T

1

j
j

J

V

J\f

Sr

flj

11

VI

rU

'

ni

**^
V.

n

P
J

i

\

f

1 -

1

a
A

Inu

•*

""

•*.

^*

J

•-«.

1L,

1

r

I
/

u

\T

i

\j

\ ~*\11

nr

T.

90

/o

rfl

f

^(

"c

Si-

T

T

A

VI

MI

^°
»

B
IT

 
ER

R
O

R
 P

R
O

B
A

B
IL

IT
Y

0:00 ftOi 0:02 0:03 (KM 0:05 0:06 0:07 0:09 0:09 aio
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 5- 5b. 6BM DNLINK MODE 2. CSM/MSFN. S-BANO. OMNI
CSN/S-IVB. LAUNCH C72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

5-12



CSM S-BAND

PCA P«RAM£IERS. AZI --23. 15
ELV -M.51
RANGE-158

• o

R
E

C
E

IV
E

D
 C

A
R

R
IE

R
 P

O
V

E
R

(D
B

M
)

i 
i

,5
 

5 
a 

a 
a 

s 
a 

a 
a.

.. _

s a o < B ^
C •- 0 >f>
j ft </> S m —

•-

B

1

y

JH

I

r
^^

•\_

-

«*

1

1

(U

I/U

/

n
"I

K1

i r
^1

^

—
Lr-

(I

-•
•—•

V

^>

fJ

4 ,̂

Lr
D n

-,

L,

L<

-1

1

L,

L.

V-

1

[vj

!

rJ
1]

^

>

^

If

t

ij

^

-

!

n-k
\

^

»>

*(

70|!»(

•i :

...

r

T M

r ^i

1

>

-J
ffi
m
o
cr
a

cr

^
m

oo KOI 0:02 0:03 0:04 0:05 0:06 a 07 a oa 0:09 0:10
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 5-5c. 6BM UPLINK MODE 6. MSFN/CSM. S-6ANO. OMNI
CSM/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM LIFT-OFF

R
E

C
E

IV
E

D
 

C
A

R
R

IE
R

 
P

O
V

E
R

(D
B

H
)

i 
i

••
 
•
-
 

i 
»

 
i 

i 
i

—
 

o 
10

 
oo

 
«j

 
at

 
m

0
0

0
0

0
0

0
.

-120

c • g o
J O I O —
• W -- ui i
> o o < B *•: >- LJ (/i
j o i/» a o —

,.
' —

D

y

X

-

i-

1— •

J

i

.-v

rj

-

L%-

1

H1

A

i_r

rtrfi

-A

i r

J

0

--*

_f

"

— ̂

1
L

V-,

VJ

B

n

p-,

In
1

D "{

L

P

-*r X,

p-

V.

•i
U

\

^

^J

^

•v

,̂

-rt

1J-

^L

f
r

90

70

f

P(

•Pi

I-

(V

T

I

B

D

'I

Ml

.

>•

_j

CD

CD

I06c!

!0"3O
cr
cr
UJ

m

Os 00 0:01 0:02 0:03 fc04 0:05 0:06 0:0? 0:08 0:09 0:10
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 5-5d. 6BM DNLINK MODE 2. CSM/MSFN. S-BAND. OMNI
CSM/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

5-13



CSM VHF/AM

o 8
g 3

PCA PARAMETERS. AZI --23.09
ELV -14.43
RANGE-157

2
g ^

-60

§*"* -70

£ .en

t -9090

o

g
-IOO

8

-i 10

L

L
H
11

R1

^

|

r"r

>
/
I1

L

•
•
!

•

j!
fu

i
•

:
i
*

•

"

f

f

\\

-v

,I,1I

/-

r

±,

r
R

-r -^«

^*-

|̂

s•**

%
•*-.

L.

w

•*̂ ,

/^.
V

^
'—
^

I

M i ; r-t 1 / I

(too KOI 0:08 0:09 ftiote02 a 03 K04 0:05 0:06 a 07
ELAPSED TIME FROM LIFT-OFF • CHRZHIN)

F I G U R E 5-5e. 6BI UPLINK. HSFN/CSH. V H F / A M . SM A N T E N N A S
CSH/S- IVB. LAUNCH (72 DEGREE) . APOLLO 10
R E C E I V E D C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

j
<

-60

-70

tc

g -90

£
§-100

$-110
u

-120

-130

tt

J o S 2
» Ijj <M hi *

? s e s =5 ,
j K^ tfl a. •"> ~*

L

^

h

r

_j [r

^

^ L

J

j

V

r

/"

A

~v

fSI

,.

r

^ j-
,

JR

H

•-• •~)
^*-̂ ,

•v
\»

»>.
•**.

r*

V

lr-
^ "™* ^-

j*«

-N

»
R

nr

1

*»
_ -

00 ftOl R02 0:03 0:04 0:05 tt06 0: 07 0:08 0:09 KtO
ELAPSED TIME FROM LIFT-OFF (KRIMIN)

F IGURE 5 -5 f . 6BI D O W N L I N K . CSM/MSFN. VHF /AM. SM A N T E N N
CSM/S- IVB. LAUNCH (72 D E G R E E ) . A P O L L O 10
RECEIVED C A R R I E R POKER VERSUS ELAPSED T IME FROM L I F T - O F F

5-14



CSM VHF/AM

PC* PARAKETEPS. »Zl -174.6
ELV •?r.9i

|05

-55

I'"
K

&

* -85

o

-105

-125
tt

0 £ 5 o
W 1 bj Ul
O *- < g O

1^ it j*

•-

Li-

R

^

_—

J

**

"

-
**

VI

X

y

/

.

r^

L

^

\

[\
V s

\
s ^

^v
^

^

J

3

^

*•—

• —
r~
R

MO VI T" >T

04 0:05 0:06 «07 0:08 0:09 ttlO O-.ll 0:12 Cr.13 Cr. 14

ELAPSED TIME FROM LIFT-OFF (HRtMIN)

FIGURE 5-6o. BOA UPLINK. HSFN/CSH. VHF/AM. SM ANTENNAS
CSH/S-IVB. LAUNCH (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-65

^

i
K

jB -85

'

I -JJ

w ln.>-105

-115

-125

*

'•

L

7

^

'

1

.— •

§
0

p*— -

r '

^

~*

**

-^

•̂

•**

,

kii

X

J/
^
V

1
»- 4
Ul<-
— a

If
<f

i>!i

i

L

'A
R

\1

XI
V \

s \k.
^
px

0
h

\

~^

' C

:*
- tr

i
]

'-. ^ R

n, *- ,,

0:M 0:05 0:12 0:13 o:M0:08 (K - ; ccos 0:09 KIO ceil
ELAPSED TIKE FROM LIFT-OFF (HRIMIN)

FIGURE 5-6b. BOA DOWNLINK. CSM/HSFN. VHF/AM. SM ANTENN
CSM/S-IVB. LAUNCH C72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

5-15



CSM S-BAND

PCA O. AZI "174.6
ELV -72.91
RANGE* ID?

-30

-40

ac

£
|-70

hiu
£

-90

-100

-110
ft

o — « o
O »- < u* Cl

c'

A.

•-

>•«

-•

^*

•r

p«-"

' ""

f
£

-—

~ '

\rv

.fff

-— '

"

-—

"""V

~ •

*••-

•"

^>

' L

•V

^

"

U

^
I

/<
Af

r

A

:
i

i/ \

i 1

''At

•

|

:

^v

_»_
rl

Î
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Ĥ»

/

_D

B

—
90

70

CA

0:12

P(

P(

?R

T

I

ER

Li
Ml

o:i3

g
cr
cr
UJ

CD

0:14
ELAPSED TIME FROM LIFT-OFF (HR:MIN)

F I G U R E 5 - l l d . BOA ONLINK MODE 2. C S M / M S F N . S - B A N D . OMNI
C S M / S - I V B . LAUNCH (90 D E G R E E ) . A P O L L O 10
R E C E I V E D C A R R I E R P O W E R V E R S U S E L A P S E D T I M E FROM L l r T - Q F F

5-29



CSM VHF/AM

o
g

PC* PARAMETERS.

o or
o u<

AZI '-I7I.4
ELV «16.15
RANGE-313

-CO

-70

-80

u
o
:_ioo

-no

-120

-130

\ 7

in

0:04 (tw KI2 a 13 a M(tos a o? IKOS 0:09 0:10 an
ELAPSED TIME FROM LIFT-OFF CHRIHIN]

F IGURE 5- l le . BOA UPLINK. HSFN/CSH. V H F / A M . SH A N T E N N A S
CSn/S- IVB. LAUNCH (90 DEGREE) . A P O L L O 10
RECEIVED C A R O . E R POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-65

-75

I ~n

i ~n
S
Z-I05

u

!.,»
u

* -125

-135

4fl O 7
r» — a r* —

r

• •

i
T

^« -̂ .
,

/-
j-

/
-V

1f

-/
\^
.̂

R

jn

L

\

A

-^V
~\

/-

=v

•*«.
•^^

\ *•
-

--^

sR

— ̂L

qr r »- H-

0:04 o:os a 06 no? uoa ao9 0:10 KM a 12 cm fcu
ELAPSED TIME FROM LIFT-OFF (HRtMIN)

F I G U R E 5 - l l f . BOA DOWNLINK. CSM/MSFN. V H F / A M . SM A N T E N N
CSM/S- IVB . LAUNCH (90 D E G R E E ) . A P O L L O 10
RECEIVED C A R R I E R P O W E R VERSUS E L A P S E D T I M E FROM L I F T - O F F

5-30



CSM VHF/AM

PCA PARAMETERS. »Z1 -10.69
ELV «S. 076
RANGE-592

-6?

§ n

ce

I ~n

cc

u
o
£-105

-IIS

-125

-135
ft

•- -• - •-

^

nlu
\4 n

R
r/

1

u.

fI

if
••

J
•}
A

Jj

*̂f

•-

i

!

^

4"
-•

JL

S
1

-

f

n

•u,

k
•-H -

*•••-

y
•-

L

R

- • - •- -• - • ~T •-Lj -

oe a 07 a 08 0:09 mo nu 0:12 nt3 «u nis ttie
ELAPSED TIME FROM LIFT-OFF CKRIMIN)

F I G U R E 5 -12a . ANT UPLINK. MSFN/CSM. V H F / A H . SM A N T E N N A S
CSM/S - IV8 . LAUNCH (90 D E G R E E ) . APOLLO 10
R E C E I V E D C A R R I E R P O W E R V E R S U S ELAPSED T IME FROM L I F T - O F F

8

^
bi

O •- -' - ••

-v

nu

Ri
i

r
cI/

^

in

R

1

-f
>

,/

\

a
t
if

L

>
i
i <
.*?

f

\

0

^

>r

*

J\.

h
-

<i

r

|
•-

S

T_

-\ "̂

/

•-

L

T
-• - • - -• - • - - • - -

0:06 a 07 K15 0:160:09 K09 nio nil ni2 0:13 ft
ELAPSED TIKE FROM LIFT-OFF CHR:M!N)

FIGURE 5-12b. ANT DOWNLINK. CSM/MSFN. VHF/AM. SM ANTENN
CSM/S-IV8. LAUNCH C90 DEGREE). APOLLO 10
RECEIVED C..RKIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

5-31



CSM S-BAND

PCA PARAMETERS. AZI
ELV

•10.70
•4.908
•599

C
E

IV
E

O
 

C
A

R
R

IE
R

 
P

O
V

E
R

(D
B

H
)

i
 i
 i
 

m
 
^
 
i

0
 

O
 

O
 

.
 
0

 
0

 
C

-• -

A

C

-

J

/

If

A,

r

/
l

I
1
L

I

"I J
f

1

i: '

-j

i'i
J \

t
i

•̂
j*

t
i
•

|;
i

• *t

i

• i
. i. i. *

i

-u

n

\

•L

.

fl[
III

f— I

.

O

r
1

»x^

A

\

\

^

JV

A

L

90

70

CA

P(

P(

R

T

"T"

ER

HI

wT -

%
B

IT
 

ER
R

O
R

 
P

R
O

B
A

B
IL

IT
Y

ft 06 ft 07 ft 08 K03 K10 tell OM2 0:13 (KI4 0:15 0:16
ELAPSED TIME FROM LIFT-OFF CHRtMIN)

FIGURE 5-12c. AN6 UPLINK MODE 6. HSFN/CSH. S-BAND. OMNI
CSH/S-IVB. LAUNCH (90 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-33

-65

I'"
a

^ -83

u

u
O
S-I05
U

-113

O •-

•- < S?
in w £

..

-135 L-1 — '
ft 06

r
»->

•*
T,

0:07

JT

if ,1L
• ::

r

I

A

\ n
J

1

/h

4.

1n
V•t-
i
i
i

tu

fI

\r

J

r~

f\r

tt08 te09 telO tell
ELAPSED TIME FROM LIFT-OFF

•̂

>
A

•̂

A

\

0:12
(HR

C
1

te!3
MIN)

90

70

CA

P(

P(

5R

T

T

ER

*[

HI

0:14 0:13

o
 

O
l

w
 

m

B
IT

 
ER

R
O

R
 

P
R

O
B

A
B

IL
IT

Y

0:16

FIGURE 5-l2d. AN6 DNLINK MODE 2. CSM/MSFN. S-BAND. OMNI
CSH/S-IVB. LAUNCH (90 DEGREE). APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED TIME FROM LIFT-OFF

5-32



CSM S-BAND

PARAMETERS. AZI -10.70
ELV .<.908
RANGE-599

-*u

-30

1*

|-.»
dc
u

|-80

u

|-90
u

-100

-110

.190

•-

B

D
n

j
~\ 1A>A.

1

r

I/

i
i

n

-U

h

Ix,

n,

i
i

n

; I

L>

^1

.

.n

/

r-|

nr

P

*\

—

y

B
V J

\
. i

bi

90

70

CA

P(

P(

!R

r

i

ER

(I

l\

.o6

te oe a 07 doe 0:09 aio an 0:12 tei3 ecu otis one
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 5r?2e . *"6 UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
C S M / S - I V B . L A U N C H (90 DEGREE) . A P O L L O 10
R E C E I V E D C A R R I E R P O W E R VERSUS E L A P S E D T I M E FROM L I F T - O F F

R
E

C
E

IV
E

D
 C

A
R

R
IE

R
 P

O
W

ER
C

D
BH

)
i 

•
 
i

- 
p
-
 

—
 

i 
i 

i 
i 

i
U

S
 

3
 

$
 

3
 

3
 

S
 

3

' ™

B

D

i_

J|j

(t06 0107

j- ^

ll

-

J

1

^

V

5

-T
-J

1JJJ
'x-

j
T

S

h

-,

r
U

-.

;i

j-

IT

j-

r

J
1

r-

1L

0:08 a 09 a 10 an
ELAPSED TIME FROM LIFT-OFF

-

i

B

k
V 1v

D

0:12 a 13
(HR:MIN) .

90

70

CA

KM

P(

P(

*R

T

J

ER

(1

(I

a 15

V

-1

'^i
a
o
oc
oc
u

a

one

FIGURE 5-I2f. ANG ONLINK MODE 2. CSM/MSFN. S-BANO. OMNI
CSM/S-IVB. LAUNCH (90 DEGREE). APOLLO 10 .
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

5-33



CSM S-BAND

PCA PARAMETERS. AZt •-178.9
ELV -61.81
RANGE- 115

§

•JU

f *n
& "
or

_t"* m
0

e
£ an

5

*

ft

""

08

1
I

a

c

A

~

09

••••

a

•••

a

I

**

-

•
10

r^

^

^^

\

o:

^

ii

•f

'

^

*^

o:

* -̂

f

12

C
A,

\
I
J

^^

f

i
a

•v

\

13

L

k

^̂

a

V

\

14

—X

r

<**

\

o:

I

»*«

15

V

^

•*•

a

^

\*

16

0Q

/I

p<
p<;
o:

t

r'T S

17

l\

W

o:

^>

?
cl

g
IX
ac
UJ

-6 ^"
10 S

18

ELAPSED TIME FROM LIFT-OFF fH

FIGURE 5 -13a . VAN UPLINK MODE 6. MSFN/CSM. S - B A N O . OMNI
CSM/S- IVB . LAUNCH (90 D E G R E E ) . APOLLO 10
R E C E I V E D C A R R I E R P O W E R VERSUS E L A P S E D T I M E FROM L I F T - O F F

C
E

IV
E

O
 C

A
R

R
IE

R
 P

O
V

E
R

(O
B

M
)

i —
 

i 
i 

i 
i 

>
O

 
|A

 
C

D
 

~
J
 

9
1
 

K
0
 

O
 

O
 

0
 

O
 

O

tf

o • •- •— o a o
i 8 § < i!i
52 ». Z k* ^

.
' *

_.
• «

1
•

!•

C
f
A
b

._

* —

^

ft*

..

^ "

^

•-*

*

•*

*

• •

J

1

P

^

V
X1

s
/

/
jf

f

c

:
•

»•
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6. EARTH PARKING ORBIT

6. 1 INTRODUCTION

The earth parking orbit phase (EPO) of the mission covers the time

period from orbital insertion through three revolutions and includes the

translunar injection burn (TLI) for two possible injection opportunities,

occurring on the second and third revolutions, respectively.

Communications analysis and recommendations are provided for three

typical EPO trajectories resulting from 72-, 90-, and 108-degree launch

azimuths on an 1-8 May 1969 launch*

The following communications recommendations are contained in

this section:

a) Use CSM omni antenna D for the entire EPO phase
except for the f irst pass over HTV on 72-degree launch
azimuth when antenna C should be used.

b) Use the LEFT CSM VHF antenna for the entire EPO
phase.

c) One crewman listen to S-band voice only and one crew-
man listen to VHF/AM voice only.

d) 'Initiate ground command of antenna D prior to TLI; then
set CSM S BAND ANTENNA switches for selection of
antenna A. Ground command antenna A at start of
CSM/S-IVB separation maneuver (during T and D phase).

e) VHF./AM voice should be primary on all station passes
'when below 5-degree elevation. , •

6. 2 BASIC COMMUNICATION CONFIGURATION

The basic communication configuration to be used during the EPO

phase is shown in Figure 6-1. The communication configuration is the

same as that used during the launch phase with the exception that the VHF/

AM system will be used in the Simplex A mode; i. e. , both uplink and

downlink VHF/AM voice will be transmitted on a carrier frequency of

296. 8 MHz. The DSE will be used to record CSM LBR telemetry during

LOS periods. The contents of the DSE will be dumped during each pass

over the U. S. and over CRO just prior to TLI.
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NOTES: I.
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UP DATA
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DOWN
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TLM
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DOWN

DSE 296.8 MHz
VOICE

MSFN

ALL AUDIO CENTERS HAVE VHP AND S-BAND VOLUMES UP
S-BAND SQUELCH ENABLED
VOICE TRANSMITTED SIMULTANEOUSLY ON S-BAND AND VHP
VHP SIMPLEX A WILL BE SELECTED FOR EARTH ORBIT OPERATIONS

Figure 6-1. Basic Communication Configuration
for Earth Parking Orbit.
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Voice will be transmitted simultaneously on both-the VHF/AM sys-

tem and the S-band system. All audio .centers will have the :VHF/AM and

S-band volumes turned up. In order to avoid voice-phasing problems

within the spacecraft, it is recommended that one crewman listen to

S-band voice only and one crewman'listen to VHF/AM voice only.

6.3 RF COVERAGE SUMMARY : .

A bar graph summary of RF communications for the three EPO tra-

jectories is given in Figures 6-2 through 6-4. The bar graphs show MSFN

AOS/LOS times and recommended spacecraft antenna selections for each

MSFN station. The spacecraft antenna recommendations are based on the

following criteria and in this order of precedence:

a) Antennas which provide the largest positive circuit
margin (carrier power above 70 percent WI voice .
threshold and 10"3 BEP telemetry threshold on S-band
downlink and carrier power above 90 percent WI voice
threshold on VHF/AM downlink)

b) Antennas which allow minimum spacecraft antenna;

switching .' • :

Computer plots of received carrier power versus elapsed time from

lift-off (Figures 6-5 through 6-109) for the three EPO trajectories are

furnished for each MSFN station providing S-band or VHF/AM coverage.

The plots are presented in the orbital order of MSFN station coverage. .

A plot is provided for each pair of diametrically opposite CSM S-band

omnidirectional antennas (i. e. , A and C, B and D) for both uplink and

downlink signals for each S-band station. A plot is also provided for the

two CSM VHF scimitar antennas for both uplink and downlink signals for

each VHF/AM station. The letters L and R are used on the bar graphs

and the VHF/AM plots to designate the LEFT and RIGHT VHF antennas.

(Section 2 presents a complete description .of the.computer'plots. ) The

TLI burn times for the 72-, 90-, and 108-degree launch azimuths covered

are listed in Table 6-1.

Uplink mode 6 (PRN ranging, voice, and updata) and downlink mode 2

(PRN ranging, voice, and 51. 2-kbps telemetry) were used for the S-band

computer plots for the EPO phase of the mission.
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6; 4 S---BAND PERFORMANCE •• ' - : •- '- '

The S-band received carrier power versus elapsed time from lift-off

plots for the three EPO trajectories indicate that the received carrier

power can be maintained above the 90 percent WI voice threshold and the

10 BEP telemetry threshold by selecting the.antennas shown in

Figures 6-2 through 6-4.

The S-IVB.will maintain .a local horizontal attitude throughput the

earth parking orbit phas.e except for an inertial hold of approximately

10 seconds immediately after EPO insertion. The local horizontal attitude

will maintain the CSM -Z axis pointed downward along the local vertical

(heads down); therefore, omni antennas C and D will provide the best com-

munications. Antenna D will provide good communications for all stations

fof :all three EPO trajectories with one exception which will be discussed

in the analysis of the 72-degree launch azimuth EPO. Antenna D will also

provide good communications after T LI and until shortly before ;CSM/S-IVB

separation during the transposition and docking phase at which time

antenna A must be1 selected. ' To simplify antenna switching during the EPO

phase'and transposition and docking maneuvers, it is recommended that

(a) antenna D be selected b'y ground command during EPO; (b) S BAND

ANTENNA switches 5^40 and S-4.1 in the CSM be set to OMNI and OMNI A,

respectively, prior to TLJ; and (c) ground command antenna A at start of

. CSM/S-IVB separation maneuver (during T and D phase).

6. 4. 1 72-Degree Launch Azimuth

S-band communication coverage for the 72-degree launch azimuth

EPO is provided by all USB stations except MAD and GWM. Above thresh-

old signal levels can be maintained at all stations for the entire 72-degree

launch azimuth EPO by. selecting antenna D with the exception of the f irst

pass over HTV at approximately 1 hour 9 minutes during which time

antenna C should be used. Switching fr.om antenna. D to C should occur

after loss of signal at HSK andiprior-to acquisition of signal at HTV.
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Antenna D should be reselected prior to acquisition of signal at GYM and

used for the remainder of the EPO phase and until CSM/S-IVB separation

during the transposition and docking phase. Ground command for antenna

D selection should be sent prior to TLI to allow the CSM S BAND

ANTENNA switches to be set for the previously recommended automatic

selection of antenna A at the start of the CSM/S-IVB separation maneuver

(during T and D).

The coverage for the major part of S-IVB preignition sequence for

the first opportunity TLI will be provided by CRO. MER will provide cov-

erage for TLI ignition and a portion of the burn time. The remaining burn

time and TLI cutoff will be covered by RED. Antenna D will provide good

communications at each of these stations.

CRO will provide coverage for the final 2 minutes of the S-IVB pre-

ignition sequence for the second opportunity TLI ignition and mpst of the

burn time. Limited coverage during the burn can also be provided by

MER; however, the antenna elevation at MER will be below 5 degrees dur-

ing the entire pass. The second opportunity TLI cutoff may not be a4e-

quately covered since 0-degree acquisition of signal at RED will not occur

until approximately the same time as TLI cutoff.

Keyholes of less than 1 minute duration will limit coverage at CRO

at approximately 55 minutes and at GBM at approximately 1 hour 39 min-

utes. A short duration keyhole will also be experienced at HAW at 2 hours

52 minutes if TLI does not occur oh the first opportunity. Coverage will

be limited by terrain obstruction at GDS on the first pass over the U. S. ;

however, GYM will provide the initial coverage over the U. S.

6. 4. 2 90-Degree Launch Azimuth

The 90-degree launch azimuth EPO will be covered by all stations

except CYI, HTV, HSK, and MAD. The received carrier power can be

maintained above the 90 percent WI voice threshold and the 10 BEP

telemetry threshold during the entire 90-degree launch azimuth'EPO phase

by selecting antenna D.
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No USB station will, provide coverage for the first opportunity TLI
o^

ignition and during the S-IVB preignitidn sequence.'1' CRO will have

0-degree acquisition of signal' approximately 50 seconds "after TLI ignition

and.will provide coverage'for the remainder of the burn including TLI cut-

.off. • Coverage at CRO, however, will be subject to antenna keyhole limi-

tations. Postburn coverage will be provided by RED. No USB station will

provide coverage for the second opportunity TLI burn.''

A keyhole will .occur at HAW at approximately 1 hour .19 minutes. If

TLI does not occur on the first opportunity and a third revolution is

required, keyholes will occur at MIL (approximately 3 hours 11 .minute.s),

GBM (approximately 3 hours 13 minutes), ANG (approximately 3 hours

18 minutes), and ACN (approximately 3 hours 31 minutes).

6.4. 3 108-Degree _Launch Azimuth . , , . . , . . - ,

S-band coverage-for the 108-degree launch azimuth EPO is provided

by MIL, GBM, BDA,-ANG/ ACN, CRO, GWM,'HAW, "CDS, GYM, :and'

TEX. Selection of antenna D will provide received carrier levels above

the 90 -percent WT voice threshold, and 10 BEP telemetry threshold for

the entire 108-degree launch azimuth EPO. • • ' • • •

The first opportunity TLI and S-IVB preignition sequence will not be

covered by any MSFN ground station.' The last USB station to provide

above 5-degree elevation coverage prior to the f irst opportunity TLI will

be ANG, which will acquire at approximately 1 hour 41 minute's. ANG will

.experience coverage limitations caused by antenna keyhole at approxi-

mately 1 hour 44 minutes. ACN will acquire'at approximately 1 hour

56 minutes 30 seconds and will remain below 5-degree elevation for the

entire pass; There will be no'S-band coverage by MSFN ground stations
-,-

for, the second opportunity TLI. The last USB station to provide coverage

. prior to the second opportunity TLI will be TEX at approximately'3 hours

5 minutes. The maximum antenna elevation at TEX will be approximately

4. 9 degrees, and coverage will be limited by terrain obstruction from

3 hours 8 minute's to LOS. (TAN will provide VHF/AM voice coverage

during TLI ignition. ) ' - . . : • . ..

ARIA are expected to provide TLI support.
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Coverage will be limited by antenna keyhole at CRO (approximately

56 minutes), HAW (approximately 1 hour 20 minutes), MIL (approximately

1 hour 39 minutes), and GBM (approximately 1 hour 37 minutes). If TLI

does not occur on the first opportunity, the communication coverage for

the third revolution pass over HAW will be limited by keyhole and terrain

obstruction.

6.5 VHF/AM PERFORMANCE

VHF antenna selections and AOS/LOS times for each MSFN station

covering earth parking orbits for 72-, 90-, and 108-degree launch azi-

muths are shown in Figures 6-2 and 6-3.

The LEFT CSM VHF antenna (L) is recommended for each VHF/

AM station covering the three EPO trajectories. The LEFT VHF antenna,

will drop momentarily to the 90 percent WI voice threshold over VAN

at approximately 1 hour 45 minutes on the 72-degree launch azimuth

EPO. The LEFT VHF antenna will momentarily drop slightly below the

90 percent WI voice threshold over MER (56 minutes), CRO (2 hours

27 minutes), and RED (2 hours 37 minutes) on the 90-degree launch azi-

muth EPO. The LEFT antenna will momentarily drop slightly below the

voice threshold over CRO at approximately 54 minutes on the 108-degree

launch azimuth EPO: The LEFT antenna, however, will provide the best

overall coverage for the stations mentioned above.

VHF/AM communications system coverage for the first and second

opportunity TLI burns will be provided by the same stations that provide

S-band communication system coverage with additional VHF/AM coverage

support provided by TAN. The VHF/AM communication system will

usually provide adequate voice communication during the times when the

S-band coverage is limited by low elevation. The initial voice contact.at

AOS will usually be through the VHF/AM system at low elevation angles.

After S-band acquisition, the system providing the best voice communica-

tion performance will be used as the primary voice communication sys-

tem. It is recommended that the VHF/AM system be primary on all

station passes when below 5-degree elevation.

6-8



1

_ >_ *
v 2C

0 =

x .r

L § a-;• « o
°H~J~I •
™Q1°|-

Q

:oli._

i

_t
<
U

It

>-i—
z
D
t^

2
Q_

to
0°
i- Z

38
— ' t/ir§
:-li°m.

0
z
<

1
J—z
< < s_>• s s
•c* 1

S
CD

O

1

> _,

5 I _

W

.. . . —

§
8

O
*!?

^

oo
r̂

zz
oo

O i-

i i I > =

i

fc
z

t'o: >
ZO u

5 z =;
0 0 u .5 •

M Io|

z
o

>-u

A
N

T
E

N
N

A

_

ti' I
I >

9 §
tl <

z
5
O

o
Z

I
6

y
o
Z

Q
Z

o o

S
•rH

NJ

c
3
rt

a>
a;

0)
P

bfi
C

, rt

4^
4->

• rt
H

a
s
0)
00
nJ

O
U

C03
•iM

h

6-9



l/l
UJ

2^
j|
"-£•

— ^oII
<"->z

< ~>

^nr* Ooz

p
1
tt:

2
(X

*** O

21
38
""i"""
£

1
1

i—
a:

Z2
^ Q_°°
zz
oo
~u
piS

o
UJ

X 2 • - ~"
UJ ^>- 5r "> _i
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î ><
z
S

o 2
9. _ < .

£ I
£ >
It 0
O' o

CN 5 vo g „

§•

g
M

'si

rC

U
. c

n)

0}

' 00

Q

o

4-*
• iH

t-l

O

00

1
"i

fn
ifH(U

W

<

z
13

z£
Qg
•~ Q_

zo

<l. .̂II
Z Z< < s

z
5

o
Z

o

5
I

o
5

S
S

00
rt

o
U

00

>
o

5 s•^. o t

6-10



p:
z
3

O $
D_ -1-

°" — '•

0> =o ?Q t <~>y O

— * ^ — ' ui -C l̂i~2 h-~ °±s
i£

O -
Of— 7

>z T ^i
£2
< ^ 1 ""

_J I) ^

t° z —
So 2
oz g

P x S • §
to i- Q g _i 2

oo oB-JB ° " i

^ ° Q*j|J 2 §|
i 11

of

—_-____£ ..._
i- Z ..

i < 5 _
go °""J" o ^
lo < < i - > d -

JjjJ s s ^ °|j| Qi-i-ioi -
^ ̂ B -~"̂ B o ̂ B H <:

•"'• 1

•
_

s
o

•
—

(̂
u —

I
•"

S

o

S

S
o

f —
CO

o Z

_J

z
z
LU
t—

0 <

9. 5
S z|

?. I
g>
0 Z
u_

CN 5 COo ^ »
2 <

if
Q t
UJ Z

if <
0 & _

° _i Zg u, 5
O
a
Z
<(
CO

1
IS!

<
o Z
rp Z

= 1<
o
o
z
2
2

8 °
UJ

O «
UJ

S
0
Z

£•
-I-J

^a
<q

u
G

rt
!-l

(U

fH

00
0)
Q
I

OO
0

zn
•rH

O

^O
00
G

• rH

•X

n)

-i->

ni

O

T .

rt
S
S
d

00
rt
ij

0)

0
U
.
H-f

PH

i
**O

D

O
00

£
o

S o

6-11



This page intentionally left blank.



This page intentionally left blank.



CSM S-BAND

PCA PARAMETERS. AZI .-132.2
ELV «70.I3
RANGE-108

-JU

-40

H *60

UJ

| -70

u
0

JH -80
w

V
-90

-100

-110
a

r

**

~ *

^~ ^*

jm

i
i

*

-

l~l

r
x

.A

*

~

*
A

/

j

<j

<. A-
J

\\
\

C
'N,

A

'

-S,
V

^

M,k1A
V

Ss-

-»

^

^
y •*«*

"X

*/

"f

90 p,

_L

T "I

70 PCT W|

16 0:17 ft 18 0:19 0:20 0:21 0:22 K23 0:24 0:25 0:26
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

OR

F IGURE 6-5a. CVI UPLINK MODE 6. MSFN/CSM. S - B A N O . OMNI
CSH/S- IVB. E A R T H P A R K I N G O R B I T ( 7 2 D E G R E E ) . A P O L L O 1 0
R E C E I V E D C A R R I E R P O W E R V E R S U S E L A P S E D T I M E F R O M L I F T - O F F

^ 7n

1 °

i oog °°

U

K
tf

.tin

• •

r
T.

/-

O

u
(O

j

•-•*

-

1

j
i

^

^ ^*
I

s
S*

c
r

A

4

I

^

\

\

r
j

A

^N/
A

^

V
s
s

^ V.
.
^

5

~v

V
•̂
k^*

•M^

N

^

N*

90

70

P(

P(

T

T

MI

MI

• 9

ine°

S
UJ

—

one a 17 ft!8 0:19 ft20 0:21

ELAPSED TIME FROM LIFT-OFF

0:22 0:23
(HR:MIN)

0:24 0:2? 0:26

FIGURE 6-5b. Crt DNLINK NODE 2. CSM/MSFN. S-BAND. OMNI
CSM/S-IVB. EARTH PARKING ORBIT C72 DEGREE). APOLLO 10
RECEIVED CARRIER POKER VERSUS ELAPSED T I M E FROM LIFT-OFF

6-12



CSM S-BAND

»>C* PARAMETERS. *ZI --I32.2
ELV «70.I3
RANGE- 108

i

£

-30

-40

-50

-60

-70

-80

-90

too

110
0!

a < »
«•> a *

' ̂

ft

p

J •

^

™

S*

1

:

—^

•-%

i

.*•

***

j

1̂

^

^

L,

^1

V

r
^

J

1
!\ j

-f
-\

8

V

r

\\

- -
i

H
\

J\

-

•̂ .

**• '

s
"

V

•̂

^^

-if

•**•

~/

~5

•e

'
'

90

-

P(

--

T <T

70 PCT wi

5

O
l a>

B
IT

 
ER

RO
R 

P
R

O
B

A
B

IL
IT

Y

16 a 17 0:18 a 19 0:20 0:21 0:22 0:23 0:24 0:25 0:26
ELAPSED TIKE FROM LIFT-OFF (HRCMIN)

FIGURE 6-5c. Cfl UPLINK MODE 6. HSFN/CSH. S-BANO. OMNI
CSM/S-IVB. EARTH PARKING O R B I T (72 DEGREE). APOLLO 10
RECEIVED C A R R I E R POKER VERSUS ELAPSED T I M E FROM LIFT-OFF

R
E

C
E

IV
E

D
 C

A
R

R
IE

R
 P

OW
ER

 (D
8M

)
i

* 
*
•
 

*
 

i 
i 

i 
•

•
 

0
 

(0
 

4
D

 
*
4
 

*
 

m
» 

o
 

o
 

o
 

o
 

o
 

o

.1 ̂ n

0
S

.
' *

r
B,

— '

-(

j
I

^

^

1

1

V

,̂

""

*•- ^«

^

s/

/

f

/

0

< *
a r>

/*

B

/

\°

\
\

\^

A

!\ -̂

\

V^

v

r

•v\

"̂

.

~—

-J^

•8

90

70

P(

P(

r

T

Ul

Ul

3
^
°
*

B
IT

 
ER

RO
R 

P
R

O
B

A
B

IL
IT

Y

0:16 0:17 telB ai9 fc20 0:21 0:22 0:23 0:24 0:25 o:26
ELAPSED TINE FROM LIFT-OFF (HRIMIN)

FIGURE 6-Sd. CVI ONLINK NODE 2. CSM/MSFN. S-BANO. OMNI
CSM/S-IVB. EARTH PARKING ORBIT (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

6-13



CSM VHF/AM

PCA PARAMETERS. AZI •-132.2
ELV -70.13
RANGE-108

-45

•55

§** -65

K. -75

_

t"™ -IW«
u
o
Ij! .95

UJ

-105

.1 15

-125

*"

W

f

f

^

,*•

E
IT

1

_

.X

-̂ *>

r

i™ X

,/
^>

/
^

/

VV

i

f
^

c

^
R

N^
>

L

\

\ X
V v^

^
V

a
ft

•» *̂
"*•

••»•

R"

^m

•K

y(j v\ \ 1
"

a 16 0:17 ttis tei9 0:20 0:21 0:22 0:23 0:24 0:25 K26
ELAPSED TI»C FROH LIFT-OFF (W.'HIN)

FIGURE 6-5e. CYl UPLINK. MSFN/CSM. VHF/AM. SM ANTENNAS
CSM/S-IVB. EARTH PARKING ORBIT (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROH LIFT-OFF

R
E

C
E

IV
E

D
 C

A
R

R
IE

R
 P

O
W

ER
(D

BH
)

i 
i 

i 
i

o
i

i
i

a
S

J
i

s
s

S
i

&
s

o o
8 < 8
r> tf ir»

^ •-*

,*•••

•M"

f

:

^
^

•

x ^

ci

^
_-*•

y

-

• >

/

^
y

^

/^
^

L

R

N

^^
\
\
X S

S •̂

**•

^

V

^

r
-̂ .

_ . pi . .

16 ft 17 (CIS a 19 0:20 0:21 K22 0:23 0:24 0:25 0:26

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-5f. Cri DOWNLINK, CSM/MSFN. VHF/AM. SM ANTENN
CSM/S-IVB. EARTH PARKING ORBIT (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

6-14



CSM VHF/AM

PCA PARAMETERS. «7I -34.63
ELV -7.223
RANGE "507

-€0

-70

K

i-ioo
u
O
£-110
uu

-120

-130

-140
OC

O 19
8 < S
10 V »>

•- -• -

?

/
•-

s

R

-•

KJ
Vvu

\
-)

L

/

A

,̂
/

.
*

X"

/*

A

>w.

k.

^ff

s

«^

^

i.

hr ^
JL ^ . 1 1 1 -

36 0:37 0:38 0:33 0:40 0:41 0:42 0:43 . 0:44 QMS K46
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-60. TAN UPLINK. MSFN/CSM. VHF/AM. SH A N T E N N A S
CSH/S- IV8 . E A R T H P A R K I N G O R B I T (72 DEGREE) . A P O L L O 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T IME FROM L I F T - O F F

-n

-95

-105

= -115

o
£-125

-135

-M5

-155
a: 36 0:37 0:38 K40 (£41 0:42 ft43 «44 0:45 0:46

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-6b. TAN DOWNLINK. CSM/MSFN. VHF/AM. SM ANTENN
CSM/S-IVB. EARTH PARKING ORB IT (72 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED T I M E FROM LIFT-OFF

6-15



CSM S-BAND

PCA PARAMETERS. AZI --I77.7
ELV -8.514
RANGE-479

-120
0:52 fc53 0:54 CK55 0:56 0:57 0:58 0:59 1:00 1:01 1:02

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-7a. CRO UPLINK MODE 6. M S F N / C S M . S - B A N O . OMNI
CSH/S - IVB . E A R T H P A R K I N G O R B I T ( 7 2 D E G R E E ) . A P O L L O 1 0
R E C E I V E D C A R R I E R P O W E R V E R S U S E L A P S E D T I M E FROM L I F T - O F F

0

a 0a

7ft

i -eo
ft
dc

z
w

!£

.140

A

r

•

x
^

i— •

-—

y/

w

î
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IĤ

N

D

>

B
/

^

In
n

1

.

/
'

™^

V

k

\

"̂ ^

-^ ^

^^

*̂ . ^**

i

?9
70

P(

PC

T

r w

,,
i

in

_l
m

i:30 i:3l i:36 1:37
(HRIHIN)

1:33 1:39 IM1:32 1:33 1:34 1:35

ELAPSED TIME FROM LIFT-OFF

FIGURE 6-59e. 1£^ UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
C S M / S - I V B . E A R T H P A R K I N G O R B I T ( 9 0 D E G R E E ) . A P O L L O 1 0
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

R
E

C
E

IV
E

D
 C

AR
R

IE
R

 P
OW

ER
 (D

B
M

)
1
 

1
 

t
•

•
*

•
•

•
 

|
 

1
 

1
 

1
 

1

K
I 

—
 

O
l

A
<

D
>

J
9

t
m

o
o

o
o

o
o

o
o

K < 8
in & *>

..
' —

•.

B
^

r

j
J
i
•

<*r

i
I
•

{

i
i

•*« •̂
j.A:

r
H

S
l

/
•>

J

r
^

-\

\

-\

B
An

D

^ N

A

's

\r\

v

/
^_

"̂

\

•-

--

-.

^

90

70

P(

P<

T

T

'1

n

1:30 i:3i 1:32 i:33 1:34 1:35 1:36 i:37 i:38 i:39 i:
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

°
 
I
 
-
„

B
IT

 
ER

RO
R

 P
R

O
B

A
B

IL
IT

Y

FIGURE 6-59f. TEX ONLINK MODE 2. CSM/MSFN. S-BAND. OMNI
CSM/S-IVB. EARTH PARKING ORBIT (90 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

6-151



CSM S-BAND

«9

g

PCA PARAMETERS. AZI --I63.3
ELV -37.46
RANGE*169

•«9
g

-43

-33

s
i-7

-83

* -93

-103

-113

V

za
si,

U34 1:33 U38 1:37 i:38 i:39 1:40 i:4l 1:42 i:43 i:44
ELAPSED TlfE FROH LIFT-OFF CHfCHIN)

FIGURE 6-60a. NIL UPLINK MODE 6. NSFN/CSH. S-BANO. ONNI
CSH/S-IVB. EARTH PARKING ORBIT (90 DEGREE). APOLLO 10
RECEIVED CARRIER POKER VERSUS ELAPSED TINE FRON LIFT-OFF

o
g

-30

-60

1 '"

i u,I -«u

Oc
w
Z -90

^j

>-IOO

5s

-120

-tin

• •

C

A

i

i«ta

r>

S
it
J

/
^

f

/
<~\

A

'

V
C

s

\/

X
i

•4

V
\
s \

sA
^* \

X_

•

^

r»

s*
•<

*s I*

k

90

70

P( T (I

n

^
_J

00
<

,g
in8?

io-JS
lu

^
CD

U34 i:33 1:42 U43 1:441:36 i:37 i:38 i:39 IMO 1:41
ELAPSED TINE FROM LIFT-OFF (HRZntN)

FIGURE 6-60b. MIL ONLINK NODE 2. CSM/MSFN. S-BANO. ONNI
CSN/S- IVB. E A R T H P A R K I N G O R B I T (90 DEGREE) . APOLLO. I 0
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FRON L I F T - O F F

6-152



CSM S-BAND

PCA PARAMETERS. Ail .-163.3
ELV O7.46
RANGE'169

-35

-45

-55

-65

I*'

-85

g

-105

\

^7

A
/

1:34 i:35 1:42 1:43 1:44i:36 1:37 i:38 1:39 1:40 t:4l
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-60c. MIL UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
CSM/S- IVB. E A R T H P A R K I N G O R B I T (90 DEGREE) . A P O L L O 10
RECEIVED C A R R I E R P O W E R VERSUS ELAPSED T I M E FROM L I F T - O F F

«? Tft

ft

8

i 9°

i:

* ™

34

C

B

i:

•̂
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CSM/S-IVB. EARTH PARKING ORBIT (90 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF
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ĉ

A

<

s
:

^

\

-N

)

V

A

^
s^

\
NJ

10

^

V

s
1

x

/

-

^

^

™^

*

90

70

P(

P(

I

T

t \

t \

io6

in-3
10 °

CD

CD

3:00 3:01 3:08 3:09 3:10X02 3:03 3:04 3:05 3:06 3:07

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-73b. 60S ONLINK MODE 2. CSM/MSFN. S-BANO. OMNI
CSM/S-lVB. EARTH PARKING ORBIT (90 DEGREE). APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM LIFT-OFF

6-186



0

8

CSM S-BAND

0

8

PCA PARAMETERS. Art •-176.5
ELV -10.36
RANGE*446

-35

-43

"I
I-
£

g

-105

-115

y*

7?

P(

m<
CDg

i6bS

3:00 3:01 3:02 3:03 3:04 3:05 3:06 3:07
ELAPSED TIME FROM LIFT-OFF (HR!MIN)

3:08 3:09 3:10

FIGURE 6-73c. 60S UPLINK MODE 6. MSFN/CSM. S-BANO. OMNI
CSN/S-IVB. EARTH PARKING ORBIT (90 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-55

-65

I"*

1*
oru

I -95
w
o
£-105

5
V

-115

-125

-135
3:

0 0

g < 8
ir> It* «•>

D

B

..

s

\

-.

'

A
•J

^

\

!

^

r!* \
\ \ \

i

r~

^
s /\ \

V

D
*r*

fr

'B

i

.**•

A

•i
:
•

^

A

-V

fl

V1 1

r-S •+.
S-l

VIAv VV

•̂

ij -

n

V

90

70

P<

P(

T

T

(1

il

O
l <n

P
R

O
B

A
B

IL
IT

Y

,°-3!
UJ

^«
m

00 3:01 3:02 3:03 3:04 3:05 3:06 3:07 3:08 3:09 3:10

ELAPSED TIME FROM LIFT-OFF (HR:MIN)
FIGURE 6-73d. 60S ONLINK MODE 2. CSM/MSFN.
CSN/S-IVB. EARTH PARKING ORBIT (90 DEGREE)
RECEIVED CARRIER POWER VERSUS ELAPSED TIME

S-BAND. OMNI
, APOLLO 10
FROM LIFT-OFF

6-187



CSM S-BAND

PCA PARAMETERS. A?I '-161.6
ELV «75.63
RANGE* III

-30

r -50

**

&
f -70

u

R
E

C
E

IV
E

D

.
 
i

» 
e

•110

o • o
8 w •« B

—
-• - -

r

-i

••

-

•m*

-

-•

-

-

•̂

l>

^

y

X J
</

/

-

•v
Ik

—

^

A

-

^

\

C

^

^

\ [

w

~

'

"•• <

\

.
>

•

.̂

^

-•

^

L\

-•

w

p~«

•»

"•̂

1

1

-*

^*

m •

— .

19
70

p(
ic

T

fl

"1
?f —

3:00 3:01 3:02 3:03 3:04 3:03 3:06 3:07 3:08 3:09 3:10
CLAPSCO TIME FROH LIFT-OFF (HR:niN)

FIGURE 6-74o. 6TM UPLINK MODE 6. MSFN/CSM. S-BANO. OMNI
CSM/S-IVB. EARTH PARKING ORBIT (90 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TINE FROM LIFT-OFF

C
E

IV
E

O
 C

A
R

R
IE

R
 
P

O
ttE

R
(D

B
H

)

o
 

u
>

 
i 

ii
 

a
t
 
u
i

0
 

O
 

0
 

O
 

O
 

0

-no

-120

0 0

K < «

'•

*- •—1.

/»

K

"

1

i

.̂̂

^ *s

y
* -̂ Ĵ
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<

1

,
L'V

-!•

vV

^_

1/̂

-/

A

ii•

A

f/

9
i
r*

*

,
IV

•N

A
• ; l

•M^

.

A

P1 :

•N

/
f .

A

C

""I

yu
70

CA

-tl! 1

T

ER

< l

Ti

5
O

?
-6 a

10 o
Ofa
Ul

«-
a>

IMO IMl 1:46 1:47
CHRIMIN)

IM8 1M9 t:301:42 i:43 t:44 t:45
ELAPSED TIME FROM LIFT-OFF

FIGURE 6-99c. ANG UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
CSM/S-IVB. E A R T H P A R K I N G O R B I T (108 DEGREE) . A P O L L O 10
RECEIVED C A R R I E R P O W E R V E R S U S ELAPSED TIME FROM L I F T - O F F

0

"

-65

-75

-85

-95

105

125

1

. _

. _

40

A:

C

_-

—

i:

*

^~

:::

41

rfp-"

:\ /-

•

: t

~* V
\

O
UJ

< O
^ I/I

/ V

T

A
-x

t

\ / l i =

-

v •>

--*'

J

•̂ fc.

-i

^

1:42 1:43 1:44 1:45
ELAPSED TIME FROM LIFT-OFF

•'. :

•-i

^

1:46
(HR

A

C

1

:MINI
47 i:48

90

70

CA

P(

P(

RR

1

T

T

FR

49

VI

VI

1 ° 
t 

-„
B

IT
 

ER
R

O
R

 
P

R
O

B
A

B
IL

IT
Y

FIGURE 6-99d. ANG DNLINK MODE 2. C S M / M S F N . S - B A N D . OMNI
CSM/S- IVB. E A R T H P A R K I N G O R B I T ( 1 0 8 DEGREE) . A P O L L O 10
R E C E I V E D C A R R I E R P O K E R V E R S U S E L A P S E D T I M E F R O M L I F T - O F F

6-254



CSM S-BAND

PCA PARAMETERS. AZI --I44.4
ELV -8.484
RANGE* 482

t:4i IM2 IM3 IM4 IMS
ELAPSED TIME FROM LIFT-OFF

IM6 IM7
(HR:HIN)

IMS IM9 i:so

FIGURE 6-99e. AN6 UPLINK MODE 6. HSFN/CSM. S-BANO. OMNI
CSN/S-IVB. EARTH PARKING ORBIT (108 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROH LIFT-OFF

0

B
O

8
-55

-65

-75

-85
Q.

acu

| -35
o
o
>-105

-115

-125

-135

90

70

A iR Eft

U

_J

•5a
S
o.

1MO tMI IM2 IM3 IM4 IMS IMS 1M7 IMS IM9 1:50

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-99f. ANG DNLINK MODE 2. CSM/MSFN. S - B A N D . OMNI
C S M / S - I V B . E A R T H P A R K I N G O R B I T (108 DEGREE) . A P O L L O 1 0
R E C E I V E D C A R R I E R P O W E R V E R S U S E L A P S E D T I M E FROM L I F T - O F F

6-255



CSM S-BAND

PCA PARAMETERS. A2I •-133.3
ELV -0.722
RANGE-796

§

-40

-30

-60

-60

-30

100

110

120
i:

-

<i

.
p/

v_

1\_

*1
*

*

: '

4K
•V
i

t

*:

*•
1
t
I

•Nfc

v - fc.

90

/o

CA

P(

P(

JR

T

r

ER

,1
rfl -

<%
B

IT
 

ER
R

O
R

 
P

R
O

B
A

B
IL

IT
Y

36 1:37 1:38 1:39 2:00 2:01 2:02 2:03 2:04 2:03 2:06
ELAPSED TJM£ FROM LIFT-OFF (HRCMtN)

FIGURE 6-100a. ACN UPLINK NODE 6. HSFN/CSM. S-BANO. OMNI
CSN/S-IVB. EARTH PARKING ORBIT (108 DECREE). APOLLO 10
RECETVEO CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-75

§ -05

<r

S -95
Q.

o:
Ul

|-I05

O

uu

-135

-145
1

A.

;

'

^x

J^^
\
\

jy
~

/fc

90

70

.A

P(

P(

<k

T

T

t^<

(I

"

>-

m

a
o
IT
a.
Ul

m

56 1:57 t:58 1:59 2:00 2:01 2:02 2:03 2:04 2:05 2:06
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-1OOb. ACN ONLINK MODE 2. CSM/MSFN. S-BAND. O M N I
CSM/S-IVB. EARTH PARKING ORBIT (108 DEGREE). APOLLO 10
R E C E I V E D C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

6-256



CSM S-BAND

PC* PARAMETERS. AZI --153.3
ELV -0.722
AANGC-796

-30

* en

1 "

s
t ait

3 30

w

t:96

t

J

: •

f=>

l;

• I

l:

•s

*-
f

' :

37

X

I

r

j
•1

i
S

i

.».
t

j;

/
;;

l:

«ta.

/
J

38

t

V
F

1 59 2: 00 2:01 2: 02 2- 03 2: 04

90

/O

CA

P(

PI

(R

2"

1

T

ER

OS

^ I

Li

2:

^
_i
00
<
0

!0°g
oc
UJ

t-

06

CHR:HIN)
6. HSFN/CSH. S-BANO. OMNI

CSM/S-1VB. EARTH PARKING ORBIT t108 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

ELAPSED TIME FROM LIFT-OFF

FIGURE 6 - lOOc . ACN UPLINK MODE

-O3

-75

i -w

a%
S-95

O:
Ui

g-105
<
Cl

O

^-1.5
UI
O

s •
-125

-135

-M5
t

. _

f-u

\\
i-/

/
J

,̂ -

VrV
•

• /

V

1»

\
^

90

70

FA

P(

P(

<R

T

T

FR

<l

u

-

,n6-
CD

10-3 g
a
a
a
o
a
or
UJ

ffi

56 1:57 1:58 1:59 2:00 2:01 2:02 2:03 2:04 2:05 2:06

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-100d. ACN DNLINK MODE 2 . C S M / M S F N . S - B A N O . OMNI
C S M / S - I V B . E A R T H P A R K I N G O R B I T ( 1 0 8 D E G R E E ) . A P O L L O 1 0
R E C E I V E D C A R R I E R P O W E R V E R S O S E L A P S E D T I M E FROM L I F T - O F F

6-257



CSM VHF/AM

PCA PARAMETERS. AZI •-153.5
ELV •0.789
RANGE » 793

-33

-65

i-"
| -85

&
|-35

u

5-105

5
g

-US

-125

-135
t:

-

It

t

"

I
t

i
i

L "̂
J

•k
I
:
.
.
i

tt

:
•

j

^

^

^

1

HU HI 1 11

56 1:57 1:58 US9 2:00 2:01 2:02 2:03 2:04 2:05 2:06
ELAPSED TIME FROM LIFT-OFF CHRtMIN)

FIGURE 6-100e. ASC UPLINK. MSFN/CSH. VHF/AM. SM ANTENNAS
CSH/S-IVB. EARTH PARKING ORBIT Cl08 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT.OFF

-60

-75

g-85

\ *"

&
§-105

u

§-,,5

-125

-135

-145
t:

' ™

R

.

L

^

^

1
I

1

^

^

<R

/

56 U57 1:58 1=59 2:00 2:01 2:02 2:03 2:04 2:05 2:06
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 6-lOOf. ASC DOWNLINK. CSK/MSFN. VHF/AM. SM ANTENN
CSN/S-IVB. EARTH PARKING ORBIT (108 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIHE FROM LIFT-OFF

6-258



CSM VHF/AM

PCA PARAMETERS. *ZI •-27. 37
ELV -22.V4
RANGE*249

-90

. -€0

I-"
| -80

e
1-30

u.

£-100

-110

-120

-130
f.

o o
g < 8
n if r>

i

Rl

-•

^
**

(

••»•.

X1

^

'v -\
\
/

R

^\

sA
L

36 2:37 2:38 2:33
ELAPSED TIME

/
L A

V
Rl

/

f\

-

X

V

/

/

X*

—>

••̂

•̂

^

•̂ — s
< .̂ •^*

•*•

L

R

JU Pi 1 1 1

2:40 2:41 2:42 2:43 2:44 2:45 2:46
FROM LIFT-OFF (HRIMIN) '.

FIGURE 6-1 Ola. 6NH UPLINK. HSFN/CSM. VHF/AM. SM ANTENNAS
CSH/S-IVB. EARTH PARKING ORBIT (108 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

o
 

o
 

o
 

o
 

o
 

o
f 

t 
?
 

<
?

 
2
 

=

(H
8Q

)«3M
U

 «
I»

H
V

3
 

03A
I33.

£

.140

19 O

U « 8 .
. *» i? . m

"

L

R

,-*•
"— •

X V

^

\

/

R[A
\r

L

y/
v'1

1/1

/v

^s

/
r

'

N—

**•

•w

>

^

-*>

•-*,

;

^\

*— IH

"«•

•— 1

^*

L

R

T t

236 2:37 2:38 2:39 2MO 2:41 2:42 2:43 2:44 2:45 2:46
ELAPSED TIME FROM LIFT-OFF (HR:MIN)

FIGURE 6-1Olb. 6VH DOWNLINK. CSM/MSFN. VHF/AM. SM ANTENN
CSH/S-IV8. EARTH PARKING ORBIT (108 DEGREE). APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

6-259



CSM S-BAND

PCA PARAMETERS. AZI .-77.37
ELV -22.54
RANGE'249

C
C

IV
E

O
 C

AR
R

IE
R

 P
OW

ER
 (

D
BM

)

a 
a 

s 
a 

a 
a

* -95

-105

-115

O
8
»» if

-

^

t
»••• s*

,

J

r

/

>
•v

-/

.̂

V

N
f

\

^

•%!

^

\
\

g
m

>

i
i

i
i
i

^ •M

/^

qn

'0

PI

PI

T

•

i

t

x̂

-j

5moz

»—

m

2:36 2:37 2:38 239 2:40 2:41 2:42 2:43 2:44 2:43 2:46

ELAPSED TIME FROM LIFT-OFF (HR:MIN)

FIGURE 6-101c. 6MH UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
CSH/S-IVB. E A R T H P A R K I N G O R B I T ( 1 0 8 DEGREE) . A P O L L O 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

r -80

K

S -90
a.

u
g-IOO
<LI
o

Ul

-130

• •

i

™ '

'̂ ~

n

•—
,,ir"

\- ^/

/

\.

r̂

^

5

~-

v

-ff

\

\

~v

/\

's,

s/

\

N,

v

r , /
V

en
i
i

i

•̂ s

^

"N-̂ -*•

".1

-^
k

90

'U

CA

PI

p

iH

T

T

Lk

II

(I

o6?

1-3 «
o:
oa:0:

2:36 2:37 2:42 2:43
C H R : M I N )

2:44 2:45 2:462:38 2:39 2:40 2:41
ELAPSED TIME FROM LIFT-OFF

FIGURE 6-101d. 6WM ONLINK MODE 2. C S M / M S F N . S - B A N D . OMNI
C S M / S - I V B . E A R T H P A R K I N G O R B I T ( 1 0 8 D E G R E E ) . A P O L L O 1 0
R E C E I V E D C A R R I E R P O W E R V E R S U S E L A P S E D T I M E FROM L I F T - O F F

6-260



CSM S-BAND

PCA PARAMETERS. AZ1 .-27.37
ELV •22.54
RANGE'249

R
E

C
E

IV
E

D
 C

AR
R

IE
R

 P
O

V
E

R
tO

B
M

)
1

 
1

•
*
 

•
*
 

•
 

1
 

I
'

l
l 

1
 

1
 

I

*3
 

S
 3

 
3

 
3

 
3

 t
il 

5
 

«

o o
» « 8
r« 4 r>

•-

D

B

-•

•7

r

^^

-

•̂
r

'*
-/

~?\
y -^

/^
•̂

A,

\
V

S

\

«•>

llA
n f

\

A

B v
j S

ylk7M

.
v

ftv /
y

-.

1

^
S

V.
V.

B
>
p

i

9(1

70

PI

PI

T

—

••

,.

HL—

36 2:37 2:38 2:39 2:40 2:41 2:42 2:43 2:44 2:45 2:46
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

3

F I G U R E 6 - l O l e . 6NH UPLINK MODE 6. HSFN/CSM. S - B A N O . OMNI
CSM/S- IVB. E A R T H P A R K I N G O R B I T ( 1 0 8 DEGREE) . A P O L L O 10
RECEIVED C A R R I E R POMER VERSUS E L A P S E D T IME FROM L I F T - O F F

? art
CD
o
<r
* ono 00

tu

g-100

o

UJ

' "

I

:

:/

•'.:

• ^

\

r

^x
.y

A

/- ^«

/s

r

•A
N!

^^

^

/

^

k

~v

,̂
1
D

i

^

SN

Vl .B
V

K-

^

>^

\

^

in

^ ;

;

J.

\

^

/*

^

^

^

90

70

LA

P<

P;

<H

T

T

tk

n

u

••

2:36 2:37 2:38 2:39 2:40 2:41 2:42 2:43
ELAPSED TIME FROM LIFT-OFF (HR:MIN)

2:44 2:45 2:46

FIGURE6-lOlf. GWM DNLINK MODE 2. CSM/MSFN. S-BAND. OMNI
CSM/S-IVB. E A R T H P A R K I N G O R B I T (108 DEGREE). APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

6-261



CSM S-BAND

PC* PARAMETERS. AZ1 >-2.373
ELV -3.437
RANGE-684

.40

_*n

§** -£Oen

«
? 71)£
_

t" -8000

u

? on
S
£

.1 flO

.110

*I?A
z30 2:31

î
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7. TRANSPOSITION AND DOCKING

7.1 INTRODUCTION

This section discusses the communications coverage during the

transposition and docking phase-(T and D) of the Apollo 10 mission. The

T and D phase covers the time period from translunar injection to the

S-IVB: slingshot maneuver.

Communication analysis and recommendations are provided for the

CSM S-band and VHF/AM systems. Trajectory data for a 17 May 1969

launch date mission were used in the generation of received carrier

power versus elapsed time plots for this phase of the mission.

. The following communications recommendations are contained.in

this section: •

a) GDS should be primary S-band receiving station.

b) Handover sequence should be from HTV to HAW to
GDS as soon as possible after acquisition of signal at
each station.

c) HAW should be primary VHF/AM station.

d) Maintain ground command selection of CSM omni
antenna D until handover to GDS. Ground command
antenna A at start of CSM/S-IVB separation maneu-
ver. Manually select omni antenna B just prior to
LM spring ejection.

e) Use omni antenna A and 85-foot GDS antenna combina-
tion for color TV transmission scheduled during T and
D phase.

f) Use LEFT CSM VHF/AM antenna prior to CSM/S-IVB
separation. Use RIGHT antenna from CSM/S-IVB
separation and until termination of VHF/AM
communications.

g) The bar graphs and computer plots reflect a 72-degree
launch azimuth and a first opportunity TLI. The event
times shown on the computer plots are for a 17 May
launch date. The event times for the 18 May launch
date are given in Section 4 and on the bar graph.
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7.2 COMMUNICATION CONFIGURATION

The communication configuration for the T and D phase is shown in

Figure 7-1. This configuration consists of both VHF/AM and S-band

communications between the CSM and MSFN. The S-band system will use

uplink PM mode 6 (full uplink) and downlink PM mode 2 (full downlink).

An FM downlink is also available for dumping the contents of the data

storage equipment (DSE). The VHF/AM system will be operated in the

Simplex A mode; i .e . , uplink and downlink VHF/AM voice will be

transmitted on a frequency of 296.8 MHz.

7.3 RF COVERAGE SUMMARY

A bar graph summary of RF communications for the T and D phase

is provided for a 17 May 1969 launch date and for an 18 May 1969 launch

date in Figures 7-2a and 7-2b, respectively. The bar charts show station

coverage, recommended spacecraft antenna selections, and recommended

handover sequence. The spacecraft antenna recommendations are based

on the following criteria and in this order of precedence:

a) Antennas which provide the largest positive circuit
margin (carrier power above the 70 percent WI
voice threshold and 10-3 BEP telemetry threshold
on S-band downlink and carrier power above 90
percent WI voice threshold on VHF/AM downlink)

b) Antennas which allow minimum spacecraft switching

c) Maintenance of ground command antenna switching

Computer plots of received carrier power versus elapsed time from

lift-off (Figures 7-3 through 7-14) are presented for each station providing

S-band or VHF/AM coverage. A plot is provided for each pair of

diametrically opposite CSM S-band omnidirectional antennas (i. e. , A and

C, B and D) for both uplink and downlink signals. A plot is also provided

for the two CSM VHF/AM scimitar antennas for both uplink and downlink

signals. The letters L and R are used on the bar graphs and VHF/AM

plots to designate the CSM VHF LEFT and RIGHT antennas. Plots have

not been provided for the CSM high-gain antennas since it is not normally

activated during this phase of the mission.
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CSM

USB

UPLINK

VOICE
UP DATA
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DOWN

VOICE
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\
J
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NOTES: 1.
2.
3.

ALL AUDIO CENTERS HAVE VHP AND S-BAND VOLUMES UP
S-BAND SQUELCH ENABLED
VHP SIMPLEX A WILL BE SELECTED FOR TRANSPOSITION AND
DOCKING OPERATIONS

Figure 7-1. Communication Configuration for
Transposition and Docking Phase
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The plots are shown in the order of station acquisition of signal.

The VHF/AM and S-band plots are grouped for each station. Section 2

presents a complete description of the RF coverage computer plots

provided in this document.

Uplink mode 6 (PRN ranging, voice, and updata) and downlink

mode 2 (PRN ranging, voice, and 51.2-kbps telemetry) were used for the

S-band computer plots during the transposition and docking phase of the

mission.

The bar graphs and computer plots reflect a 72-degree launch azi-

muth and a first opportunity TLJ. The event times shown on the computer

plots are for a 17 May launch date. The event times for the 18 May launch

date are given in Section 4 and on the bar graph.

The AOS times at the MSFN stations on the 18 May launch date will

be from 1 to 4 minutes different than the acquisition times shown for the

17 May launch date. The differences in AOS times and the resulting

differences in MSFN to CSM look angles do not invalidate the antenna

selection or station coverage recommendations made in this section.

7.4 S-BAND PERFORMANCE

S-band communication coverage for the T and D phase is provided by

HTV, HAW, CDS, GYM, TEX, MIL, GBM, BDA, ANG, and VAN.

Acquisition of signal will occur at HTV first, followed by HAW and GDS,

in that order. Since the acquisition sequence is from a 12-foot station

(HTV) to a 30-foot station (HAW) to an 85-foot station (GDS), handover

from HTV to HAW to GDS should be accomplished as soon as possible

after acquisition of signal at each station. GDS should be the primary

S-band receiving station for the remainder of the T and D phase. CSM

omni antenna D will provide good communications during the handover

sequence and until shortly before CSM/S-IVB separation.

Antenna A will provide the best communications after the attitude

changes associated with S-IVB/CSM separation begin and until shortly

before LM spring ejection.
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In the earth parking orbit discussion, it was recommended that

antenna D be selected by ground command prior to TLI and the S BAND

ANTENNA switches S-40 and S-41 in the CSM be set to OMNI and OMNI A,

respectively, to allow subsequent ground command of antenna A at the

start of the S-IVB/CSM separation maneuver.

A CSM attitude change at LM spring ejection results in omni B pro-

viding the best coverage during and after the LM ejection. Switching to

CSM omni B should be accomplished just prior to the LM spring ejection.

CSM omni B will provide good communication coverage for the remainder

of this phase of the mission which includes the CSM/LM SPS evasive man-

euver and the S-IVB sling shot maneuver.

Color television transmission is scheduled to begin at approximately

3 hours after lift-off and terminate approximately 25 minutes later. The

CSM/S-IVB separation and CSM/LM docking events will occur during this

time period. Omni antenna A will provide sufficient signal strength at

GPS during this time period to produce a good quality color TV picture (a

minimum total received power level of -95 dBm is required at an 85-foot

station to obtain a good quality color television picture).

7. 5 VHF/AM SYSTEM PERFORMANCE

The VHF/AM communication coverage for the T and D phase is pro-

vided by HTV, HAW, CAL, GYM, TEX, MIL, CNV, GBI, BDA, ANT, and

VAN (with acquisition of spacecraft signal in the order listed).

Prior to CSM/S-IVB separation, the LEFT CSM VHF antenna pro-

vides the best communication coverage for HTV, HAW, CAL, GYM, and

TEX. After CSM/S-IVB separation, the RIGHT VHF antenna provides

better communication coverage for all the VHF/AM stations covering this

phase of the mission.

After CSM/S-IVB separation, however, the received carrier power

at the MSFN stations will be considerably below the 90 percent WI voice

threshold using either CSM VHF antenna, and therefore, may not be

usable. This is due initially to the unfavorable spacecraft attitude and

7-7



later to the slant range of the spacecraft from the MSFN stations. (The

maximum range capability, based on 0-dB antenna gain, for 90 percent

WI voice on the VHF/AM system is approximately 8, 555 nautical miles.

Greater range capability can be obtained with the higher antenna gains

provided by favorable spacecraft attitudes. )

HAW provides the best overall uplink and downlink VHF/AM cover-

age and should be the primary VHF/AM station.
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8. TRANSLUNAR COAST

8. 1 INTRODUCTION

This section discusses the communication coverage for the trans -

lunar coast phase. Communications analysis and recommendations are

provided for.the CSM S-band communication system.

The following communication recommendations are provided in this

section:

a) .The CSM omni antennas should be used as the primary
. means of S-band communications during passive

'thermal control (PTC) periods.

b) Switching between CSM omni antennas should be
accomplished by ground command whenever possible.

c) The CSM HGA/GDS 2 10-foot antenna combination must
be used to obtain color TV pictures of satisfactory
quality during the scheduled transmission periods from
near lunar distances because the maximum range
(170, 000 nautical miles) for satisfactory color TV ,

, . pictures from the CSM HGA/85-foot MSFN antenna
combination will be exceeded.

8.2 COMMUNICATION CONFIGURATION

During the translunar period, the CSM will be docked with the LM.

The LM S-band communication system will not be activated during trans -

lunar coast. The spacecraft will be in the PTC mode except when other

activities require different attitudes. The S-band communication con-

figuration for crew active periods is shown in Figure 8-1. This configura-

tion will provide full uplink communications (PM mode 6) for transmission

of voice, updata, and PRN. .Full downlink communications (PM mode 2)

are available with the CSM high-gain antenna (HGA) for transmission of

voice, HER TLM, and PRN. Downlink PM mode 2 may also be available

at near earth distances with the CSM omni antennas if favorable antenna

patterns exist. In most cases, however, downlink communication with the

omni antennas at near earth distances will be limited to PM mode 3 (voice,

LBR TLM, and PRN). Downlink communications with the omni antennas

from near lunar distances can be accomplished with PM mode 8 (low bit

rate telemetry and backup voice). S-band FM downlink communications



are available by means of the HGA for 1:1 playback of GSM voice and

HER TLM (FM mode 1), 32:1 playback of CSM voice and LBR TLM

(FM mode 2), and television (FM mode 4).

'CSM -

S-BAND UP

{VOICE
UPDATA
PRN'

S-BAND PM DOWN (OMNI ANTENNA)

MODE 2) VOICE, HBR TLM, PRN
3) VOICE, LBR TLM, PRN
8) BACKUP VOICE, LBR TLM

S-BAND PM DOWN (HIGH-GAIN ANTENNA)

MODE 2) 'VOICE, HBR TLM,

S-BAND FM DOWN (HIGH-G

MODE 1) 1:1 PLAYBACK OF
AND HBR TLM

2) 32:1 PLAVBACKO
AND LBR TLM

4) TV

MSFN

NOTE: HIGH-BIT RATE TELEMETRY CAN BE USED WITH OMNI ANTENNAS WHEN FAVORABLE ANTENNA PATTERNS EXIST

Figure 8-1. Basic Communication Configuration for Translunar
Coast Phase (Crew Active)

The communication configuration for crew rest periods is shown in

Figure 8-2. This configuration is essentially the same as the crew active

configuration except for the absence of downlink voice communication.

Downlink PM mode 2 will continue to be used with the HGA except that the

voice subcarrier will be unmodulated. Downlink communications with the

CSM omni will be by means of PM mode 9 (LBR TLM and PRN). PM

mode 15 (HBR TLM and PRN) is available (based on 0-dB omni gain) to

approximately 144, 000 nautical miles for the 85-foot MSFN stations.

8-2



S-BAND I

MODE 6

CSM

Jip -. ' .
f VOICE ,
] UPDATA
LPRN

:-

S-BAND PM DOWN. (OMNI ANTENNA)

MODE 9) LBR TLM, PRN .
MODE 15) HBR TLM, PRN

S-8ANO PM DOWN (HIGH GAIN ANTENNA)

MODE 2) HBR TLM, VOICE SUBCARRIER, PRN

'-!

S-BAND FM DOWN (HIGH G

MODE 1) 32:1 PLAYBACK 0

'" . - " MSFN

NOTE: DURING CISLUNAR CREW REST PERIODS, THERE ARE THREE OPTIONS FOR MAINTAINING COMMUNICATIONS :
(1) COMMAND SWITCHING BETWEEN TWO OMNI ANTENNAS AND
(2) HIGH GAIN AUTOMATIC'REACQUISITION MODE
(3) COMMAND SWITCHING BETWEEN HGA AND OMNI D

Figure 8-2. Basic Communication Configuration for Translunar
Coast Phase (Crew Rest)

The downlink mode availability for various CSM/MSFN antenna

combinations for the translunar coast phase is presented in Table 8-1.

Appendix C .provides detailed data on the S-band system capability.

For the crew, rest communication configuration, there are three

options for maintaining communications during PTC periods. The first is

to command antenna, switching between two omni antennas, the second is to

operate the spacecraft HGA in the automatic reacquisition mode, and the

third utilizes the spacecraft HGA and omni D. The automatic reacquisition

mode would require recording LBR data on the DSE when the HGA exceeds

the tracking limits and dumping the contents of the DSE after reacquisition.

The third option will not be used because of the possibility of HGA insta-

bility on reacquisition.

8. 3 S-BAND COVERAGE SUMMARY

A bar graph 'summary of the MSFN station coverage during the

translunar coast phase is given in Figure 8-3. Received carrier power

plots versus elapsed time are shown in Figures 8-4 through 8-21 for two

1-hour passive thermal control (PTC) periods, one beginning at approxi-

mately 55, 000 nautical miles (near earth period) and one beginning at
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approximately 172, 000 nautical miles (near lunar period). CSM orhni

antenna plots are provided for all stations having line of sight during

those periods. CSM HGA plots are provided for typical 30-foot uncooled,

30-foot cooled, and 85-foot MSFN stations since all stations of the same

type will receive approximately the same level of carrier power •with the.

HGA. For calculation of received carrier power, quiet sky pointing

conditions are assumed from TL.I until 1 hour prior to LOI, after which

moon at zenith pointing conditions are assumed. (When the moon is within

th£ beam width of the ground station, the noise contribution of the moon

degrades the ground station receiver sensitivity. )

Uplink PM mode 6 (voice, updata, and PRN ranging) and downlink

PM mode 2 (voice, HER telemetry, and PRN ranging) were used for the

HGA for both near earth and near lunar PTC periods.

Uplink PM mode 6 was used for the uplink omni antenna plots for

the near earth and near lunar PTC periods. Downlink mode 2 was used

for the near earth PTC period, and downlink PM mode 8 (backup voice,

and LBR telemetry) was used for the near lunar PTC period for the down-

link omni plots.

8.4 S-BAND PERFORMANCE

PTC will be used during translunar coast except where other

activities require different attitudes. The intent of the PTC mode is to

achieve thermal cycling by means of continuous spacecraft rotation.

Since the omni antennas will be operating at ranges where attitude is

critical, the continuous rotation of the spacecraft will have an adverse

effect on communications, and frequent antenna and/or mode switching will

be required for 100 percent coverage. This continuous rotation will also

periodically block the HGA line of sight to the MSFN stations.

It is recommended that the CSM omni antenna switching be accom-

plished by ground command whenever possible during crew active periods

or the crew be advised of the optimum switching frequency with respect

to the MSFN receivers. If the crew performs the antenna switching on the

basis of high.headset noise levels, the received carrier power at the

MSFN will usually fall below threshold levels prior to each antenna switch.

1-7



It is recommended that the omni antennas be used as the primary

means of communication during all PTC periods. Communications using

the HGA are subject to shadowing by the LM and CSM structure and gimbal

limitations. (Additional information on usability of HGA during PTC roll,

periods is given in Appendix E. ) When the HGA antenna is used during the

PTC periods, LBR TLM is automatically recorded in DSE when HGA

exceeds gimbal limits. The contents of the DSE are dumped after reacqui-

sition. Difficulties in reacquisition could result in loss of data. The com-

mand switching of HGA and omni D option is not recommended because of

possible HGA instability on reacquisition.

Color TV transmission will be provided during the translunar coast

phase. Two 10-minute broadcasts are scheduled over CDS at 27 hours

15 minutes and 54 hours (elapsed time from lift-off) and one 15 minute

transmission over CDS at 72 hours 20 minutes.

The HGA (NBW)/85-foot MSFN antenna combination will provide a

TV picture of adequate quality during the first transmission period. In

order to obtain adequate quality color TV pictures for the remaining

transmission periods (near lunar distance) periods, the GPS 210-foot

antenna must be used.

8 .4 .1 Near Earth PTC Period

Adequate communication coverage for PM downlink mode 2 is pro-

vided by the 85-foot MSFN stations and the spacecraft omni antennas

during the near earth PTC period covered by the plots by using the

switching sequence D - C - B - A - D . . . . This switching should occur

approximately every 15 minutes. This method of switching can be

accomplished only during crew active periods. The 85-foot MSFN stations

will provide 100 percent coverage with downlink PM mode 3 by switching

between two diametrically opposite omni antennas. The switching

sequence would be A- C - A . . . o r B - D - B . . . and the switching should

occur approximately every 30 minutes. The B - D - B . . . switching

sequence can be used for crew rest periods by ground command switching.

The coverage provided by the CSM omni/30-foot uncooled MSFN

antenna combination with downlink PM mode 2 and by switching between

the four omni antennas will be below threshold. The coverage provided by

the CSM omni/30-foot cooled MSFN antenna combination with downlink PM



mode 2 and by switching between the four omni antennas will be marginal.

Adequate coverage should be provided by the CSM omni/30-foot cooled

MSFN antenna combination with downlink PM mode 3 and by switching

between the four omni antennas.

The CSM HGA in either WBW or NEW mode will provide good cov-

erage for downlink PM mode 2 during the near earth PTC period at the

85-foot MSFN stations. Adequate coverage will be provided by the HGA

in NEW mode at the 30-foot cooled stations; however, the coverage will be

marginal in the WBW mode. The HGA/30-foot uncooled station combi-

nation will provide adequate coverage in the NEW mode but below thresh-

old coverage in the WBW mode.

8. 4. 2 Near Lunar PTC Period

The CSM omni/30-foot uncooled MSFN antenna combination provide

marginal communications with downlink PM mode 8 during the near lunar

PTC period by switching between the four omni antennas. The CSM omni/

30-foot cooled MSFN antenna combination will provide adequate commu-

nications with downlink PM mode 8 by switching between the four omni

antennas. The switching sequence i s D - C - B - A - D . . . . The switch-

ing should occur approximately every 15 minutes. The 85-foot MSFN

stations will provide higher received carrier power levels for the same

switching sequence. This method of providing communication coverage

can be used during crew active periods.

For crew rest periods, ground command switching between diamet-

rically opposite omni antennas will provide received carrier power levels

well above the 70 percent WI voice threshold at the 85-foot MSFN stations.

The sequence of switching is B - D - B . . . , and the switching occurs

approximately every 30 minutes. Switching between two diametrically

opposite omni antennas would also provide adequate coverage at the

85-foot stations during the crew active period.

The HGA NBW mode will provide adequate downlink PM mode 2

coverage at the 30-foot uncooled, 30-foot cooled, and 85-foot MSFN

stations during the near lunar PTC mode covered. The HGA WBW mode

is marginal for the 85-foot stations and below threshold for the 30-foot

stations.

8-9
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CSM S-BAND

PCA PARAMETERS. AZI =-66.42
ELV =15.68
RANGE = 54233
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CSM S-BAND

PCA PARAMETERS. AZI =-66.42
ELV =15.68
RANGED 54293
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CSM S-BAND

PCA PARAMETERS. AZt =58.55
ELV =51.34
RANGE=52589
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PCA PARAMETERS. AZI =58.55
ELV =51.34
RANGE =52589
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CSM S-BAND

PC* PARAMETERS. AZI =28.59
ELV =15.50
RANGE'54290
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PCA PARAMETERS. AZl =28.59
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FIGURE 8-13o. SBM UPLINK MODE 6. HSFN/CSH. S-BAND. OMNI
CSH/LH DESCENT. TRANSLUNAR C O A S T . APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

-105

-183
3200 5206 5212 5218 5224 5230 5236 5242 52:48 5254 53:00

ELAPSED TIME FROM LIFT-OFF CMRtMIN)

FIGURE 8-13b. 6BM DNLINK MODE 8. CSM/NSFN. S -BANO. OMNI
CSM/LH DESCENT. T R A N S L U N A R C O A S T . APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T IME FROM L I F T - O F F

8-32



CSM S-BAND

PCA PARAMETERS. AZI =99.55
ELV =79.89
RANGE =171377

-155
32:00 32:06 52:12 52:18 32:24 52:30 52:36 52:42 52:48 52:54 53:00

ELAPSED TIME FROM LIFT-OFF (HRIMIN)
FIGURE 8-13c. 6BM UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
CSH/LH DESCENT. TRANSLUNAR COAST. APOLLO 10
RECEIVED CARRIER POKER VERSUS ELAPSED TIHE FROM LIFT-OFF

-185
3200 3206 3212 5218 5224 5230 5236 5242 5248 5254 53:00

ELAPSED TIME FROM LIFT-OFF CHRIHIN)
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FIGURE 8-16b. GYM ONLINK MODE 8. CSM/HSFN. S-BANO. OMNI
CSM/LM DESCENT. TRANSLUNAR COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF
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ELV =34.37
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9. LUNAR PARKING ORBIT

9.1 INTRODUCTION

This section describes the communication coverage during the lunar

orbit phase of the Apollo 10 mission. Lunar orbit begins with insertion of

the spacecraft into lunar orbit and ends with initiation of transearth

injection. Communications analysis and recommendations are provided

for the CSM and LM S-band communication systems.

The following communications or considerations are contained in

this section:

a) The GDS 210-foot antenna must be used for color
television at lunar distances to obtain satisfactory
picture quality.

b) Recommended station coverage is shown in Figures 9-5
through 9-7.

c) Received carrier power versus elapsed time from
: lift-off plots are based on a 17 May 1969 launch. The

levels shown for the CSM high-gain antenna and the
LM steerable antenna are the levels that will also be
received during the mission launched 18 May 1969.
The levels shown for the CSM omni antennas and LM
S-band omni (inflight) antennas are representative of
the general capability of these antennas at lunar
distances. The differences in MSFN to spacecraft
look angles that will exist during the 18 May mission,
however, preclude the use of these plots in providing
detailed spacecraft antenna recommendations for the
18 May mission.

9. 2 BASIC COMMUNICATION CONFIGURATIONS

The basic communication configurations for the CSM and the LM

while in lunar orbit are depicted in Figures 9-1 through 9-4. The basic

configurations are

a) Command Module Communications (Crew Awake)

b) Command Module Communications (Crew Asleep)

c) Lunar Module Communications (Steerable Antenna)

d) Lunar Module Communications (Omni Inflight Antennas)
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During the lunar orbit period, the undocked GSM and LM spacecraft

will also be configured to test the following conference modes:

a) Simultaneous voice communication between the LM and
MSFN via S-band and between the LM and CSM via VHF

b) Voice conference communication between LM, MSFN,
and CSM utilizing the LM S-band steerable antenna and
the CSM high-gain antenna with MSFN acting as a voice
relay

c) Voice conference communication between the LM, CSM,
and MSFN using VHF voice communications between the
LM and the CSM with the CSM providing voice relay to
MSFN via S-band

d) Voice communication between the CSM, LM, and MSFN
using VHF voice between the CSM and LM with the LM
providing voice relay via S-band

9. 2. 1 jgSM Communications (Crew Awake)

The communication configuration for the CSM when the crew is

active is shown in Figure 9-1. S-band full uplink (PM mode 6) communi-

cations are available by use of either the CSM high-gain antenna or the

recommended omni antennas for the transmission of voice updata and PRN,

S-BAND UP

CSM

)ICE
DATA
N

S-BAND PM DOWN

(HIGH-GAIN ANTENNA)

fHBR TLM
MODE 2 i VOICE

LPRN

S-BAND PM DOWN
(OMNI ANTENNAS)

2f LBR TLM
MODE 8 I BACKUP VOICE

LPRN

ilMKLbX A VUlLb

1 M
VHF B LBR DATA

S-BAND FM DOWN

(HIGH-GAIN ANTENNA)

MODE 1) 1:1 PLAYBACK OF VOICE (CSM OR LM)

2) 32:1 PLAYBACK OF VOICE (CSM OR LM)
AND CSM LBR TELEMETRY

3) PLAYBACK OF LM LBR SPLIT
PHASE TELEMETRY (5 1.2 OR 12.8 kbps)

4) TELEVISION

MSFN

VHF VOICE AND RANGING CAN BE USED DURING RENDEZVOUS (CSM DUPLEX B)

2THIS MODE HAS BEEN MODIFIED TO INCLUDE PRN

Figure 9-1. Basic CSM Communication Configuration for Lunar Orbit
(Crew Awake)
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Full downlink (PM mode 2) communications are available for the trans-

mission of voice, high bit rate telemetry, and PRN.

During periods in which the CSM high-gain antenna is unable to see

the MSFN, the omni antennas may be selected to provide limited downlink

communications,. Omni antenna D will usually provide good coverage

during the periods of CSM/HGA blockage.

When communication between MSFN and CSM is not possible, CSM

and LM voice, CSM and LM low bit rate telemetry, and LM split-phase

telemetry are stored in the digital storage equipment for subsequent play-

back to MSFN via the S-band FM system.

Voice communications between the CSM and LM are by means of the

VHF 296. 8-MHz channel; LM low bit rate split phase PCM data are trans-

mitted to the CSM via the 259. 7-MHz VHF channel.

9. 2. 2 CSM Communications (Crew Asleep)

Figure 9-2 depicts the communications configuration during the crew

sleep period. During periods of simultaneous sleep for the crew members,

the CSM will be referenced to a landing site and placed in an inertial hold

mode with the attitude fixed to allow the high-gain antenna to see MSFN

without interference. MSFN real-time command will select high bit rate

telemetry (HBR/TLM) when the spacecraft is on the earth side of the

moon and will select low bit rate/digital storage equipment prior to lunar

occultation. Stored data will be dumped on command after AOS via FM

downlink mode 2.

9- 2. 3 LM Communications Configuration

Figure 9-3 shows the primary configuration for lunar orbit com-

munications between the LM and MSFN when the steerable S-band antenna

is in use in tracking MSFN. The MSFN will acquire the LM steerable

antenna for each tracking period unless otherwise specified by the flight

plan. Uplink information (voice, updata, and PRN) are transmitted by

MSFN S-band system. Downlink S-band PM consist of high bit rate telem-

etry, PRN, and voice.
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S-BAND UP

MODE 6 iVOICE
UPDATA
PRN

CSM

S-BAND PM DOWN

(HIGH-GAIN ANTENNA)

f HBR TLM
MODE 2 i VOICE SUBCARRIER

[ PRN

S-BAND FM DOWN

(HIGH-GAIN ANTENNA)

Mnr>F 9MODE 2

32:1 PLAYBACK
oF LBR TELEMETRY

MSFN

NOTE: HIGH-GAIN ANTENNA WILL BE UTILIZED IN THE AUTOMATIC REACQUISITION MODE
WITH LOW BIT RATE DATA BEING RECORDED BEHIND THE MOON AND PLAYED BACK
DURING MSFN COVERAGE.

Figure 9-2. Basic CSM Communication Configuration for Lunar Orbit
(Crew Asleep)

LM

MODE
6

S-BAND UP
P

VOICE
UPDATA
PRN

S-BAND PM DOWN

MODE IH?R'TLM2 [PRN

VHP SIMPLEX A

VHP B

LBR DATA

CSM

MSFN

VHP VOICE AND RANGING CAN BE USED DURING RENDEZVOUS (CSM DUPLEX B)

Figure 9-3. Basic LM Communication Configuration for Lunar Orbit
(Steerable Antenna)
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The inflight antenna communication configuration depicted in

Figure 9-4 will provide backup capability for communications during

periods in which the tracking of the steerable antenna is restricted by the

stops.

LM

VHP SIMPLEX A

VHP

S-BAND UP

fVO'CE
, ] U P D A T A6 IPRN

S-BAND PM DOWN

MODE
4

MODE
8

LBR-
TELEMETRY
BACKUP -
VOICE

'HL BIOMED
,LBR-
TELEMETRY
BACKUP-
VOICE

LBR DATA

CSM

MSFN

NOTES: NO PRN CAPABILITY EXISTS SIMULTANEOUSLY WITH DOWNVOICE AND TELEMETRY.

1. VHP VOICE AND RANGING CAN BE USED DURING RENDEZVOUS (CSM DUPLEX B).
2. LBR DATA WILL BE RECORDED DURING LUNAR OCCLUSION.

Figure 9-4. Basic LM Communication Configuration for Lunar Orbit
(Inflight Antenna)

The CSM S-band emergency backup modes will not be tested during

the mission; therefore, the LM S-band system will be the backup for the

CSM S-band system. In case of failure of the CSM S-band, the LM S-band

with the steerable antenna will become the means of communications

between the MSFN and the spacecraft.

Communications between spacecraft will be by means of VHF

Simplex A (296. 8 MHz) with LBR data transmitted by the LM on .

259. 7 MHz. An analysis of spacecraft to spacecraft VHF communication

is presented in Reference 17.
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9.3 RF COVERAGE SUMMARY . . . -

Computer plots of received carrier power versus elapsed time from

lift-off are provided for the CSM and LM S-band communication systems.

The 17 May 1969 launch trajectory data were used in the generation of

i these plots. Computer plots of received carrier power versus elapsed

time from lift-off for the CSM and LM S-band systems based on an

18 May 1969 launch date will be published in an addendum to this report

when the new trajectory data become available. The computer plots

contained in this section, however, are still applicable in many respects

and are useful in determining spacecraft communication system perfor-

mance for an Apollo 10 mission having an 18 May 1969 launch date.

Conclusions and recommendations -with respect to the 18 May launch will

be given later in this section.

Figures 9-8 through 9-59 are plots of downlink received signal power

versus elapsed time from lift-off for the CSM and LM spacecraft. (An

explanation of the computer plots contained in this document is presented

in Section 2.) CSM omni antenna plots are provided for one typical 85-foot

station for each lunar revolution. CSM HGA plots are provided for one

typical 85-foot station and one typical 30-foot cooled station for each lunar

revolution. Plots for the LM inflight and steerable antennas are chosen

similarly. CSM downlink omni antenna plots are for PM mode 8. LM

downlink inflight antenna plots are for PM mode 4. CSM HGA and LM

steerable downlink plots are for PM mode 2.

Figures 9-5a, 9-6a, and 9-7a provide a bar graph summary of the

MSFN stations which have the opportunity of communication with the space-

craft and the times of possible acquisition and loss of signal based on

MSFN 0-degree antenna elevation for an Apollo 10 mission having a

17 May 1969 launch date. During the lunar orbit, the loss of communica-

tions that will occur during periods of lunar occultation are indicated by

the breaks in the station coverage.

The bar graphs also indicate the recommended MSFN stations for

each lunar orbit. A bar graph summary for an Apollo 10 mission having

an 18 May launch date is provided by Figures 9-5b, 9-6b, and 9-7b.
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Figure 9-7b. RF Coverage Summary
for Lunar Parking Orbit
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18 May 1969 Launch-
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Table 9- 1 presents a listing of CSM omni and LM antenna recom-

mendations along with the recommended times for antenna switching

and the recommended stations for omni or inflight communications on a

per revolution basis for the 26 revolutions planned for the 17 May 1969

mission. Choice of omni or inflight antenna and receiving station is based

on maintaining-a positive circuit margin with a minimum of antenna switch-

ing. Omni and inflight recommendations are made for backup purposes in

case the HGA or steerable antenna malfunction or in case spacecraft atti-

tude makes the use of the HGA or steerable antennas impossible. Where

available information indicated that use of either the HGA or the steerable

antenna was impossible over a significant period of time due to spacecraft

attitude, that period of time is listed" in Table 9-1-

The analysis throughout this section assumes moon at zenith. Due

to the range of the spacecraft from the MSFN during this part of the

mission, only certain of the downlink modes are available with a positive

circuit margin when using the omni and inflight antennas on the CSM and

LM, respectively. All CSM PM modes, however, will exhibit positive

circuit margins using the high-gain antenna (NEW). Table 9-2 presents

pertinent PM mode availability data taken from Appendix C. FM mode-as -

a-whole analysis shows that the CSM FM modes will also be available

using the CSM high-gain antenna (NEW). LM PM modes 1-5, 7 and 8 are

available using the LM steerable antenna. FM test data analysis indicates

the LM FM mode 9 (voice, telemetry) will operate satisfactorily at lunar

distance with the LM steerable/85-foot MSFN antenna combination.

Appendix C presents the capabilities of the CSM and LM PM and FM

modes.

The time between events and maneuvers during the undock to dock

period remain the same for a mission launched on 18 May 1969. The time

of events during this period occur approximately 20 minutes earlier than

they would have on a mission launched on 17 May 1969. The AOS and LOS

times for each lunar orbit occur approximately 23 minutes earlier for the

18 May mission. The time of major events for lunar orbit for a 17 May

launch date mission are given in Table 9-3. The times of major events

for the 18 May launch date mission are given in Section 4.
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Table 9-2. S-band Downlink Mode Availability for Lunar Parking Orbit

CSM

LM

Modes Which Meet Required Performance Levels
30-ft Cooled MSFN Stations 85-ft MSFN Stations

Omni antennas:
PM mode 10 only

High-gain antenna (WBW):
PM modes 5, 7, 8, and 10

High-gain antenna (NEW):
PM modes 1 through 5 and
7 through 10, 15

Inflight antennas:
PM modes 3 and 5

Steerable antenna:
PM modes 1, 2, 3,
7, and 8

4, 5,

• Omni antennas:
PM modes 5 through 10

• High-gain antenna (WBW):
PM modes 3 through 10

• High-gain antenna (NEW):
all PM modes

• FM modes 1, 2, 3, and 4

• Inflight antennas:
PM modes 3, 4, and 5

• Steerable antenna:
PM modes 1, 2, 3, 4, 5,
7, and 8

• FM mode 9

Note: Derived from data in Appendix C. All omni and inflight information
shown is based on 0-dB gain for the omni and inflight antennas.
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Table 9-3. Lunar Parking Orbit Sequence of Key Events for.-72.r-Degree
: Launch Azimuth, 17 May 1969 Launch

Time from Lift-off
Event

Lunar orbit insertion burn

Lunar orbit circularization
burn

Intravehicular transfer to
LM

Intravehicular transfer to
CSM

Begin 8-hr rest period

End 8-hr rest period

LMP intravehicular trans-
fer to LM

CDR intravehicular trans-
fer to LM

S-band steerable antenna
checks

Secondary S-band T/R and
power amplifier check

LMP intravehicular trans -
fer to CSM

LMP intravehicular trans-
fer to LM

Switch to S-band steerable
antenna

Undock

CSM SEP

Rendezvous radar and VHF

Mnemonic

LOI-1

LOI-2

IVT-LM

IVTCSM

BEREST

ENREST

IVT-LM

IVT-LM

STEERA

SECCHK

IVTCSM

IVT-LM

SWSTEE

UNDOCK

CSMSEP

RR/VHF

(hr:min:sec)

76:08:18

80:32:12

82:07:00

83:55:00
.,

' 86:00:00

94:00:00

95:00:00
,

95:08:00

95:27:00

95:31:00

95:34:00

95:50:00

97:15:00

98:30:44

98:55:44

99:04:00

(day:hr:min:sec]

03:04:08:18

03:08:32:12

03:10:07:00

03:11:55:00

03:14:00:00

03:22:00:00

03:23:00:00

03:23:08:00

03:23:27:00

03:23:31:00

03:23:34:00

03:23:50:00

04:01:15:00

04:02:30:44

04:02:55:44

04:03:04:00
ranging checks
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Table 9-3. Lunar Parking Orbit Sequence of Key Events for 72-Degree
Launch Azimuth, 17 May 1969 Launch (Continued)

Time from Lift-off
Event

Landing radar test

LM'DPS descent orbit
insertion burn

Initiate rendezvous radar
tracking

Terminate RR tracking

LM descent orbit,
pericynthion

LM DPS phasing burn

Initiate RR tracking and
VHF ranging.

Terminate RR tracking

Initiate RR tracking

Terminate RR tracking

Initiate RR tracking

Terminate RR tracking

LM RCS staging

LM APS insertion burn

Initiate RR tracking

LM RCS CSI

LM RCS plane change

LM RCS CDH

LM RCS TPI

First LM midcourse

Mnemonic

LDGRDR

DPSDOI

RR-ON

RR-OFF

PERICN

DPSPHA

RR-ON

RR-OFF

RR-ON

RR-OFF

RR-ON

RR-OFF

RCSSTG

LMNSRT

RR-ON

LM-CSI

LM-PC

LM-CDH

LM-TPI

MCC-1

(hr:min:sec)

99:39:00

99:54:12

99:56:00

100:20:00

100:51:31

101:06:35

101:10:00

101:18:00

101:38:00

101:53:00

102:30:00

102:49:00

102:53:00

103:03:29

103:21:00

103:54:40

104:23:54

104:52:41

' 105:28:59

105:43:59

(day:hr:min:sec)

04:03:39:00

04:03:54:12

04:03:56:00

04:04:20:00

04:04:51:31

04:05:06:35

04:05:10:00

04:05:18:00

04:05:38:00

04:05:53:00

04:06:30:00

04:06:49:00

04:06:53:00

04:07:03:29

04:07:21:00

04:07:54:40

04:08:23:54

04:08:52:41

04:09:28:59

04:09:43:59
correction (RCS)

9-21



Table 9-3. Lunar Parking Orbit Sequence of Key Events for 72-Degree
Launch Azimuth, 17 May 1969 Launch (Continued)'

Event

Second LM midcourse
correction (RCS)

Rendezvous

LM active docking

Begin LM S-band omni tests

.End LM S-band omni tests

Begin LM S-band steerable
tests

CDR intravehicular trans-
fer to CSM

LMP intravehicular trans-
fer to CSM

Jettison LM

LM APS burn to depletion

Begin 8-hr rest period

End 8-hr rest period

Transearth injection burn

Time from Lift-off
Mnemonic (hr:min:sec) (day;hr:min;sec)

MCC-2 105:58:59 04:09:58:59

RENDEZ

LMDOCK

OMTEST

STTEST

IVTCSM

IVTCSM

JETTLM

LMAPSD

BEREST

ENREST

TEI

106:15:30

106:40:00

106:50:00

107:00:00

107:20:00

107:30:00

107:40:00

108:34:00

109:04:00

109:49:00

118:00:00

129:50:00

04:10:15:30

04:10:40:00

04:10:50:00

04:11:00:00

04:11:20:00

04:11:30:00

04:11:40:00

04:12:34:00

04:13:04:00

04:13:49:00

04:22:00:00

05:09:50:00
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Analysis of the RF coverage data contained in this section results

in the following conclusions and recommendations for the lunar parking

orbit for an 18 May 1969 launch:

a) The station coverage recommended for the first 26
revolutions will apply with the exception that HSK should
continue providing prime station coverage through the
seventh revolution and MAD should begin providing
prime station coverage on the eighth revolution. The
same general sequence of prime station coverage will
apply for the additional revolutions planned for the
18 May 1969 mission.

b) The received carrier power predicted for the high-gain
antenna and the steerable antenna will remain the same
for like stations.

c) The frequency and time duration of HGA limitations
given in Table 9-1 are representative of the limitations
to be expected on the 18 May launch. The time that
the HGA exceeds its electrical or mechanical limits
with respect to a maneuver associated with a particular
event will remain essentially the same.

d) The general performance of the omni antennas indicated
in the received carrier power plots is representative of
the performance to be expected on an 18 May 1969 launch.
The plots show the relative changes in carrier power
and the frequency of antenna switching that would be
required to maintain positive circuit margins during
the various maneuvers. Due to differences in MSFN
look angles for the two missions, the carrier power
levels shown for the individual antennas will not neces-
sarily remain the same. A particular omni antenna
shown in the plots as providing the best coverage for a
particular station and event may not necessarily provide
the best coverage for the 18 May launch.

e) Antenna D will normally be usable when the HGA is not
available. The omni antenna recommendations for the
times the HGA is not usable will not necessarily apply
due to the differences in MSFN station look angles.

9. 4 CSM S-BAND PERFORMANCE

I The 85-foot MSFN stations will normally be used for all lunar dis-

tance CSM communications. During lunar orbit, CSM/LM docked, crew

awake, coasting flight operations, an inertial attitude will be maintained

that will allow MSFN to acquire either the CSM HGA or LM steerable

antenna without crew assistance. During the sleep periods the spacecraft

will be oriented so that HGA faces MSFN without interference from the
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SPS engine bell. During the sleep period, the HGA will be in the auto

REACO mode and the S-band system will be controlled by RTC to select

TLM - HER on the lunar earth side and LBR/DSE recording on the lunar

far side. This procedure will provide for playback of LBR data recorded

on the lunar far side when the spacecraft after acquisition on the earth

side. Due to spacecraft attitude, the CSM HGA will not be in view of

MSFN during any CSM landing site tracking period.

All CSM HBR data at lunar distance will require the use of the CSM

high-gain antenna in combination with either a 30-foot cooled or 85-foot

MSFN station.

Lunar multipath may cause poor communications for periods of less

than one minute duration at times of reacquisition after lunar occultation.

This may cause large errors in data transmission and possibly erratic

antenna tracking. Normal acquisition procedures should not be affected

because of the short duration of the lunar multipath effects.

FM mode-as-a-whole analysis (excluding color TV) shows FM avail-

ability from the CSM at lunar distance only when using the GSM HGA

(NEW) antenna in combination with an 85-foot MSFN station. The CSM

FM modes will normally be used for DSE playbacks and CSM real-time

TV; however, the CSM FM transmitter can also be used for real-time

TLM and voice backup.

Color TV will be transmitted during the post-LOI period and during

undocking. Black and white television is also available during the lunar

parking orbit phase. The maximum range of the CSM HGA/85-foot MSFN

antenna combination for excellent color TV picture quality is approximately

170, 000 nautical miles; therefore, the Z10-foot antenna at CDS must be

used for color TV reception. A detailed analysis of CSM FM modes for

the Apollo 10 mission is presented in Appendix F.

On Apollo 10 and subsequent missions, 85-foot MSFN stations will

have new phase lock loop FM demodulators with selectable two sided loop

bandwidths of 3. 6 MHz (narrow) or 10 MHz (wide). To assure proper

demodulation of CSM and LM FM signals, the demodulators must be con-

figured as follows:

a) CSM FM mode 1 - narrow
b) CSM FM mode 2 - narrow
c) CSM FM mode 3 - narrow -
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d) CSM FM mode 4 - wide
e) LM FM mode 9 - wide
f) LM FM mode 10 - wide

If these configurations are not used, CSM and LM data will be

severely degraded (especially CSM mode 4 and LM mode 10 which have TV

with large frequency deviations).

9. 5 LM S-BAND PERFORMANCE

The 85-foot antenna MSFN stations will normally be used for all

lunar distance LM communication. During CSM/LM lunar orbit, docked,

crew awake, coasting flight operations an attitude will be maintained that

will allow MSFN to acquire either the CSM HGA or LM steerable antenna

without crew assistance. All LM HER data at lunar distance will require

the use of the steerable antenna in combination with either a 30-foot cooled

or an 85-foot MSFN station.

Hard line biomed data are available from the LM at lunar distance

only on the steerable antenna in combination with either a 30-foot cooled

or 85-foot MSFN station LM downlink PM mode 11 (PRN only) will be

available on S-band inflight antennas.

Due to the broad ground station antenna beamwidth at lunar distance

(approximately 1100 nautical miles), there is only a remote possibility

that during separation activities the LM (CSM) will not be within the

ground station antenna beam that is tracking the CSM (LM). Should this

occur, however, use of a JPL wing site will enable the same station to

talk to both spacecrafts simultaneously. The steerable antenna will be in

free track while on earth side of moon.

Prior to LM jettison, the LM S-band steerable antenna will be set

at a fixed position for the APS burn to depletion, DATA will be in the HER

position. MSFN will attempt to track the LM and obtain TLM data after

the APS burn to depletion. Received carrier power versus elapsed time

are provided for the time period from LM jettison to one hour after the

APS burn. The LM S-band system, however, will remain in operation

until onboard power is exhausted.
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CSM S-BAND
17 May Launch
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CSM S-BAND
17 May Launch
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CSM S-BAND
17 May Launch
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10. TRANSEARTH COAST '

10.1 INTRODUCTION

This section discusses the communication coverage for the trans-

earth coast phase. Communications analysis and recommendations are

provided for-the CSM S-band communication system.

- The following communication recommendations are provided in this

section: . • ' . • • • •

a) The CSM omni antennas should be used as the primary
means of S-band communications during passive
thermal control (PTC) periods.

b) Switching between CSM omni antennas should be
accomplished by ground command whenever possible.

c) The CSM HGA/GDS 2 10-foot antenna combination must
be used to obtain color TV pictures of satisfactory
quality during the scheduled transmission periods from
near lunar distances because the maximum range
(170,000 nautical miles) for satisfactory color TV
pictures from the CSM HGA/85-foot MSFN antenna
combination will be exceeded.

10.2 COMMUNICATION CONFIGURATION

During the transearth period the spacecraft will be in the PTC mode

except when other activities require different attitudes. The S-band com-

munication configuration for crew active PTC periods is shown in

Figure 10-1. ' This configuration will provide full uplink communications

(PM mode 6) for transmission of voice, updata, and PRN. Full downlink

communications (PM mode 2) are available with the CSM high-gain antenna

(HGA) for transmission of voice, HER TLM, and PRN. Downlink PM

mode 2 may also be available at near earth distances with the CSM omni

antennas if favorable antenna patterns exist. In most cases, however,

downlink communication with the omni antennas at near earth distances

will be limited to PM mode 3 (voice, LBR TLM, and PRN). Downlink com-

munications with the omni antennas from near lunar distances can be

accomplished with downlink PM mode 8 (low bit rate telemetry and backup
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voice). S-band FM downlink communications are available by means of the

HGA for 1:1 playback of CSM voice and HER TLM (FM mode 1), 32:1 play-

back of CSM voice and LBR TLM (FM mode 2), and television (FM

mode 4).

' ' • - . . - - C S M . . . ,

S-BAND UP

f VOICE
6 •{ UPDATA

LPRN

S-BAND PM DOWN (OMNI ANTENNA)

MODE 2) VOICE, HBR TLM, PRN
3) VOICE, LBR TLM, PRN
8) BACKUP VOICE, LBR TLM

S-BAND PM DOWN (HIGH-GAIN ANTENNA)

MODE 2) VOICE, HBR TLM,

S-BAND FM DOWN (HIGH-G

MODE 1) 1:1 PLAYBACK OF
AND HBR TLM

2) 32:1 PLAYBACKO
AND LBR TLM

4) TV

MSFN

NOTE: HIGH-BIT RATE TELEMETRY CAN BE USED WITH OMNI ANTENNAS WHEN FAVORABLE ANTENNA PATTERNS EXIST

Figure 10-1. Basic Communication Configuration for Transearth
.-.. . Coast Phase (Crew Active)

The communication configuration for crew rest PTC periods

is shown in Figure 10-2. This configuration is essentially the same as the

crew active configuration except for the absence of downlink voice commu-

nication. Downlink PM mode 2 will continue to be used with the HGA

except-that the voice subcarrier will be unmodulated. Downlink communi-

cations with, the CSM omni will be by means of PM mode 9 (LBR TLM and

PRN). PM mode 15 (HBR TLM and PRN) is available (based on 0-dB omni

gain) within approximately 140, 000 nautical miles for the 85-foot MSFN

stations. - .
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CSM

JJP

f VOICE ,
•1 UPDATA
IPRN

S-BAND PM DOWN (OMNI ANTENNA)

MODE 9) LBR TLM, PRN
MODE 15) HBR TLM, PRN

S-BANO PM DOWN (HIGH GAIN ANTENNA)

MODE 2) HBR TLM, VOICE SUBCARRIER, PRN

S-BAND FM DOWN (HIGH G

MODE 1) 32:1 PLAYBACKO

MSFN , ' • ;'.

'NOTE- .DURING CISLUNAR CREW REST PERIODS, THERE ARE THREE OPTIONS FOR MAINTAINING COMMUNICATIONS
•: ,(]) COMMAND SWITCHING BETWEEN TWO OMNI ANTENNAS AND .

"(2) HIGH GAIN.AUTOMATIC REACQUISITION MODE
(3) COMMAND SWITCHING BETWEEN HGA AND OMNI D

Figure 10-2. Basic Communication Configuration for Transearth
Coast Phase (Crew Rest)

The downlink mode availability for various CSM/MSFN antenna com-

binations for the transearth coast phase is presented in Table. 10-1.

Appendix C provides detailed data on the S-band system capability.

For the crew rest communication configuration, there are three

options for maintaining communications during PTC periods. The first is

to command antenna switching between two omni antennas, the second is to

operate the spacecraft HGA in the automatic reacquisition mode, and the

third utilizes the spacecraft HGA and omni D. The automatic reacquisition

mode would require recording LBR data on the DSE when the HGA exceeds

the tracking limits and dumping the contents of the DSE after reacquisition.

The third option will not be used because of the possibility of HGA Insta-

bility on reacquisition. ;

10.3 S-BAND COVERAGE SUMMARY

A bar graph summary of the MSFN station coverage during the trans-

earth coast phase is given in Figure 10-3. Received carrier power plots

versus elapsed time are shown in Figures 10-4 through 10-15 for.a

1-hour period following TEI ignition (TEI to TEI +1 hour) and for two

1-hour passive thermal control (PTC) periods, one beginning at approxi-

mately 150, 000 nautical miles (near lunar period) and one beginning at

approximately 50, 000 nautical miles (near earth period).

10-3



CO

cd
o
U

•B
*•<
co
0)
CO
d
n)
fn
H

o

tX
4J

I—I• H

coi—i
•H

CO

Jlj

0
Q

co
rC
I

•w
U

i
o

^D
CO
H

e
ls

d
o

• H
4->
CO
4-J
W

2
h
co

o £

0)

CT
a)

a

co
(U

T)

CO

C
S

o
o
o
I
o
m

ri °W -

co ^, .

pqH

•f O:s°d u
fj) •"

4-) CO

d
CO
V

cd T) "£

I IS
TSS-
430.^

r-

rt <

F
M

 m
o

d
e
s

ffi rt K rt <1

(Vr-

d
<D

M

d

Vi O
CO O

a

ffl

U
X
H

TJ
d
(U
a
PH
<

«.s
T) DO

is
i «

4-1
tf d
(U CO

<U S
P o

CO
3
cr

T)
D

CO

bO

T»
VH
0

<U

,10-4



SEVENTH MIDCOURSE
CORRECTION

SIXTH MIDCOURSE •
CORRECTION

FIFTH MIDCOURSE
CORRECTION

[— — PTC— »| |-»-PTC—-|
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CSM HGA plots are provided for a typical 30-foot cooled station and

for a typical 85-foot station during the TEI to TEI -fi hour period since all

stations of the same type will receive approximately the same level of

carrier power with the HGA. '

CSM omni antenna plots are provided for all stations having line of

sight during the PTC periods. CSM HGA plots are provided for typical

30-foot cooled, and 85-foot MSFN stations. (No 30-foot uncooled MSFN

stations have line of sight during either of the PTC periods covered).

For calculation of received carrier power, quiet sky pointing condi-

tions are assumed for the two PTC periods. Moon at zenith pointing condi-

tions are assumed during the TEI to TEI +1 hour period. (When the moon

is within the beam width of the ground station, the noise contribution of

the moon degrades the ground station receiver sensitivity. )

Uplink.PM mode 6 (voice, updata, and PRN ranging) and downlink

PM mode 2 (voice, HER telemetry, and PRN ranging) were used for the

HGA for near earth, and near lunar, PTC periods and for the TEI to TEI

+1 hour period.

Uplink PM mode 6 was used for the uplink omni antenna plots for the

near earth and near lunar PTC periods. Downlink mode 2 was used for the

near earth PTC period, and downlink PM mode 8 (backup voice, and LBR

telemetry) was used for the near lunar PTC period and for the TEI to TEI

+1 hour period.

10.4 S-BAND PERFORMANCE

PTC will be used during transearth coast except where other activi-

ties require different attitudes. The intent of the PTC mode is to achieve

thermal cycling by means of continuous spacecraft rotation. Since the

omni antennas will be operating at ranges where attitude is critical, the

continuous rotation of the spacecraft will have an adverse effect on com-

munications, and frequent antenna and/or mode switching will be required

for 100 percent coverage. This continuous rotation will also periodically

block the HGA line of sight to the MSFN stations.
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It is recommended that the. CSM omni antenna switching be accom-

plished by ground command whenever possible during crew active periods

or the crew be advised .of the optimum switching frequency with respect to

the MSFN receivers. If the crew performs the antenna switching on the

.basis of high headset noise, levels, the received carrier power at the

MSFN will usually fall below threshold levels prior to each antenna switch.

; It is recommended that the omni antennas be used as the primary

means,of communication during all PTC periods. Communications using

the HGA are subject to shadowing by the LM and CSM structure and gimbal

limitations. (Additional information on usability of HGA during PTC roll

periods is given in Appendix E. ) When the HGA antenna is used during the

PTC periods, LBR TLM is automatically recorded in DSE when HGA

exceeds gimbal limits. The contents of the DSE are dumped after reacqui-

sition. Difficulties in reacquisition could result in loss of data. The com-

mand switching of HGA and omni D option is not recommended because of

possible HGA instability on reacquisition. : ...

Color TV transmission will be provided during the trahsearth coast

phase. Color broadcasts are scheduled over GDS at 152 hours 35 minutes

(near lunar distance) and 186 hours 50 minutes (near, earth distance). A

black and white broadcast is scheduled over GDS at approximately

137 hours 45 minutes. ' ; . . . .

' ' The HGA (NBW)/85-fbot MSFN antenna combination will provide a

TV picture of adequate quality during the black and white TV transmission

period and during the second color TV transmission period^ In order to

obtain adequate quality color TV pictures during the first color TV trans-

mission period (near lunar distance), the GDS 210-foot antenna must be

used.

10.4.1 TEI to TEI +1 Hour Period

The CSM HGA/85-foot MSFN antenna combination and the CSM HGA/

30-foot cooled MSFN antenna combination will provide good communica-

tions with downlink PM mode 2 and in the NEW mode of operation. The

WBW mode of operation will be below the threshold of both antenna

combinations.
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The CSM omni/85-foot MSFN antenna will provide good communica-

tions with downlink PM mode 2. The CSM omni/30-foot cooled MSFN

stations will provide below threshold communications with uplink PM -.

mode 6 and marginal coverage with downlink PM mode 8.

10. 4.2 Near Lunar PTC Period

The CSM omni/30-foot uncooled MSFN antenna combination provide

marginal.communications with downlink PM mode 8 during the near lunar

PTC period by,switching between the four omni antennas. No 30-foot

uncooled MSFN station has line of sight during the period considered. The

CSM omni/30-foot cooled MSFN antenna combination will provide adequate

communications with downlink PM mode 8 by switching between the four

omni antennas. The switching sequence i s D - C - B - A - D . . ." . The

switching should occur approximately every 15 minutes. The 85-foot

MSFN stations will provide higher received carrier power levels for the

same switching sequence. This method of providing communication cov-

erage can only be used during crew active periods.

For crew rest periods, ground command switching between diamet-

rically opposite omni antennas will provide received carrier power levels

well above the 70 percent WI voice threshold at the 85-foot MSFN stations.

The sequence of switching is B - D - B . . . , and the switching occurs

approximately every 30 minutes. Switching between two diametrically

opposite omni antennas would also provide good coverage at the 85-foot

stations during the crew active period.

The HGA NBW mode will provide adequate downlink PM mode 2 cov-

erage at the 30-foot uncooled, 30-foot cooled, and 85-foot MSFN stations

during the near lunar PTC mode covered. The HGA WBW mode is above
_ 3

the 10 BEP telemetry threshold for the 85-foot stations and below that

threshold for the 30-foot stations.

10. 4. 3 Near Earth PTC Period

Good communication coverage for PM downlink mode 2 is provided

by the 85-foot MSFN stations and the spacecraft omni antennas during the
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near earth PTC period covered by the plots by .using the switching sequence

D - C ' - ' B - A - D . . . -. This .switching should occur approximately

every 15 minutes. This method of switching can be accomplished only

during crew active periods. The 85-foot MSFN stations will provide

100 percent coverage with downlink PM mode 2 by switching between two

diameterically opposite omni antennas. The switching sequence would be

A - C - A . . . or B - D - B . . . and the switching should occur approxi-

mately every 30 minutes. The B - D - B . . . switching sequence can be

used for crew rest periods by ground command switching.

„ The coverage provided by the CSM omni/30-foot uncooled MSFN

antenna combination with downlink PM mode 2 and by switching between the

four omni antennas will be marginal or below threshold. (No 30-foot

uncooled MSFN station has line of sight during the period covered. ) The

coverage provided by the CSM omni/30-foot cooled MSFN antenna com-

bination with downlink PM mode 2 and by switching between the four omni

antennas will be adequate.

The CSM HGA in either WBW or NEW mode will provide good cov-

erage for.downlink PM mode 2 during the near earth PTC period at the

85-foot MSFN stations. Good coverage will be provided by the HGA in

NEW or. WBW mode at,the 30-foot cooled stations. The HGA/30-foot

uncooled station combination should provide marginal coverage in the

NEW mode but below threshold coverage in the WBW mode.
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FIGURE 10-8e. HSK UPLINK MODE 6. MSFN/CSM. S-BANO. OMNI
CSH ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TINE FROM LIFT-OFF

-95

-105

5-125

5-135

-153

-165

-175

70
r3-

m
•<
m
o
a:
a.

ac
o

159:30 159:45 160:00 160:15 160:30 160:45 161:00 161:15 161:30 161:45 162:00
ELAPSED TIME FROM LIFT-OFF (H«:MIN)

FIGURE 10-8f. HSK DNLINK MODE 8. CSM/MSFN. S - B A N O . OMNI
CSH ONLY. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED C A R R I E R P O W E R VERSUS ELAPSED T IME FROM L IFT-OFF

10-23



CSM S-BAND

PCA PARAMETERS. AZI »-87.00
ELV »24.04
RANGE'143433

-133
139:30 139:43 160:00 160:15 160:30 160:43 161:00 161:13 161:30 I61M3 162:00

ELAPSED TIME FROM LIFT-OFF ( H R r M I N )

FIGURE 10-9o. HAW UPLINK MODE 6. MSFN/CSM. S-BANO. OMNI
CSM ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-103

-113

:-l25

-135

g-145

:-i55

-163

-173

<n
CAiR lER

106

10-3

CD
o
a
a.
a:
o
ac
ac

-183
139:30 159:43 160:00 160:15 160:30 160:45 161:00 161:15 161:30 161:45 162:00

ELAPSED TIME FROM LIFT-OFF CHRtMIN)

FIGURE 10-9b. HAM DNLINK MODE 8. CSM/MSFN. S-BANO. OMNI
CSN ONLY-. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

10-24



CSM S-BAND

PC* PARAMETERS. AZI =-87.00
ELV =24.04
RANGE*141433

-73

-85

-35

1-105

S-M5

-125

-135

-U5

-153

P(

CA !R ER

10"

£
u

13*30 159:45 160:00 160:15 160:30 160:43 161:00 161:15 161:30 161:45 162:00

ELAPSED TIME FROM LIFT-OFF CHRIMIN)

FIGURE 10-9c. HAM UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
CSM ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER. VERSUS ELAPSED TIME FROM LIFT-OFF

-105

-115

:-l23

-135

•-145

:-155

-165

-175

-185

CA IR ER

,0S

10',-3

CD
O
oe
o.

ac
o
ce
cc

199C30 139:45 160:00 160:15 160:30 160:45 161:00 161:15 161:30 161:45 162:00
ELAPSED TIME FROM LIFT-OFF CHRIMIN) .

FIGURE 10-9d. HAH ONLINK MODE 8. CSM/MSFN. S -BANO. OMNI
CSM ONLY. - T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T IME FROM L IFT-OFF

10-25



CSM S-BAND

PCA PARAMETERS. AZI »29.39
ELV -47.84
RANGE'144295

-75

-95

>-l05

5-115

-135

-145

90 PI

70 P(

CA ER

io6

m•<
m
g

-155
139:30 159:45 160:00 160:15 160:30 160:45 161:00 161:15 16U30 161:45 162:00

ELAPSED TII« FRW1 LtFT-OFF CHR'.MIN)

FIGURE 10-10a. CRO UPLINK HOOE 6. M S F N / C S M . S-BANO. OHM I
CSH ONLY. TRANSEARTH C O A S T . A P O L L O 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED T IME FROM LIFT-OFF

-105

-U5

£-125

5-135

-145

-155

-165

-175

-185

CARR ER

I5b

10',-3

m
o

ac
o
a
a:

15X30 15*45 160:00 160:15 160:30 160:45 161:00 161:15 161:30 161:45 162:00
ELAPSED TIME FROM LIFT-OFF CHfCMIN)

FIGURE 10-10b. CRO DNLINK MODE 8. CSM/MSFN. S-BANO. OMNI
CSH ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

10-26



CSM S-BAND

PC* PARAMETERS. AZI »29.39
ELV -47.84
RANGE' 144293

139:30 15*43 160:00 160:13 160:30 160:45 161:00 16U13 161:30 161:43 162:00
ELAPSED TIME FROM LIFT-OFF tHRIMIN)

FIGURE 10-IOc. CRO UPLINK MODE 6. HSFN/CSM. S-BANO. OHNI
CSM ONLr. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-in

-115

-135

?-I45

IS

-165

-173

Ii
CA IR ER

16s

o
a:
a

ec
o
a:
a:

-185
159:30 15X43 160:00 160:15 160:30 16*45 161:00 161:13 161:30 161:45 162:00

ELAPSED TIME FROM LIFT-OFF (HRIMIN)
; FIGURE 10-10d. CRO ONLINK MODE 8. CSM/NSFN. S-BAND. OHNI

CSM ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

10-27



•C'SM S-BAND

PCA PARAMETERS. AZI --96.20
ELV «7a.20
RANGE*143497

-133
139:30 139:43 160:00 160:15 160:30 160:43 161:00 161:13 161:30 161:43 162:00

ELAPSED TIME FROM LIFT-OFF -CHR:MINJ
FIGURE 10-lla. 6WM UPLINK MODE 6. MSFN/CSM. S-BANO. OMNI
CSW ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-103

-113

:-123

£
-133

I-145

o
o
£-155

5
g

-163
i

-173

-185

CA !R

106

KT-1

00
<
00
o
IE
0.

o
a
cc

139:30 13X43 160:00 160:13 160:30 160:45 .161:00 161:13 161:30 161:45 162:00

ELAPSED TIME FROM LIFT-OFF CHR:MIN>
FIGURE 10-llb. :6MM DNLINK MODE 8. CSM/MSFN. S-BAND. OMNI
CSH ONLY. TRANSEARTH C O A S T . A P O L L O 10
RECEIVED CARRIER P O W E R VERSUS ELAPSED TIME FROM L I F T - O F F

10-28



CSM S-BAND

PC* PARAMETERS. AZI «-96.20
ELV « 78.20
RANGE'143497

-73

-89

-95

-105

i-113
o
o

2
Ul
.u
'&>

-123

-133

-143

90

ZP]

CAiRR

10°

£
g

-153
. 159:30 15X45 160:00 160:13 16CC.30 160:43 161:00 161:15 161:30 16U45 162:00

ELAPSED TIME FROM LIFT-OFF C H R I M I N )

• FIGURE 10-l lc. GWM UPLINK MODE 6. HSFN/CSH. S-BAND. OMNI
CSN ONLY. T R A N S E A R T H C O A S T . A P O L L O 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM L IFT -OFF

-105

-185
13*30 153:43 160:00 150:15 160:30 160:45 161:00 161:15 16U30 16U45 162:00

ELAPSED TIME FROM LIFT-OFF CHRIMIN)

' F I G U R E 10-lld. 6MM DNLINK MODE 8. CSM/HSFN. S-BANO. OMNI
CSN ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

10-29



CSM S-BAND

PCA PARAMETERS. AZI »-96.20
ELV «79.20
RANGE=143497

-33

? 7^

1
at
Ul
S mo «

u

a

ino

*

_I1*

^

J-
w !W

"
P "

?p
70

CA

p(

P(

RR

T

T

tR

-I

KI

,-n6^
<

g

a
Ui

.̂

15«30 15*45 160:00 160:15 160:30 -160:45 161:00 161:15 161:30 16U45 162:00
ELAJ»SEO TIME FROM LIFT-OFF (W»:MIN)

FIGURE 10-l le. 6WH UPLINK MODE 6. MSFN/CSN. 5 - 8 A N O . HGA
CSN ONLY. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED C A R R I E R POXER VERSUS ELAPSED T I M E F R O M L I F T - O F F

oe
2-105

LW

115

Q
W „
>-!25

'

IN

w

JW

JW

90

70

CA

P(

P(

!R

T

T

ER

HI

II

.6s

5
g
(T
O

UJ

1.

159:30 159:45 160:00 160:15 160:30 160:45 161:00 161:15 161:30 161:45 162:00
ELAPSED TIME FROM LIFT-OFF CHRIHIN)

FIGURE 10- l l f . 6MM ONLINK MODE 2. CSM/MSFN. S-BAND. HGA
CSN ONLY. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED TIME FROM L IFT -OFF

10-30



CSM S-BAND

PCA PARAKE1ERS. AZI =-38.83
ELV »37.83
RANGE = 43068

a < ac o •
Z <J -I Z
ui a. o uj .

^

8 "
UJ

Ul

u
o

3
-103

-113

-174

•-

r

— -

ss NR

Ml

U

U
1

90

70

CA

P(

P(

iR

T

T

ER

l\

(I -

01
<n

 
. 

.
B

IT
 

ER
RO

R 
P

R
O

B
A

B
IL

IT
Y

183(10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:23 187:40
ELAPSED TIME FROM LIFT-OFF CHRIMIN)

FIGURE 10-12a. HSK UPLINK MODE 6. MSFN/CSM. S-BANO. HGA
CSH ONLr. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED C A R R I E R P O W E R VERSUS ELAPSED TINE FROM L IFT-OFF

-bo

++
So

u

<
a

—

-144

1
'

NF

Wi

W

W

90

70

Pf

P(

T

T

*1

rl

,56

•

10

18S10 183:23 185:40 185:55 186:10 186:25 186:40 18&55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF CHRtMIN)

FIGURE 1 0-12b. HSK DNLINK MODE 2. CSM/MSFN. S-BAND. HGA
CSH ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

10-31



CSM S-BAND

PCA P*PA.~crERS. AZI '-38.89
ELV »37.83
RANGE' 43068

-70

-80

-90

5-100
u

§
B

-no

-120

-130

-MO

90j

CA

P(

£!

ER

I0b

185:10 185:25 18SMO 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 10-12c. HSK UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
CSH ONLY. T R A N S E A R T H C O A S T . A P O L L O 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED TIME FROM L IFT-OFF

-89

-93

-105

-115

!-«
£-135

-145

-133

-165

I

T
90

70 P(

CA !R ER

10b

a.
cc

185:10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40
ELAPSED TIME FROM LIFT-OFF CHRtMIN)

FIGURE 10-12d. HSK ONLINK MODE 2. CSN/HSFN. S-BANO. OMNI
CSH ONLr. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POKER VERSUS ELAPSED TIME FROM LIFT-OFF

10-32



CSM S-BAND

PCA PARAMETERS. AZl =-38.89
ELV »37.83
RANGED 43068

-SO

-140
185:10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF C H R I M I N )

FIGURE 10-12e. HSK UPLINK MODE 6. MSFN/CSK. S - B A N O . OMNI
CSN ONLY. TRAHSEARTH C O A S T . APOLLO 10
R E C E I V E D C A R R I E R POWER VERSUS ELAPSED T I M E FROM L I F T - O F F

-85

-95

:-I05

1C.

S-a.
ac

115

= -125

S-135

-143

-155

-IBS

90

70

CA

10*

Iff

£
g

185:10 185:25 185:40 185:tj5 186:10 186:25 186:40 186:53 187:10 187:23 187:40
ELAPSED TIME FROM LIFT-OFF t H R I M I N )

FIGURE 10-12f. HSK DNLINK MODE 2. CSM/MSFN. S-BAND. OMNI
CSM ONLY. TRANSEARTH COAST. APOLLO I 0
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

10-33



CSM S-BAND

PCA PARAMETERS. AZI =-88.94
ELV «7.24I

• RANGED 44704.

-65

-75

-85

-95

= -105

u
0 '
Ul
>-

5
-125

-135

-145

70

CAI

P<

P<

ER

io6

g
gf

186:55 187:10 187:25 187:40185:10 185:25 185:40 185:55 186:10 186:25 186:40

ELAPSED TIME FROM LIFT-OFF (HRI

FIGURE 10-13a. HAW UPLINK MODE 6. MSFN/CSM. S-8AND. OMNI
CSH ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-95

-105

:-H5

5-125

= -135
u
a
:-i45

-155

-165

-175

-w-u
90 P(

70|P(

CA iR

10-3'

185:10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF (HRIMINl

' -F IGURE 1 0-13b. ' HAM DNLINK MODE 2. CSM/MSFN. S -8AND. OMNI
CSM ONLr. TRANSEARTH C O A S T . APOLLO 10 .
RECEIVED CARRIER POWER VERSUS ELAPSED T IME FROM L IFT-OFF

10-34



CSM S-BAND

PCA PARAMETERS. AZI =-88.94
ELV -7.241
RANGE*44704

-145
183:10 185:25 185:40 185:55 186:10 186:2? 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF CHRtMIN)

FIGURE 10-13c. HAW UPLINK MODE 6. NSFN/CSM. S-BANO. OMNI
CS» ONLY. T R A N S E A R T H C O A S T . A P O L L O 10
RECEIVED CARRIER POWER VERSUS ELAPSED T IME FROM LIFT.OFF

-93

-105

5-125

'-133

ag
-133

-163

90

70

P(

CA tR! Efl

10-3

I
-173
' 185:10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 10-)3d. HAW ONLINK MODE 2. CSM/HSFN. 5-BAND. OMNI
CSH ONLY. TRANSEARTH C O A S T . APOLLO 10
R E C E I V E D C A R R I E R POWER VERSUS E L A P S E D T I K E F R O M L I F T - O F F

10-35



GSM S-BAND

PC A PARAMETERS. AZI =13.59
ELV »56.6T
RANGE»42347

-145
185:10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF CHRCMINJ

FIGURE 10-Ma. CRO UPLINK MODE 6. MSFN/CSM. S-BAND. OMNI
CSI» ONLY. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM L IFT -OFF

-95

-105

g
-125

-135

a
S-I45

-155

-165

-175

u>tilI

k

J I

90

70

CA

106

t(TJ

sce

185:10 185:25 185:40 185:55 18610 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM Ll'T-OFF CHR:MIN)

FIGURE 10-14b. CRO DNLINK MODE 2. CSM/MSFN. S-BAND. OMNI
CSM ONLY. T R A N S E A R T H C O A S T . APOLLO 10
R E C E I V E D C A R R I E R POKER V E R S U S E L A P S E D T I M E F R O M L I F T - O F F

10-36



CSM S-BAND

U)
lAJ

i
-S3

-75

-85

-95

= -105

-115

-125

-135

-145

V •f

PC* PARAMETERS. AZI -13.39
ELV *56-67
RANGE* 42347

90

70

PI

C A f R ER

:o6

2
CL

<r§
oc

185:10 185:25 185:40 185:55 186:10 186:25 188:40 186:55 187:10 187:25 187:40

ELAPSED TIHE FROM LIFT-OFF (HRIMIN)

'F IGURE 10-Mc. CRO UPLINK MODE 6. HSFN/CSH. S -BANO. OMNI
CSM ONLY. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED C A R R I E R POKER VERSUS ELAPSED T IME FROM L IFT-OFF

-95

-105

:-U5

-125s
<c
Ul

|-135

u
o
S-I45
w

-155

-165

-175

90

70

CA (R

,5s

10-3

IflS 10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF C H R t M I N )

' F IGURE 10-14d. CRO ONLINK MODE 2. CSM/MSFN. S - B A N O . OMNI
CSN ONLV. TRANSEARTH C O A S T . A P O L L O 10
RECEIVED CARRIER POKER VERSUS ELAPSED TIME FROM L I F T - O F F

10-37



CSM.S-BAND

PCA PARAMETERS. AZI «-106.4
ELV «S3.00
RANGE=42171

-n

-83

•-103

:-H3

-125

-135

-145
185.MO 185:25 185:40 183:55 188:10 186:23 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF CHRZMIN)

FIGURE 10-1 So. 6WM UPLINK MODE 6.. MSFN/CSN. S-8ANO. OMNI
CSH ONLY. TRANSEARTH COAST. APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-93

-105

S-125
CL

tr
UJ

1-133
o

-133

-163

-175

70

P<
.5s

10,-3

ItS 10 183:23 183:40 183:53 186:10 186:25 186:40 186:55 187:10 187:25 187:40
ELAPSED TIME FROM LIFT-OFF CHRZMIN)

FIGURE 10-lSb. 6MM DHLINK MODE 2. CSM/MSFN. S-BANO. OMNI
CSH ONLY. TRANSEARTH C O A S T . APOLLO 10
RECEIVED CARRIER POVER VERSUS E L A P S E D T IME F R O M L I F T - O F F .

10-38



CSM S-BAND

PCA PARAMETERS. AZt * - 1 OS.4
ELV "63.00
RANGE=4217I

-73

I""
DC

g -93

oc
Ui

1-103
U

o
2-115

§
ac

-123

-133

-145

90

70

CA (R ER

t \
,06

g
a.
a:g
ac

185MO 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40
ELAPSED TIME FROM LIFT-OFF CHRIMIN)

FIGURE 10-lSc. 6MM UPLINK MODE 6. MSFN/CSM. S-BANO. OMNI
CSM ONLY. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED T IME FROM L I F T - O F F

VI

I
-93

-105

-II5

-125

-.35
u

-,4,
-135

-163

-175

90

70

CA (R

( I

ER

10b

io-J

m
ia.
a.
3
ac

185:10 185:25 185:40 185:53 186:10 186:23 186:40 186:55 187:10 187:25 187:40
ELAPSED TIME FROM LIFT-OFF (HRIMIN)

FIGURE 10-15d. 6HM ONLINK MODE 2. CSM/MSFN. S-BANO. OMNI
CSN ONLY. T R A N S E A R T H C O A S T . A P O L L O in
RECEIVED CARRIER POWER VERSUS ELAPSED T IME FROM L I F T - O F F

10-39



CSM S-BAND

PCA PARAMETERS. AZI *-!06.4
ELV -63.00
RANGE-42171

§~ -70

K
Ul

f -ao00

£
g -90
u
a

Ulu
g

-iin

•
Li j SJ

Nt

WE

W

W

cJJ

90

70

CA

P(

P(

IR

2
L

T

T

ER

t
LJ

It

l[

185:10 185:25 185:40 185:55 186:10 186:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF tHR.'MIN)

FIGURE 10-15e. GMH UPLINK MODE 6. MSFN/CSM. S-BAND. HGA
CSM ONL». TRAHSEARTH C O A S T . APOLLO 10
RECEIVED CARRIER POWER VERSUS ELAPSED TIME FROM LIFT-OFF

-70

-80

a -90

5-100

g-"0

•-I20

«

-130

-140

WBW
90

70

CA

P<

(R ER

106.

!<r3d
CD

18X10 185:25 185:40 185:55 186:10 185:25 186:40 186:55 187:10 187:25 187:40

ELAPSED TIME FROM LIFT-OFF tHRIHIN)

FIGURE 10-15f. GMN ONLINK MODE 2. CSM/MSFN. S-BAND. HGA
CSM ONLV. T R A N S E A R T H C O A S T . APOLLO 10
RECEIVED C A R R I E R POWER VERSUS ELAPSED TIME FROM L I F T - O F F

10-40



11. REENTRY

This section discusses the communications coverage for the reentry

phase.

11.1 COMMUNICATION CONFIGURATION

Figure 11-1 depicts the basic communication configuration for the

reentry phase of Apollo 10. The only communications between the com-

mand module and MSFN prior to chute deployment is via the S-band sys-

tem. After chute deployment, communication -with the recovery forces is

via VHF/AM using the recovery antennas.

11.2 COVERAGE SUMMARY

Received carrier power versus elapsed time from lift-off plots

(Figures 11-2a through 11-2d) for the CSM S-band system are provided

for the tracking ship RED. The reentry trajectory data used in the gener-

ation of the plots are based on a 17 May 1969 launch date. The level of

received carrier power shown for RED prior to S-band blackout can be

expected during the reentry phase of the 18 May launch date mission since

the reentry phase and ship position were not changed significantly for the

18 May mission.

The event times associated with the reentry phase for the 18 May

mission are given in Section 4.

After providing TLI coverage support, the tracking ship HTV will

be repositioned to provide C-band skin tracking during the reentry phase.

HTV is expected to provide skin tracking coverage from approximately

60 seconds after exit C-band blackout to approximately the 180, 000-foot

altitude.
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Figure 11-1. Communications Configuration
for Reentry Phase
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NOTES FOR APPENDIX A

1. Expected minimum gain based on Apollo 8 performance

2. Engineering estimate

3. Based on ATP data from USBE Serial No. 7 and PMP Serial No. 7

4. Expected value based on test data and accounts for reduction in
TLM subcarrier modulation index with bits on the subcarrier

5. N/A for "F" Mission

6. Based on vender ATP data from transceiver #121 and Signal
Processor Assembly #119.

7. Used in this report.

A-41



APPENDIX B

COMMUNICATION SYSTEMS MATHEMATICAL MODELS

B. 1 COMMUNICATION SYSTEMS DESCRIPTION

The primary communications between CSM, LM, MSFN, and EVA

consist of the S-band and VHF communication systems. The communi-

cations systems are depicted in Figure B-l.

The S-band communication system provides the capability for trans-

mission of voice, telemetry, and television between the space vehicles

and MSFN for various phases of the mission. The information to be trans-

mitted determines the mode of operation, the communication link involved,

and the modulation technique (FM or PM). The system also provides the

capability for accurate ranging through the use of a pseudorandom noise

code.

The VHF communication system provides the capability for trans-

mission of voice, PCM telemetry, and biomedical data between the space

vehicles, EVA, and MSFN for various phases of the mission. The infor-

mation to be transmitted determines the mode of operation and the com-

munication link involved. VHF ranging is also provided during rendezvous

of LM and CSM.

B. 2 S-BAND MATHEMATICAL MODEL

The Apollo S-band communication system is designed to provide

tracking and communication between the MSFN ground stations and the

CSM and the LM during the earth orbital and lunar phases of the mission.

The S-band communication system consists of uplink (2106. 40625 MHz)

from MSFN to CSM, two downlinks (2287. 5 MHz and 2272. 5 MHz) from

CSM to MSFN, one uplink (2101. 802 MHz) from MSFN to LM, and one

downlink (2282. 5 MHz) from LM to MSFN.

The Apollo S-band communication system was analyzed to define

each distinct communication function and to formulate the functions into

mathematical expressions called blocks. By correctly sequencing the

blocks, each mode of operation in the Apollo S-band communication system

can be simulated.
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259.7 MHz VOICE + BIOMED

296.8MHz VOICE

296.8MHz VOICE BU

259.7MHz VOICE BU

EVA

259.7 MHz VOICE +BIOMED

296.8MHz VOICE

_ < VOICE B U

"259.7 MH z VO7CE~BU

CSM

296.8MHz VOICE SIMPLEX

I
259.7MHz PCM ONLY

I
259.7 MHz VOICE SIMPLEX BU

2106.40625 MHz PM

2287.5000MHz PM

2272.5000 MHz FM

296.8MHz VOICE

LM

296.8MHz
VOICE

MSFN

2101.8020MHz PM

2282.5000MHz PM OR FM

296.8 MHz VOICE

Figure B- l . Communications. Links and Frequencies
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B. 2. 1 Functional Blocks

The following is a partial listing of the blocks available in the com-

puter program.

Figure Title

B-2 Received Signal Level Calculation

B-3 Uplink Carrier Power Calculation

B-4 Downlink Carrier Power Calculation

B-5 Noise Spectral Density Calculation

B-6 IF SNR Calculation

B-7 Transponder Constants Calculation

B-8 Downlink PRN SNR Calculation

B-9 Updata Subcarrier SNR in Predetection
Bandwidth Calculation

B- 10 Downlink PM Mode High Bit Rate TLM SNR
in Predetection Bandwidth Calculation

B- 11 Downlink PM Mode Low Bit Rate TLM SNR
in Predetection Bandwidth Calculation

B- 12 Probability of Bit Error Rate Calculation

B- 13 Uplink PM Mode Voice Subcarrier SNR in
Predetection Bandwidth Calculation

B- 14 Downlink PM Mode Voice Subcarrier SNR in
Predetection Bandwidth Calculation

B-15 Backup Voice SNR in Postdetection Bandwidth
Calculation
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- Lc'

S t ( d B ) = 1 0 l o g 1 0 S t

Sr (dB) = Sf (dB) - L

(dBm)=S r (dB)+30

r

S - a n H l o g I
(dB)>

r, Sr (dB), S r (dBm) x L, L$, Sf (dB)

Figure B-2. Received Signal Level Calculation
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t

( -
= S L / cos 0

r m/uc o

I
P ( d B ) =

(dB)+30

i

Figure B-3. Uplink Carrier Power Calculation
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P_ = S L /, cos 0
C r m/dc o

Pc (dB)= 10log ] 0Pc

(dBm)='Pc (dB) + 30

f Lm/dc' PC, PC (dB), PC (dBm)

Figure B-4. Downlink Carrier Power Calculation
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QD~ri
= 290"

T = A + BP,

•IF = kT

I
$ | F(dB) = 10log10$ |F

I

Figure B-5. Noise Spectral Density Calculation

B-7



iF' BIF)

*IFBIF

Figure B-6. IF SNR Calculation
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IFU

N|p = TRC

i + (N)IF.

Br' BIFU

a=N,p Jn(p ) Jn(p )sin9 ,IF Uxr iu 0 r2u ul

y = 2N... J,(P ) Jn(p ) cos9 -
' IF I r lUX U N I 2U ul

S = 2N Jn (p ) J,(p ) cos9 ,r IF 0 iu 1 x r2u ul

_2B \ 1/2

a, y/ p,

Figure B-7. Transponder Constants Calculation
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If'

I
m/dr

i
SrLm/drL|C°5

i

d|rqdl

I

dl rqdl
(dB)

I

Figure B-8. . Downlink PRN SNR Calculation
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r ' L l ' 0 o ' B sc tu '

2Bsctu

S L / . I, cos 0r m/ut I o

teu teu

„rsh;

-(N) (dB)
teu " rstu

MARber(dB)=MARscfu(dB)

M ' MARber

Figure B-9. Updata Subcarrier SNR in Predetection Bandwidth
Calculation
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c ' P2d'

Lm/hdt.= 2 <Pld>

N/
Bsctd §IF + Sr

Sr LmAdt Ll COS 0o

(P)

N <dB)rstd 0/

MAR (dB) = MAR (dB)ber sfd

MARber(dB)

Figure B-10. Downlink PM Mode High Bit Rate TLM SNR in
Predetection Bandwidth Calculation
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(*) S L /, ,. L, cos 0r m/ldt I o
td R 5

sctd ?IF

I

(dB)

i

MARber (dB) = MARstd

' MARber

Figure B- 11. Downlink PM Mode Low Bit Rate TLM SNR in
Predetection Bandwidth Calculation
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YES NO

NO

SNRDB=MAR, +10.779018ber

.-i= anhlog
/SNRDB
- -10

BER = (1 - erf \SNIR)

C BER

Figure B-12. Probability of Bit Error Rate Calculation
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I

./ Lr 0^B_...,o scvu D

(* ' scvu

S L / L, cos 0
r m/upv I ^c

scvu scvu

MARscvu scvu rsvu

scvu scvu
MARscyu (dB)

Figure B-13. Uplink PM Mode Voice Subcarrier SNR in
Predetection Bandwidth Calculation
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P1d, P2d, y, P . . s o

Lm/dpv = 2 J12 «W J02 dV J02 W J02 <P> J02

'c \ ^ L /, L, cos 0o ^ _ r m/apv I o
i , §lrscvd IF

( scvd B_ ,§,

fr) -(fr) ,scv scvd

(dB)= 10 I o g 1 0 j .
scvd scvd

- r <dB>scvd rsvd

scv
'(Ir) /(Ir) (dB),MARs c v d ( dB))

scvd scvd /
____ _ _____ ^r

Figure B-14. Downlink PM Mode Voice Subcarrier SNR in
Predetection Bandwidth Calculation
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P2d'

= jJ 2N

o 2 d o HLB
\ • »uv)sm -

buvd-

S L y, COS 0
_ r m/bv o

buvd buvd IF

(&1.buvd
, .
buvd

(Ir) (dB)
lN/rbuvd

,buvd
(dB), ,rbuvd

buvd buvd

Figure B-15. Backup Voice SNR in Postdetection Bandwidth
Calculation
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( PT(dBm) J

Figure B-16. FM Mode as a Whole Threshold Equation
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cX, S , G./

S. G. G Lt t r e

rqd

Figure B-17. Range Equation
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B. 2. 2 Symbol Listing

The following is a list and description of each symbol used in the

equations.

Symbol

A

B,
buvd

B
IF

B
dtv

B
dl

B

Bsctu

sctd

Bscvu

scvd

Btv

K

me

Af

r

Gi

Gt

K

L

tv

buv

EMU

HLB

Description

noise spectral density constant

back-up voice postdetection noise bandwidth

IF noise bandwidth

television effective click bandwidth

PRN ranging bandwidth

transponder video bandwidth

PM mode PCM telemetry predetection noise
bandwidth

PM mode PCM telemetry predetection noise
bandwidth

PM mode voice predetection noise bandwidth

PM mode voice predetection noise bandwidth

television postdetection noise bandwidth

television degradation factor due to non-
rectangular output bandwidth

transmitting frequency

television frequency deviation of carrier

losses due to spacecraft attitude

receiver antenna gain

transmitter antenna gain

Boltzmann's Constant

circuit losses

back-up voice phase deviation

EVA phase deviation with voice on carrier

HLB phase deviation with voice on carrier
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Symbol

i

o

sck

'ul

Zd

<S / N>rbuvd<d B>

(S/N) rgd l(dB)

v

"tv

(S/N) r s tu(dB)

(S/N) r s td(dB)

(S/N) r svd(dB)

t

TRC

a

e

°tv

Dtv(dB)

Description

static phase error in carrier loop

emergency key phase deviation of carrier

PRN ranging phase deviation of carrier

PCM telemetry subcarrier phase deviation
of carrier

PCM telemetry subcarrier phase deviation
of carrier

voice subcarrier phase deviation of carrier

voice subcarrier phase deviation of carrier

required back-up voice SNR in postdetection
bandwidth

requi red PRN SNR

RMS to peak factor for voice

RMS to peak factor for television

PM mode required PCM telemetry SNR in
predetection bandwidth

PM mode required PCM telemetry SNR in
predetection bandwidth

PM mode required voice SNR in predetection
bandwidth

PM mode required voice SNR in predetection
bandwidth

transmitting signal power

transponder gain constant

turned-around updata modulation index

turned-around updata modulation index

television below FM threshold degradation in
postdetection bandwidth

television below FM threshold degradation in
postdetection bandwidth

B - 2 1



Symbol

IFN.

Y

L

L,s

MARher (dB)

IF

nm

BER

MAR (dB)
buvd

MAR.JdB)
dl

MARstd(dB)

MAR . (dB)
sctux '

MAR (dB)scvu '

MAR .
scvd

/bm v

Jm/dc

m /hdt

Description

limiter losses

transponder constant

turned-around upvoice modulation index

total losses in communication link

space loss

telemetry margin for BER calculation

carrier power

noise spectral density

slant range between spacecraft and ground
station

received signal level

effective system noise temperature

turned-around thermal noise modulation
index

probability of bit-error rate

backup voice margin in predetection bandwidth

PRN ranging margin

PM mode telemetry margin in predetection
bandwidth

updata margin in predetection bandwidth

PM mode voice margin in predetection
bandwidth

PM mode voice margin in predetection
bandwidth

back-up voice modulation loss

downlink carrier modulation loss

downlink PM mode high bit fate telemetry
modulation loss
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Symbol Description

Wldt

m

m

m

/dr

/dpv

/uc

Jm/ut

"rn/upv

(S/N)buvd(dB)

(S/N)IF(dB)

(S/N)dl(dB)

(S/N) td(dB)

(S/N) (dB)
'scvuv '

(S /N>scvd<dB>

(S/N) tv(dB)

,rqd

PNI]r(dBm)

(S/N) r q d(dB)

downlink PM mode low bit rate telemetry
modulation loss

downlink PRN modulation loss

downlink PM mode voice modulation loss

uplink carrier modulation loss

uplink PM mode telemetry modulation loss

uplink PM mode voice modulation loss

noise figure

back-up voice SNR in postdetection bandwidth

IF SNR

PRN ranging SNR

PM mode telemetry SNR in predetection
bandwidth

PM mode telemetry SNR in predetection
bandwidth

PM mode voice SNR in predetection
bandwidth

PM mode voice SNR in predetection
bandwidth

FM mode voice SNR in predetection
bandwidth

television SNR in postdetection bandwidth

wave length of transmitting frequency

required received power

IF noise power

FM mode as a. whole required predetection
SNR
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B. 3 VHF MATHEMATICAL MODEL

The VHF communication system provides various communication

and relay links depending on the phase of the mission. During the earth

orbital phase of the mission, the VHF communication system provides

the capability for two-way voice communications between LM and GSM,

LM and MSFN, and CSM and MSFN. The system provides a two-way

voice communication relay link between EVA and MSFN via the CSM S-band

transmitter-receiver during the earth orbital phase.

The VHF communication system provides capability for two-way

voice communication between LM and CSM during the lunar orbit phase

of the mission. A link for PCM data transmission between LM and CSM

during lunar orbit is provided by the VHF system. The system also pro-

vides two-way voice communication between EVA and LM during the lunar

stay phase of the mission. A two-way voice communication link between

LM and MSFN during the lunar stay is accomplished through the CSM

relay. VHF ranging is provided during rendezvous of LM and CSM.

B. 3. 1 VHF System Calculations

The following equations are used in calculations for the VHF/AM

system in this document.

Total Received Power Equation

PR = PTR - LS - LT - LR - LPZ - LP -+ GTR + GR

•where

P0 = received power in dBm
x\

P^™ = transmitted power in dBm1 s\

L. = space loss in dB = 20 log RNM + 20 !°g FMHZ * 37'

= transmitted frequency in MHz

= slant range in nautical miles

LT = transmitter circuit losses in dB

L-j = receiver circuit losses in dB
K.

L,-,,., = polarization loss in dB
±T £-1
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= pointing loss in dB

= receiving antenna gain

= transmitting antenna gain

Voice and Carrier Modulation Loss Equations

= uPv°ice modulation loss = 10 log M
2= downvoice rnodulation loss = 10 log M

~ uPcarrier rnodulation loss = 0. 0 dB

L X >T/T-><~ = downcarrier modulation loss =10 log
M/DC ll +

where

M = percent modulation

System Noise Temperature Equation

where

T = system noise temperature in K
o

T . = effective antenna temperature in K

T A U - D = ambient temperature of electrical networksAMB , r , . . QVbetween antenna and receiver in K

Tnr, 0 = operating temperature of receiver assembly
RCVR . O

Np = receiver noise figure.

L = circuit loss between antenna and receiver

Noise Spectral Density and IF Noise. Power Equations

NSD =

PNIF = NSD (BWIF> = KTS BWIF
where

NSD = noise spectral density

BW,p = IF noise bandwidth
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= system noise temperature

= IF noise power

Uplink (or Downlink) Total Received Power Equations

P = PC + PV watts

P_. = P_ + M2 P_ = P,,. (1 + M2) watts
S\ \-« \^i \-t

PR(dBm) = Pc(dBm) + (1+ M2) (dB)

where

P = total received power

PV = voice power

P = carrier power

M = modulation index • '

Receiver Threshold Equation

PRC(dBm) = (S/N)RGD(dB) - LM/v(dB)

-BW].(dB) + PNIF(dBm)

where

= required postdetection SNR

= voice modulation loss (uplink or downlink)

= bandwidth improvement factor = BWTF^2BWAUDIO

= IF noise bandwidth
J..C

BW. ^ Q = audio bandwidth

= received carrier power

= IF noise power

B-26



Range Equation

R = X St Gt Gr L

4TT S ,
rqd

where

R = range

X = wave length of transmitting frequency

S = transmitted power

G = transmitting antenna gain

G = receiving antenna gain

L = system losses

S , = required received power
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APPENDIX C

COMMUNICATIONS SYSTEMS CAPABILITIES

C-l INTRODUCTION

This appendix describes the performance and capabilities of the

Apollo 10 communications system for the CSM and LM. Included are

discussions and tables for S-band PM, S-band FM, and VHF/AM. The

information of this appendix is limited to the spacecraft/MSFN communi-

cation links; hence, LM VHF/AM is not discussed.

All tables presented in this appendix were derived from measured

(CSM-106 and LM-4) parameters wherever possible; otherwise, worst

case specification parameters were used. Appendix A lists the communi-

cations system parameters for the Apollo 10 mission.

Tables C-l through C-15 present the CSM S-band PM performance,

and Tables C- 16 through C- 27 present the LM S-band PM performance.

The S-band FM performance for both vehicles is presented in Tables C-28

through C-32. Tables C-33 and C-34 present the CSM VHF/AM perform-

ance with respect to MSFN VHF stations. Section 4 describes the comr

munication services available a t MSFN stations. . . , < . - .

C-2 DISCUSSION OF MODES -

Each of. the. uplink and downlink S-band modes provides a unique

combination of information transmission. The information content of the

CSM S-band PM modes is given in Tables C- 1 and C-2, the information

content of the LM S-band PM modes is given in Tables C- 16 and C-l7,

and the information content of the CSM and LM S-band FM modes is given

in Tables C-28 arid C-29-

The performance of the communications systems is defined by the

circuit margin for a particular information item within a given mode or

by the circuit margin of the mode as a whole. In either case, the circuit

margin is the ratio of two signal-to-noise ratios, as follows:

C-l



Assume, SNR, ,v = actual signal-to-noise ratio received

SNR/ . •,» = signal-to-noise ratio required for
(required) -r- j ; v-<. ' c"- c *.•specified quality of information

then, the circuit margin is:

MAR = SNR, . ,x/SNR, . ,. (units) (1)(actual) : (required) • -•' v '

or, MAR(dB) = '101og10 (MAR) (dB) (2)

The threshold for a particular information item within a given mode

or for the mode as a whole is the received carrier power (or the total

received,power required in the case of FM) required to produce the signal-

to-noise ratio necessary for a specified quality of information, i. e. ,
•" ' _ 3 • '• ' ' ' '

90 percent word intelligibility of voice or 10 bit error probability of

decommutated telemetry.

C-3 RECEIVING THRESHOLDS

The thresholds for CSMS-band PM modes are given in Tables C-3

through C- 8' and for LM S-band PM modes in Tables C-. 18 through C-21.

These thresholds are calculated for each information channel within each

mode. The downlink thresholds are calculated assuming that full uplink

(uplink mode 6) was used. The uplink mode has an effect on downlink

threshold because a certain portion (different for each uplink mode) of

uplink information is retransmitted as noise in the downlink modes. The

effects of this factor are discussed in Section C-4, Effects'of Mode

Switching.

The thresholds for uplink modes are defined as follows:

Carrier Required received carrier power to
maintain carrier loop frequency
tracking

Normal voice Required received carrier power for
90% and 70% word intelligibility of ,
speech

Updata . ; Required received carrier power for
a 6. 6 x 10~° bit error probability
in the computer words

Upvoice backup Required received carrier power for
70% word intelligibility of speech
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The thresholds for downlink modes are defined as follows:

Carrier Required received carrier power to
maintain carrier loop freque'ncy .- :

, . . : . • tracking

Normal voice Required received carrier power for
90% and 70% word intelligibility

' ~,' Telemetry Required received carrier power for
lO-o, 10-4, and 10-3 bit error prob-

- • • • • . - • ability i n t h e received decommutated
telemetry

Backup voice Required received carrier power for
70% word intelligibility of speech

f ' ' •

PRN Required received carrier power for
a specified PRN code acquisition

•' . ' . . . \

Key Required received carrier power for
' a specified copy rate and accuracy.

The thresholds for CSM and LM S-band FM modes are given in

Table C-30 and calculated for mode as a whole (all FM modes). The FM

thresholds are independent of uplink mode. The thresholds for CSM

VHF/AM are given in Table C-33 for uplink (spacecraft) and downlink

(MSFN). Refer to Appendix A for a listing of parameters used to calculate

thresholds. • .. ' . . .

C-4 EFFECTS OF MODE SWITCHING

The effects of CSM S-band PM mode switching for uplink and down-

link are given in Tables C-12 and C-13, respectively. The same tables

for LM are given in Tables C-24 and C-25, respectively. These tables

are provided as a quick reference for the comparison of the threshold

tables. A circuit margin will increase if the actual received carrier

power increases or if the required received carrier power (threshold)

decreases. The effects of mode switching tables assume a constant actual

received carrier power and compare the thresholds of each mode. Carrier

thresholds are compared to carri.er thresholds; normal voice (70 percent)

and backup voice (70 percent) are compared with each other; updata. (for

downlink, telemetry) is compared with updata; and PRN is compared with

PRN. .-In cases where no value appears, there can be no comparison

because one, or both, of the modes compared do not have that particular

information content.
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For example, referring to Table C-24 in switching from mode 4

(row 4) to mode 2 (column 2), the effects are an increase in the voice

circuit margin of 8. 03 dB and no change in the carrier margin. Neither

mode 4 nor mode 2 has updata. A negative value on the switching tables

represents a decrease in the circuit margin.

For example, in the same table in switching from mode 5 to mode 6,

the effect would be a decrease in the circuit margin (performance) of

updata by 2. 21 dB with no effect on carrier performance. Again, no

value is given for voice because one of the modes, mode .5, has no voice

capability, and a comparison cannot be made.

C-5 RANGE CAPABILITIES -

The range capabilities for GSM S-band PM modes are given in

Tables C-9 through C- 11 and for LM S-band PM modes in Tables C-22

and C-23. The S-band FM mode range capabilities for CSM and LM

are given in Tables C-31 and C-32, respectively. The CSM VHF/AM

range capabilities are given in Table C-34-

The range capabilities for uplink S-band PM modes, are calculated

for the algebraically largest threshold among the carrier, voice (90% WI),

TLM (10 BEP), and backup voice thresholds. The downlink range

capabilities for S-band PM modes are calculated for the algebraically

largest threshold among the carrier, voice (70%), TLM (10~ BEP), and

backup voice thresholds.

The downlink range capabilities for all modes were calculated for

cooled paramp stations while using uplink mode 6. The range capabilities

for the omni or inflight antennas were based on a 0-dB gain.

C-6 EFFECTS OF ANTENNA VIEWING CONDITIONS

Antenna viewing conditions affect the system temperature of the

MSFN stations which has an effect on the S-band thresholds, both PM and

FM. The MSFN thresholds; in turn, affect the range capability of the

downlink modes for both CSM and LM. Tables C-14 and C-15 give the !

effects of these conditions on CSM S-band downlink range capabilities and

thresholds, and Tables C-26 and C-27 give these effects on LM S-band

downlink range capabilities and thresholds.

C-4



These tables present a ready conversion and comparison of the

effects of antenna viewing conditions on range and thresholds. The

condition of quiet sky exists when the MSFN antenna elevation angle to the

spacecraft is greater than 5 degrees, and the moon or sun is not present

within a cone with radius of approximately two MSFN antenna beamwidths

centered at the .antenna pointing axis. The condition of moon at zenith

exists when the MSFN antenna cone of two beamwidths centered at the

antenna pointing axis contains the moon.
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Table C-l. Information Content of CSM S-band
Uplink PM Modes

Mode

Information

2 6 -

Carrier X X X X X X

Voice X X X X

Updata X X

PRN X X X

Voice Backup X

Table C-2. Information Content of CSM S-band
Downlink PM Modes

Mode

Information

4 9 . 10

Carrier X X X X X X X X

Voice X X X

Telemetry (HER)* X X

Telemetry (LBR)* X X X X X

PRN X X X

Voice Backup X

Key X

HBR - high bit rate ; LBR - low bit rate
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ô
Js

•V-H

cu
TJ
O

s

C
O

n
fo

rm
a
ti

C
o
n
te

n
i

i— i

o
•

0s

•̂
•̂ H

o

a--
•̂ H

•«H

O

o^
•*-!

^H

|

O

c>
•<-!

•̂ H

1

O

<>
*-4
*tH

1

O^

o
•*H
•̂ H

1

O
.

O
<*H
•̂ H

1

O^

0s

^H

^H

a
r
r
ie

r

U

i

•*
•

vO

o>
•*-(
i

CO

in
o
*-i
,

1

in

r-'
o
•«-!

1

1

m
,

m
•*H

v-l

1

1

so
o
o

cu
o
'o
>

i

•*

06
o

i

CO
•

r~
o
iH

1

'

in
•

o
o
•*H

1

m
.

r~
•«-i
i-H

'

1

^
O
r>-

0)
o
•I-l
o>

1

•*
•

vO
o
••̂

1

CO
•

m
o
•̂H
|

m
•

t^
o
•*H

1

1

m

in
TH

^—1

.

1

•o
I
o
•wH

X
xO

vO

rt•*->
nJ
T)
CUo-

m
•

t1^
TH

•̂ H

1

1

t

i

1

i

i

cu
o

-H

o
>
ID
fQ

C-9



a
T)

(U
i — t
O
O
u

o
o

•+H
I
o
on

to
(U

T)
O

PH

G
r—(

C

O
P

G
Cd

I
CO

s
CO
o
"o
to

to
0)
IH

00
Pi

•iH

•1-1
a)
u
a;

i
U

(Xl
EH

1
2.

e
r 

P
o

w
e
r

to
to

U
•a
0)

>rH

U
0)

a
o
•r!

In
fo

rm
al

o

D
T)
O

0)•oo

00

0)
•g

0)-§

0)

o

in

T)
O

*

-ao
55

ro

O

^

(M

•oos

-

n

•4-*

| 
C

o
n

te
i

CO

CO
CO

CO

CO
CO

1

CO

CO
CO

1

CO

CO
CO

1

CO

• CO

CO

CO
CO

1

CO

ro
CO

1

CO

ro
ro

1

ro

ro

1

CO

CO
co

1

1
C

a
rr

ie
r

in

1

in

i

NO

in

in

7

NO

•v-4
1

NO

in

i

NO

m

i

NO

in

i

NO

in
N('

i

*

m

i

[C
a

rr
ie

r^

i

i

i

i

i

'

•••H

0
(M

1

•vH

O
CM

I

~
•*

I

-
-*

I

O

'o

'

'

'

1

'

'

-,

rM

I

-.

CM
CM

1

-
NO

1

-

NO

'

O
r-

i)
u
'o

'

CO

1

IN]

(M

i

1

1

CO

i

-,
3

•

-
S

i

00

o

1

oo
0

1

1
0

[T
e

le
m

e
tr

y
i

i

NO

ro

i

CO

ro
•»-*

I

I

I

r-

NO

CO

1

ro

rvj

i

CM

CM

1

0>

CM

1

O

rM

i

i
o

[T
e

le
m

e
tr

y
i

i

ro

00
ro

i

00

rM*
ro

i

i

CM

00
ro

t

1-

r-
ro

i

r-

CM

I

«

"*

I

"t

•*

'

CO

o

[T
e
le

m
e
tr

y
i

00

in
CO

i

i

in

0
CO
•r*

1

1

1

1

1

1

f

1

01
u
'o

1

o
NO'
ro

1

1

o
NO'
ro

i

t

'

i

o
NO

ro

i

0

NO

1

1

ffj

'

'

1

'

NO

in

t

i

i

i

i

>s

u

G

ra
n

sp
o

si
ti

o

.•tt

0

c
• l-t.

rt

•M

nl

do

=1
T5

•a"
0)

4-4

?
nl

Q
Q

IH
0)

•r4
to
to
n)
u
N

•s?
6-2
||

O nl

H-l

C
al

cu
la

te
c

N
o

te
s:

 
1
.

V
at

i\>.

T)S
rt

T)

rt

O
M
n)

m
a
O
o
to
a

n

n)

oo

Tt

T)
<U
(0
3

I

ft
. oo

nl n
U V

•d 43
01 -W
W fH
n) nl

u i

CM

C-10



-X-

•H

C
(U
N

C
O
o

O
o
o

s
-»->
o
o

%H
I
o
CO

to
0)

o
Q

nt
42
i

CO

CO
U
<4H

o
co

O
-d
to

H
GO

(U
u
(1)

DC!

m
i

U
0)i—i

42

j^^«,a
TJ
^_«

r 
P

o
w

er
d 

C
a
rr

ie

0)

•1-1
0)
(J

PH

ao
•H

In
fo

rm
at

o

0)
T)
O

<U

1
00

<u
131
r-
<u

1
vO

o

in
0)

o

«

"O
Os

CO

T)
Os

CM

T)
Os
-

TJ
O

S

•P

| 
C

o
n

te
n

r-
CM
CO

CM'
co

i

r-
CM'
CO

i

r-
CM"
CO

00
co
1-1

CM*
CO

1

r^
(M
CO

1

t-

CM
CO

1

t-

CM

•

r-

CM

1

C
a
rr

ie
r

o
in

i

o
in

o
in

i

o
in

i

o

m
— H1

O

m

i

o
m

•

o
m

i

o
m
vl1

i

0

in

i

| 
C

a
rr

ie
r2

'

'

i

'

i

i

«

£
i

«

2"
i

«•
CO

1
«
CO

1

o
o

0)
u

•Ho

1

1

1

'

'

1

«
CM

1

«

CM

1

«

in

i

^
m

i

o

0)
y

•H
O

1

O

en
i

00
CM

1

'

'

O

CO

1

m
CO
CM

. i

in
CO
CM

i

CM

O

1

CM

O

'

1
O

| 
T

e
le

m
e
tr

y

'

vO
co

i

o
CO

1

1

1

CO

0
m
CM

i

vO

m
CM

i

co
CM

co
CM

'

<*~*
1
O
•r-l

T
e
le

m
e
tr

y

i

sO

r^
CO

CM

CM"
CO

i

i

'

vO

t^
CO

1

-
CM

1

-

CM

1

00

co
~~l

1

00

CO

1

co~^
o
1-1

T
e
le

m
e
tr

y

CM

in
CO

i

CM

1

1

1

1

1

1

,

,

U
•H
O

'
CO

in
fM

i

'

CO

in
CM

'

1

'

CO

in
CM

1

CO

in

1

1

53
tf

'

'

'

'

o
in
iH

1

1

. '

'

1

,

1

(3
O•1-1•P

• H
COft

:,
 t

ra
n

sp
t

•H
42
to
0
M
fi

rd
ft
4j

• H
to

V
CO

43

fl
rd

42
PL,
O
O

0)

(d
y

i
o

^00

ii o
R f^
is Q)

H rt

t|
0 vj

<*H

*
C

al
cx

il
at

ed
N

o
te

s:
 

1
.

to

a
0)

00
a

o
T3

-o
a

O
M
ni

to
rt
O
o

to

3

a•i-i
to

T)
0)
to

•H

I

a
nt

O
o

i-H

to
(U

• H
to
to .
n) <n
u u>

i (X

^ w
to •*.
O °

(U +>
4-> to
nJ rd

CM

C- l l



O
O

O

-M
O
O

oo
t!
A
rt
i

O
CO

en
0)

13
O

O
P
T3
ti
rt

I
u
*o

CO

I—Io
CO

OX)

•1-1
0)
U
(U

U
a;

r-1

•8
H

I

e
r 

P
o

w
e
r

• H
t-t

a
U
•o
4)

• H
<U
O

Go
-H

In
fo

rm
a
l

o

4)

2

4)
"g

2

00

•o
O
2

r-
4>

*T3
Q

2

•£>

0)
Tt
O

2

in
<u

2

*

0
2

ro

•g
2

,M
(U

•O
O
2

•*H

"g
2

C
o

n
te

i

m
r-°
PO

i

in

in

PO
i

in
t-°
PO

i

in
PO
.-*

m
r-^
PO

i

in
t~
PO

i

in

i—PO
i

in
r-
PO

1

m
r-
PO

i

r
r
ie

r 
1

rt
U

00

l

00

00

00

1

00

in
m

i

oo

00

$
1

00

0

1

00

0s

1

'oO

5
'

rr
ie

r2

rt
U

'

'

'

.1

i

i

(VI

M

1

(M

PO

1

M

oo

i

r^

oo

1

o

4)
o
0

'

i

i

i

'

i

ro

£
i

CVJ

vO
(M

1

M

O
ro

i

N

O

1

O
r-

o
o

•

00

00
ro

1

PO

1

'

00

00

PO

00
(M

1

.<*!

00
M

1

O

m

i

o
m

i

o

em
et

ry
l

4)

'

d

i

m
in
PO
•WH

1

'

1

|

.0

1

^
0
PO

1

^
o
PO

1

-.
r-

1

•v-H

•vH

1

i"
0

ll

4)z
<U

0)
H

i

i

0

'

1

<v3

i

o

Z
i

*

£
i

^
00
•v-4

1

vO

00
•vH

> I

PO
1
0
*-(

e
m

e
tr

y
l

4)

O

d

i

i

PO

i

'

'

1

1

I

1

V
o

ic
e

m

i

d
PO

-i

'

PO

i

'-'

i

i

-,

o
PO

1
_

o
PO

1

1

rt
OH'

l

l

. ' '

in
in

'

i

' • '

i

'

. 4)

(4
*

00
fl

O
0

•o ..
- - T 3

«
flj

U
: • 0 .

.rH

-M
• r4

•' (0 '
' O

a -
(0
G
n)
lH

""
fc

."H

)H
O
60
e

• H

"̂rt
Pu
jg

. 14

. 4)

W>
. G

•0.
TJ
4)
10
j3

^•S
1
g
rt
•̂

O
O

i— i

4)
• H

rt
, o

N

K
0 •*
4) 00 .

" g ^ ' S
6 ° rt :
,j r^ ^J

H *• ^

"a-2 £T
3 3 *>

o e )
W— < 4)
O *^ 4)

**^ O ^4

T<
4) -
j*t *

(0
rt
0
u

In
R)
4)
CO
C

• rt
14

-4-*

*^

(U

40

*r^

rdO

0
. ,

n)
C -
3

•M

to
n)
0
o

. >H

nl

C
j3
to

rt
**
00
•fi
•H

3
"O

T)
4!
to
3

5 ,
T)

1
Tt
C
n)

• ao
0

1-4

4)

E
-rt
u

K
o
m

• M

"•8
T)
4)

3 4)
u to

(4 r*
O pj

, '

'

G-12



A
<o
N

C
o
o
2

o
o
U
+->
o
o
m
i

O
CO

0)
0)

o
P

nt
i

W

S
CO
u

co
d>

cu
u
V

I
U

CD
r—I

JQ
nt
H

(d
B

m
)

r 
P

o
w

e
r

;d
 
C

a
rr

ie

•H
CU
CJ

cu
Ui

In
fo

rm
a
ti

o
n

o

4

C

4

C

CO

4)
Tt

1

a
c

vO

a
c

m
4

C

*

C

2
CO

c
2
PO

rg

O2
-
(II

o
2

1 
C

o
n

te
n

t

o
NO'
co

i

o

CO

1

o

CO

1

o
NO

co

1

o
PO"

1

o
*

CO

o

CO

1
o
NO

CO

1

o
NO

'
o

co
1

C
a
rr

ie
r

CO

oo

i

CO

. co

1

CO

00

co

00

1

CO

m
i

co
oo

i

CO

oo

i

CO

oo

•

CO

00

'
CO

00

'

C
a
rr

ie
r 

2

i

i

'

'

•

t

00

PO
PO

1
00

PO
PJ

1

•>'
NO

1

tv
5

1

:o

cu
u

••rH

O

1

1

1

i

'

'

00

3
1

CO

PJ
1

r-
00

'
r-
00

1

0

4)
U

•H
0

'

CO

r~
co

CO
TH

'

'
CO

CO

1

00

PO

1

oo

PO

1

m

CO

'

m
co

i

T
e
le

m
e
tr

y
 

(1
0

~
6
)

'

CO

o
*

•sf
co

1

1

cr-
CO

o
00
PO

.1
OS

00
PO

. 1

NO
m

i

NO

in

•

1 
T

e
le

m
e
tr

y
 

(1
0

~
4
)

i

o

m
in
co

'

i

o
•vH

1

•vf

O
CO

1

«•
o
CO

1

~H

r-

i

-
£

•

T
e
le

m
e
tr

y
 

(1
0

~
3
)

in
CO
CO

i

PO.

CO
CO

I

'

i

'

'

I

I

0)
u

•FHo

tt

'
NO

00
00

1

1

NO

00
PO

1

'

1

1

0

00
PO

1
NO

00

'

1

2

1

1

'

1

PJ

in
1

1

1

1

1

1

0

a
nt
ti
o

• H%

tr
a
n

sp
o

s

a
o
bfi

n)
PH

n)

60
C .

• H

CU

CO

• rH

C '

nt
42

O
o1— 1

.8 «'
fH CD
fH CO
nt nt
U t-[

N
ffi h

i _£j
NO O JH

cu 3! «
*rt 1>
0 fH *
G O rQ

J4 T) nt
•S °

*
C

a
lc

u
la

te
d

 f
o

r 
u

p
!

N
o

te
s:

 
1
. 

C
al

cu
le

d
o

ck
in

g

a
(6

o
t-i
a)

CO
m
o

ri

i—i
co

nt
H->

tuo

•S
fH

T)
0)
CO
PS

J3
'«
• rH

I
nJ

O
'Oi— i
fH

0)

nt co
u cu

a I

<+H U

CU •£

nt nt

*S ™_j C

C-13



N

13
ti
o
o

TJ
0>

r-4

O

O
U

I
in
oo

-d
o

o
Q

••9
&
CO

U

CO
TJ
-̂1
O
A
ID
<U
to

•A
H

0)
u

00

-U
a)i—i

42
rt
H

a
«
3

T 
P

o
w

er
d 

C
a
rr

ie

*•H

<u
o
OJw

In
fo

rm
at

io
n

oi-<
0)

TJ
o
5
o
0)

T3
O

2

OO

(U
TJ
0

2

r^
<u

T)
O

3
vO

(U
T3
0

3
m
(U

Tt
Os
1̂-
III

T(
O

5
CO

4)
T3
Os

CM

U>
T3
O

5
TH

III
73
O

S

i 
C

o
n

te
n

t

•̂ -*
•

ĈO
iH

TH

•
•*
CO
1-1

1

T-1

•*

CO
i-(

iH

•

•*
CO
T-(

1

1-*

•

O
•*
1-1

1-1
•^t

co
1-1

iH

•tf
CO

•̂ H

<*
CO

1

iH

^

1

•«H.

•*
CO

1

- 
1

C
a

rr
ie

r

^*
•

vO
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Table C-16. Information Content of LM S-band
Uplink PM Modes

Modes

Information

Carrier X X

Voice X

Updata X X X
PRN Ranging X X

Voice Backup

Table C-17. Information Content of LM S-band
Downlink PM Modes

^^"~<^-^^_ Modes

Information ** .^^^

Carrier

Voice/HL Biomed/EMU

Telemetry (HER)

Telemetry (LBR)^

PRN Ranging

Voice Backup

Key

1

X

X

X

2

X

X

X

X

3

X

X

4

X

X

X

5

X

X

6

X

X

; 7

X

X

X

8**

X

X

X

: ' ' ;

11

X

"HBR - high bit rate; LBR - low bit rate

Voice, EMU, HLB, LBR
•**
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ô

cvi

o
d

o
CV]

d

00
—"

^ -1

o
d

CM

CV] :

00

Î
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Table C-28. Information Content of CSM S-band
Downlink FM Modes

^^-^^Mode

Information ^^^

Carrier

Playback Voice (1:1)

Playback 51. 2 TLM (1:1)

Playback Voice (32:1)

Playback 1. 6 TLM (32:1)

Playback LM 1. 6 TLM (32:1)

Television

1

X

X

X

2

X

X

X

3

X

X

4

X

X

Table C-29. Information Content of LM S-band
Downlink FM Modes

Modes

•—-
Information

9a 9b lOa lOb

Carrier X X X X

Voice/EMU/Biomed X X

Telemetry (HER) X X

Telemetry (LBR) X X

Television X X

HER - high bit rate; LBR - low bit rate
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Table C-30. Receiving Thresholds of CSM and LM Downlink FM Modes
(Mode-as-a-Whdle) ,

Station Total Received Power (dBm)

30-ft (cooled) ' . -104. 0
Quiet s k y ' • . . . .

30: ft (cooled) - - • - • - -102. 5
Moon at zenith -

30 ft (cooled) . .-102. 8
Horizon - - . . .

85 ft, Quiet sky - -104.0

8 5 f t , Moon at zenith . -100.6

85ft , Horizon I • • -102.8
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Table C-33. Receiving Thresholds for CSM VHF

" ^Receiver
Info r mat io n -~^^^

Voice (90% WI )

Voice (70% WI )

Spacecraft

-102.3 dBm

-112. 3 dBm

MSFN

-116. 6 dBm

N/A

Table C-34. Range Capabilities for VHF Communications (CSM)

Information

90% Word Intelligibility

70% Word Intelligibility

*
.Range Capability (n mi)

Uplink

7, 375

23,054

Downlink

8,555

N/A

Calculated for 296. 8MHz; for 257. 9MHz, multiply ranges by 1. 15.
Assumes 18-db MSFN antenna gain; for 21-db MSFN antenna gain,
multiply ranges by 1.4. Assumes 0-db spacecraft antenna gain.
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APPENDIX D

MSFN COVERAGE SUMMARY

A detailed ground station tracking coverage summary based on an

elevation angle of zero degree is presented in this appendix. (These data

were obtained from Reference 16. )
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ô
.̂

•c
K
l/>

u
z

1—

c
z;
x:
L;
«T

a.
H-

UJ

H
a

x

X

>
_i
11*

Ni
41

^UJ
0

<
oc

u
u.
VI

z
z
v>
or
Z

X
«
o

UJ
o
z
ôc
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APPENDIX E

OPERATIONAL AIDS

E- 1 INTRODUCTION

This appendix contains charts to be used as operational aids for

deriving useful PM and FM S-band m'odes at particular spacecraft ranges

from an MSFN station. These charts illustrate S-band modes slant-range

capabilities (or range limitation) for various antenna combinations and, '

thereby, provide an approximation as to when S-band mode changes, may be

needed.

Figure E- 1 provides the range of the spacecraft versus ground

elapsed time (GET) for the Apollo 10 mission during translunar coast

(TLC) and transearth coast (TEC). Each curve within Figure E-1 has a

separate vertical ordinate scale.

Figures E-2 through E-7 contain bar charts that illustrate the maxi-

mum range capabilities of selected S-band modes for spacecraft/MSFN

antenna combinations. S^band mode range limitations are given for both

the LM and GSM from MSFN 85-foot, 35-foot cooled, and 35-foot uncooled

antenna stations. These mode range limitations are also divided into cat-

egories of quiet sky or moon at zenith, CSM HGA or omni antenna, and

LM steerable or in-flight antennas. The quiet sky downlink bars are

typical of most TLC and TEC periods, but the moon at zenith should be

used when the spacecraft is near the moon or in lunar orbit. Expected

ranges are functions of spacecraft antenna gain variants. Hence, range

bars are given for the CSM HG antenna wide, medium, and narrow beam-

widths; for CSM omni -6 dB, 0 dB, and +5 dB ranges; and for LM omni

-9 dB, 0 dB, and +.3 dB ranges.

Figures E-8 through E-54 illustrate received carrier power versus

a slant range from the transmitter. These figures may be used to predict

carrier signal levels that will occur for a known range, as well as show-

ing range limits for PRN, telemetry, updata, and voice threshold ranges.

E-l



The selected S-band mode charts a-re given for various MSFN and space-

craft antenna combinations and for quiet sky or moon at zenith.

Figure E-55 illustrates the CSM HG antenna line-of-sight angles

during passive thermal control (PTC). If HGA (0, 6.) angles and roll rate

are known, this figure may be used.to aid predictions of when the HGA

. scan limit warning is likely -to be.given and when the antenna is likely to

reach the scan limit during the PTC phase of the mis.sion. Figures E-56

through E-61 define antenna locations and spherical coordinate systems of

the GSM-and LM vehicles. ...

E-2 USE OF RANGE CAPABILITY CHARTS

Referring to Figure E-4-, the range capability, chart shows that for

PM downli-nk mode 2, with a 30-foot'uncooled MSFN station.and quiet.sky,

the receiving range is limited to a 10, 000-nautical mile range for .reliable

signal coverage (-6 dB omni antenna gain); .However, usable signal may

exist up to 42, 000.nautical miles with +5 dB omni antenna gain and up to

23, 000 nautical miles with 0 dB antenna gain. Figure E-3 presents ranges

of 18,000, 34,000, and. 60, 000 nautical miles, .respectively, for a 30-foot

cooled.MSFN station with -.6 dB, 0 dB, and +5 dB omni .antenna gain for

downlink PM<mode 2, with a quiet sky.. Using the 0 dB data and referring

to Figure E-l, it can be determined that after a GET of 7 hours, 30-foot

MSFN station coverage, will generally become unusable for PM mode 2

with .CSM omni antennas.

• Using this same method for an 85-foot MSFN. station (refer to

Figure E-2) , PM mode 2 with-quiet sky provides a 98, 000-nautical mile

range for 0 dB omni-antenna gain. The associated GET is 22 hours.. .

Also, PM mode 15 (retaining the same antenna configuration) provides

coverage to 145, 000 nautical miles (0 dB gain) and to GET of 4Q hours..

Coverage by.PM mode 8.is available throughout the mission.

For'reliable signal coverage for PM mode 2 operation after 22 hours,

GET, the HGA should be used. It is .expected that, during midcourse.

burn, the HGA will be vised with PM mode 2, or the omni antennas will

be used to a GET of 40 hours with PM mode 15. PM mode 8, used during

near lunar PTC, does not include PRN.
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Carrier power-range interpolations from the expected-carrier-

power charts are keyed from the diagonal antenna gain lines to the ordinate

scales. For example, referring to Figure E-30 (assuming a downlink PM

mode 2 with quiet sky and omni antennas), a 30-foot cooled MSFN station

can expect to receive a carrier signal of approximately - 103 dBm to

- 114 dBm (dependent on omni antenna gain) at a spacecraft range of

10, 000 nautical miles.

Maximum range limitations for subcarrier intelligence is deter-

mined by use of the slant range ordinate only. The antenna gain range is

read vertically down the chart to where it intersects the range ordinate.

For example in Figure E-30, the expected maximum range limitation of

telemetry information is 18, 000 to 60, 000 nautical miles (dependent on

the omni antenna gain).

E-3 NOTES

a) Uplink PM mode 6 is used for the various MSFN and
spacecraft antenna combinations. For most downlink
PM modes, the range capability of uplink 6 is greater.

b) This appendix contains some PM mode, received-
carrier-power-versus-range charts for quiet sky con-
figurations that are not shown in the moon-at-zenith
chart. A PM mode quiet sky chart may readily be
converted to a moon-at-zenith chart (using the same
PM mode and antenna configuration) by obtaining the
moon-at-zenith threshold from Appendix C and drawing
the threshold level across the quiet sky chart.

c) TV coverage and thresholds are discussed in
Appendix F.

d) Appendix C also contains a range table for a 0 dB omni
gain and WBW, MBW, and NEW antennas.

e) Appendix C contains a table to show the effect on
thresholds (in dB) when modes are switched. Threshold
levels for a 30-foot antenna are dependent on whether
it is cooled or uncooled. However, the received car-
rier power is independent of being cooled or uncooled.
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Figure E-2. Range Capability .of 85-foot MSFN/CSM.
Antenna Combination
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Figure E-3. Range Capability of 30-foot Cooled MSFN/CSM
Antenna Combination
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Figure E-4. Range Capability of 30-foot Uncpoled MSFN/CSM
• - Antenna.Combination
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Figure E-5. Range Capability of 85-foot MSFN/LM Antenna Combination
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Figure E-6. Range Capability of 30-foot Cooled MSFN/LM
Antenna Combination , • - . - :
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Figure E-7. Range Capability of 30-foot Uncooled MSFN/LM
Antenna Combination
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I

HGA
MECHANICAL

LIMITSPACECRAFT
OPTICAL SHADOW
(FROM HGA)

0
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Note:

At any specific time during the mission, the plot can be converted to real time by
identifying, at that particular time, the 0 angle and the roll rate. For example,
if 0 should be 0 deg at 10 hr 37 min mission elapsed time, then the initial point
on the graph, tQ, becomes 10 hr 37 min. The other end point, t], on the time
axis is then determined by the roll rate; for example, t] would become 11 hr
37 m in for 1 rev/hr, 11 hr 7 m in for 2 rev/hr, etc.

*9 (all 0) will vary slightly from ground station to ground station but no more
than 1 to 2 deg at lunar range and about 6 to 8 deg (max) at 50,000 n mi.
During the translunar and transearth coast periods of F mission, 9 will be con-
strained during PTC to lie approximately between 77 deg and 87 deg. (The general
trend shows 9 tends to increase slightly with range, within these approximate
limits).

.Figure E-55..
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Figure E-56. CSM Block II Antenna Locations
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0 = UNDEFINED

(ANY VECTOR)

9 = 90 y
0= 90
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0 = 270

X

9 = 0
0 = UN DEFINED

0 MEASURED FROM -Z BODY AXIS POSITIVELY ABOUT X BODY
AXIS TO VECTOR PROJECTION IN Y-Z PLANE

9 SMALLEST ANGLE MEASURED FROM +X BODY AXIS TO VECTOR

Figure E-57. GSM Theta/Phi Coordinate System

E-b8



Y = UNDEFINED
P = +90

Y = 90 +Y
P = 0

+Z
Y = UNDEFINED

' P = -90

YAW MEASURED IN THE X-Y PLANE, POSITIVELY ABOUT Z FROM
THE+X AXIS

PITCH MEASURED FROM THE YAW PLANE, POSITIVELY IN THE
-Z HEMISPHERE, NEGATIVELY IN THE +Z HEMISPHERE

Figure E-58. CSM Yaw/Pitch Coordinate System
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Figure E-59. L.M Antenna Locations
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0 MEASURED FROM +Z BODY AXIS POSITIVELY ABOUT X BODY AXIS TO VECTOR
PROJECTION IN Y-Z PLANE.

9 MEASURED FROM +X BODY AXIS TO VECTOR

Figure E-60. L,M Theta/Phi Coordinate System
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YAW =0
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YAW = 180
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{> (ANY VECTOR)

-Y
YAW =270
PITCH =0

YAW =UNDEFINED
PITCH =-90

YAW MEASURED IN THE.Y-Z PLANE, FROM THE + Z AXIS .

PITCH MEASURED FROM THE YAW PLANE, POSITIVELY IN THE +X HEMISPHERE,
NEGATIVELY IN THE-X HEMISPHERE

Figure E-61. L-M Yaw/Pitch Coordinate System
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APPENDIX F

CSM FM MODES ANALYSIS

F- 1 INTRODUCTION .

The purpose of this appendix is to present a performance analysis

of the CSM FM modes that will be used during the Apollo 10 mission. This

analysis is based on measured test data obtained from the Information

Systems Division (ISD), Electronic Systems Compatibility Laboratory

(ESCL), during April 1969- This test series was conducted with actual

spacecraft and MSFN ground station equipment.

The ESCL tests were used to evaluate a Motorola phase-lock loop

(PLL) FM demodulator that will be used at all 85-foot ground stations

during the Apollo 10 and subsequent lunar missions. The performance of

the Motorola demodulator differs greatly from that of the previous MSFN

PLL demodulators so that a reevaluation of the Apollo CSM FM modes is

required. This appendix summarizes the results of the April 1969

ESCL FM tests and relates the results of the test series to the expected

performance of the CSM FM modes for the Apollo 10 mission.

F-2 CSM PLAYBACK VOICE MODES (FM MODES 1 AND 2)

Figure F-1 represents the measured performance of the 32:1 play-

back voice channel (CSM downlink FM mode 2). These data are presented

in terms of postdetection SNR versus total received RF power.

The test results indicate that, for the CSM mode 2 playback voice

channel, the Motorola demodulator has an FM threshold at a total received

power level of -103 dBm for an 85- or 30-foot cooled MSFN ground station.

This RF level corresponds to a demodulator predetection SNR of 3. 0 dB

referenced in a 7. 5-MHz bandwidth. (It is anticipated that the predetection

bandwidth will be determined by the 7. 5-MHz FM filter in the MSFN

receiver. )

The Motorola demodulator performs significantly better than the

previous MSFN PLL demodulators for the CSM playback voice modes. The

total received RF power required for 90 percent word intelligibility, using

F-l



the Motorola demodulator, represents an FM threshold improvement of

approximately 4 dB, compared with the previous MSFN demodulators. The

improved performance obtained with the Motorola demodulators indicates

that a positive circuit margin of 6. 8 dB exists for the CSM playback voice

modes at lunar distance using the CSM HGA and an 85-foot MSFN ground

station.

F-3 PLAYBACK OF LM SPLIT-PHASE TLM (CSM FM MODE 3)

Figure F-2 represents the measured performance of the CSM down-

link, mode 3, playback of LM split-phase TLM channel. These data are

presented in terms of bit error rate versus total received power.

An analysis of the measured data using the Motorola demodulator

indicates that a total received power level of -105 dBm is required to
- 4 •'achieve a 10 BER. This value of total received power corresponds to

a demodulator predetection SNR of 1. 6 dB referenced to a 75-MHz band-

width.

.The performance of the Motorola demodulator, with respect to the
-4

required total received power for 10 BER, is approximately 1 dB better

than the performance of the previous MSFN PLL demodulator for CSM FM

mode 3.

The improved threshold performance of the Motorola demodulator

indicates that a positive circuit margin of 6 dB will be obtained at lunar

distance for this mode when the CSM HGA and 85-foot MSFN ground

stations are used.

F-4 CSM FM MODE 4 (TV)

. . The CSM 106 spacecraft will be equipped with both the standard

Apollo block I slow-scan black and white (B&W) television (TV) camera

and a Navy/DOD color TV camera.

Significant differences exist between the B&W and color cameras.

The signal characteristics of both the B&W and color TV channel are listed

in Table F-l.
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Table F- i. Apollo CSM B&W and Color TV Channel Parameters

Peak Maximum
Frame Frequency Information Postdetection

Rate Deviation Bandwidth Bandwidth

Apollo CSM Block I
B&W TV

Apollo CSM Color
TV

10 fps 1.0 MHz 410kHz 500kHz

/^^~\
30 fps 1.75MHz 2 . 5 M H z - /5 .5MHz. .'

The measured performance of the B&W TV channel is presented in

Figure F-3 in terms of postdetection SNR versus total received power.

A postdetection SNR of 19 dB is required for acceptable video quality.

This value of postdetection SNR is obtained with a total received power

level of - 102. 5 dBm using the CSM HGA and a cooled 30- or 85-foot MSFN

ground station as shown in Figure F-3.

The performance of the Motorola demodulator, with respect to the

CSM B&W TV channel, is adequate to provide positive circuit margins at

lunar distance using the CSM HGA and an 85-foot MSFN ground station.

The expected video quality for the B&W TV channel using the

Motorola demodulator is shown in Figure F-4, representing the expected

video quality at lunar distance for a worst-case total received power level

of -99 dBm using the CSM HGA and an 85-foot MSFN ground station. This

picture represents a positive circuit margin of 3. 5 dB based on a required

postdetection SNR of 19 dB and a total received power threshold value of

-102. 5 dBm.

The performance of the Apollo CSM color TV channel is shown in

Figures F-5, F-6, and F-7. Figure F-5 represents the video quality of

the color TV channel for worst-case lunar distance conditions using the

CSM HGA and an 85-foot MSFN ground station. The picture quality shown

in Figure F-5 is severely degraded since the demodulator is operating

below FM threshold.
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Figure F-6 represents the color TV performance for nominal case

lunar distance conditions using the CSM HGA and an 85-foot MSFN ground

station. The picture quality of Figure F-6 is better than that shown in

Figure F-5. However, the video quality is still degraded by the FM

demodulator operating near threshold.

Figure F-7 represents the performance of the color TV channel at

lunar distance for worst-case conditions using the CSM HGA and the

2 10-foot ground station. The video quality in Figure F-7 corresponds to

a postdetection SNR of approximately 19 dB referenced in the information

bandwidth which is 2 MHz. A postdetection SNR of 19 dB is required for

acceptable Apollo TV video quality.

The quality of the TV picture shown in Figure F-7 indicates that the

demodulator is operating above FM threshold.

The data presented in these figures show that acceptable picture

quality for the CSM color TV channel cannot be obtained with an 85-foot

MSFN ground station. Therefore, it is mandatory that the 2 10-foot CDS

antenna be used to obtain color TV at lunar distance.
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