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PREFACE

On November 28, 1964, Mariner IV was successfully launched on a
trajectory that would take it within 150,000 miles of Mars. On
December 5, 1964, the spacecraft performed a successful midcourse
maneuver, altering its flight path so that it would pass within
6118 miles of the planet. The flight took approximately 7% months,
during which time a great deal of scientific information was gathered
concerning the near-Earth environment and interplanetary space. On
July 14, 1965, Mariner IV photographed the surface of Mars, and
telemetered to Earth the most advanced scientific and technical data
regarding the planet yet recorded.

This volume of the Mariner Mars 1964 Project Report describes the
system- and subsystem-level performance of the Mariner IV spacecraft
from the November 28, 1964 launch through the end of Mission Phase I
on October 1, 1965, and includes discussions of operations planning
and problem investigations performed in support of the Mariner IV
mission.

The Mariner Mars 1964 mission required the use of a great many
new techniques in designing, building, and operating unmanned space-
craft. The success of Mariner IV has made these techniques significant,
particularly in the light of future space programs. It is hoped that the
operations and results documented in this volume will be a useful
reference for those planning future space missions.

W. H. Pickering, Director
Jet Propulsion Laboratory

. JW Assistant Laboratory
Directol ar and Planetary Projects

D. Schneiderman, Project Manager
Mariner Mars 1964
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I. INTRODUCTION

This Report describes Mariner IV spacecraft per-
formance during Mission Phase 1, November 28, 1964
through October 1, 1965. The Report was prepared by
members of the Spacecraft Performance Analysis and
Command Group (SPAC).

SPAC was one of three analysis and command groups
in the Mariner IV space flight organization. SPAC areas
of responsibility included: 1) the determination of space-
craft performance by the analysis of telemetry data;
2) the recommendation of command sequences for the
correction of nonstandard performance or the optimiza-
tion of spacecraft performance; 3) the analysis of flight
spacecraft problems through suitable ground tests of
nonflight spacecraft; and 4) the training of operations
personnel for key events in the spacecraft flight sequence
through problem simulation using nonflight spacecraft
test models.

Two types of information are presented in this docu-
ment: spacecraft-related, and SPAC-related. Sections II
and IIT deal with spacecraft performance from the
system and subsystem points of view. Sections IV and V
describe SPAC organization and planning,

Mariner IV performance is reviewed from the stand-
point of overall system behavior in Section II. Particular

emphasis is placed on the effects of individual sub-
system behavior on overall spacecraft performance, e.g,,
the relationship of attitude control subsystem pitch- and
yaw-axis limit cycles on spacecraft radio-received signal
strength,

In Section III, spacecraft performance is analyzed on
an individual subsystem basis. Each subsystem is de-
scribed in sufficient detail that subsystem performance
data can be easily interpreted. All inflight perfor-
mance anomalies and failures are described in detail.
Finally, recommendations are presented for improvement
in spacecraft equipment and space flight operations
techniques.

SPAC organization and function is described in Sec-
tion IV. SPAC line and flight organizations, operations
philosophy, and interfaces with other organizations
involved in Mariner IV flight support are discussed. An
evaluation of SPAC performance during the mission
presents specific recommendations for increasing SPAC
effectiveness.

Section V presents the planning methods used by
SPAC in preparation for key flight sequence events
such as launch, trajectory-correction maneuver, and
encounter with Mars. The various command sequences
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and spacecraft operating modes proposed during the
flight are discussed in detail and the reasons for selec-
tion or rejection are presented.

Appendixes include: 1) a detailed chronology of sig-
nificant events during Mission Phase 1; 2) graphs of
engineering data received via telemetry; 3) problems

and failures of spacecraft equipment during the mission;
4) detailed descriptions of the mechanization of each of
the commands that could be transmitted to the space-
craft; 5) the test plan used by SPAC in preparation for
Mars encounter; 6) a chart for the conversion of mission
day, day of year, and day of month; and 7) a list of
personnel participating in SPAC activities.

Il. SPACECRAFT PERFORMANCE

A. Mariner IV Description

Mariner IV was one of two spacecraft launched dur-
ing the Mariner Mars 1964 Project. It was one of the
Mariner Mars 1964 design series developed specifically
to provide a Mars flyby mission capability during the
1964 opportunity.

The primary objective of the Mariner 1964 mission
was to conduct close up scientific observations of the
planet Mars and to transmit the results of these obser-
vations back to Earth. Secondary objectives were to
perform certain field and particle measurements in
interplanetary space and in the vicinity of Mars, and
to provide experience and knowledge about the per-
formance of the basic engineering equipment of an
attitude-stabilized spacecraft during a long duration
interplanetary flight farther from the Sun than Earth
orbit.

The Mariner Mars 1964 design (Fig. 1) represented an
extension of the Mariner R (1962 Venus flyby) design
modified to permit flyby missions to Mars and to accom-
modate a complement of scientific instruments appro-
priate to the mission. The Mars flight plan included:

1. Launch by an Atlas/Agena

2. Establishment of a cruise mode

3. Performance of a trajectory-correction maneuver
early in flight, if necessary

4. Gathering of interplanetary data

5. Start of planetary experiments and the gathering of
data about the planet Mars

6. Playback of data acquired during Mars encounter.

Major differences from the Mariner R design reflected
the longer flight time to Mars, a trajectory away from
the Sun, and the steadily decreasing solar energy input
to the spacecraft.

The spacecraft, fully stabilized in attitude, used the
Sun and the star Canopus as references. Cold-gas jets
pointed the spacecraft in all three axes, and external
torques were counteracted in two axes by changing the
aspect of movable solar pressure vanes to the Sun.
Gyroscopes were available for initial Sun and Canopus
acquisition and for inertial control during trajectory
corrections.

The Mariner power subsystem used photovoltaic cells
arranged on panels with a body-fixed orientation for
cruise operations and a rechargeable battery for launch,
trajectory-correction maneuvers, and backup. Power-
conversion equipment delivered regulated, 2.4-kc square
wave, 400-cps ac, and unregulated dc electricity for dis-
tribution to the spacecraft subsystems. A central com-
puter and sequencer (CC&S) provided synchronizing
signals for frequency regulation, and performed the se-
quencing of onboard switching.

The spacecraft guidance subsystem permitted
trajectory-correction maneuvers and the postinjection
propulsion subsystem (PIPS) was capable of executing
two such corrections.

A two-way S-band radio subsystem carried telemetry to
Earth, commands to the spacecraft, and angle-tracking,
doppler and ranging information for orbit determination.
There were two antennas: a low-gain and a fixed, high-
gain; either could be used to transmit or receive. Switch-
ing between antennas could be performed by onboard
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Fig. 1. Mariner Mars 1964 spacecraft viewed from above

logic or by ground command. The command subsystem
detected and decoded incoming command messages and
passed them to the various onboard equipment.

Two types of commands were used: 1) Direct Com-
mands (DCs), which resulted in direct action by the
receiving subsystem; and 2) Quantitative Commands
(QCs), which were transferred to the CC&S and stored
for later use. A data encoder subsystem formatted, se-
quenced, and when needed, provided analog-to-digital
conversion of the telemetry data.

The spacecraft carried a number of scientific instru-
ments to measure fields and particles between Earth and
Mars and in the vicinity of Mars; they included:

1. Cosmic ray telescope
. Cosmic dust detector
. Trapped radiation detector

2
3
4. ITonization chamber
5. Plasma probe

6

. Magnetometer

A data automation subsystem (DAS) furnished control
and synchronization, performed necessary data conver-
sions and encoding functions, and buffered the science
data, transmitting it to the data encoder at the various
appropriate rates and times.

For the planetary encounter the spacecraft was
equipped with: 1) a television camera, Fig. 2; 2) a scan
platform to properly orient the camera; 3) a video stor-
age subsystem; and 4) nonreal time (NRT) data-handling
electronics for the television data.

B. Nominal Flight Sequence

One of the most significant features of the Mariner
Mars 1964 spacecraft design was the concept of a space-
craft which, although fully commandable from the
ground, could complete its entire mission from launch
to end of mission without ground-based intervention or
support (except for the trajectory-correction maneuver).
This design feature allowed avoidance of complete de-
pendency on the command link but, at the same time,
provided the capability to control the mission and alter
the nominal flight sequence by ground-command action,
if necessary.
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Fig. 2. Mariner Mars 1964 spacecraft viewed from below

Table 1 provides the nominal flight sequence adopted
for Mariner IV before its launch. In general, the flight
sequence adopted before launch was followed; however,
many of the onboard encounter events were preempted
by ground command to allow the CC&S- or the sensor-
initiated events to serve as backup functions.

C. Mariner IV Performance

The Mariner IV spacecraft was launched from the Air
Force Eastern Test Range (AFETR) at Cape Kennedy,
Florida, on November 28, 1964 (the 333d day of the yr);
it was the second of two spacecraft scheduled by the
National Aeronautics and Space Administration (NASA)
for the 1964-85 Mars opportunity. From launch until the
nominal end of mission on October 1, 1965, the perfor-
mance of the spacecraft was excellent. The interplanetary
cruise portion of the mission yielded a vast amount of
useful scientific and engineering data, and during the
planetary encounter phase, all primary mission objectives
were met successfully. On October 1, 1965, the space-
craft was still performing well after more than 7300 hr
of flight. At this time, the combination of high-gain
antenna pointing errors and excessive Earth-probe range
exceeded the limits required for obtaining useful teleme-
try data, so the spacecraft transmitter was commanded to
switch from the high-gain antenna to the low-gain an-
tenna. This configuration permitted the Deep Space Net-

4

work (DSN) to track the spacecraft signals periodically,
and should permit the reacquisition of telemetry data if
the spacecraft is still operating when the Earth-probe
range has again diminished to an acceptable value. This
possibility is enhanced by the fact that throughout mission
Phase I, all engineering subsystems operated normally,
without any discernible degradation in performance.

The nominal flight sequence of events for the Mariner
spacecraft was designed to be totally automatic, requir-
ing no action from the ground for a normal flight. Such
a design relieved the mission from any dependence upon
the ground-to-spacecraft communication link (uplink)
provided that the CC&S operated correctly. The ground
command function would be necessary to the success of
the mission only if the CC&S were to fail. This was the
cornerstone of the functional redundancy philosophy
employed in the Mariner design which provided for
independent and physically different means of perform-
ing all critical functions. When both means are available,
as was the case in the Mariner IV mission, a strict reli-
ance upon the onboard functional branch may lead to a
flight sequence which is less than optimum. This proved
true in a number of cases during the flight, with the
result that thc nominal sequence was preempted or
modified at those times when it was advantageous to do-
so. The major departures from the nominal sequence of
events are shown in Table 2.




Table 1. Flight sequence adopted before launch
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No. Event Time Source Destination Comments
1 Verify number of encounter update T — 15 min Launch complex CC&S Number of pulses inserted determines
pulses to be inserted at T — 7 min equipment (LCE) time from launch to CC&S command
MT-7, which must vary with trajectory
flight time.
2 Switch to internal power T = 7 min LCE Power
3 Clear counters and insert encounter T = 7 min LCE ccas
update pulses
4 Release LCE relay hold T~ 5 min LCE Cccas
5 Switch video storage to launch mode T = 4 min LCE Video storage Monitor data der Ch | 221
(maneuver booster-regulator output
current) to determine if the video
storage subsystem is in the launch mode.
[ Release CC&S real-time inhibit T — 3 min LCE CCc&s
7 Clear relay release Event 6 + 120 sec
8 Lift-off T=0 Event Provided Event 7 occurs within
tolerance relative to Event 6.
9 Spacecraft injection 1(T + 29.2 to 48.0 Event—Agena D
min)
10 Spacecraft separation S =1+ 2.6 min Agena D—fimer
a. Radio power up and turn on cruise Inflight disconnect | Power
science connector
b. Remove relay hold and enable CC&S Inflight disconnect | CC&S
connector
¢. End video storage subsystem launch | S + 0 to 5 min Inflight disconnect | Video storage | This signal is NAND with the first
mode connector end-of-tape signal after separation and
switches the video storage tape recorder
motor to 400cps, single-phase power
for the rest of the flight.
d. Remove plasma 10-kv inhibit Inflight disconnect | Plasma probe This will allow the plasma probe to
connector supply 10 kv to its sensor.
e. Arm pyrotechnics Pyrotechnics arming | Pyrotechnics This switch wired in parallel with
switch (PAS) separation-initiated timer (SIT) for
redundancy.
f. Agena isolation amplifier turned off PAS Data encoder
g. Turn on attitude control subsystem PAS Attitude control | Initiate Sun acquisition. Roll spacecraft
to calibrate magnetometer.
h. Separation-initiated timer activated
n Arm pyrotechnics S + 30 * 20 sec SIT Pyrotechnics See comment 10 e, above.
12 Deploy solar panels and solar pressure | Event 11 + 160 + 80| SIT
vanes. Unlatch scan platform. sec |
13 Deploy solar panels and solar pressure | T + 53 min CC&S L-1 Backup to Event 12.
vanes. Unlatch scan platform.
14 Turn on aftitude control subsystem T + 57 min CC&S L-2 Attitude control | Backup to Event 10 g. Backup: DC-13.
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Table 1. Flight sequence adopted before launch (cont'd)
No. Event Time Source Destination Comments
15 Sun acquisition complete Event 12 0or 13 + 0 1f DC-13 was used to turn on aftitude
to 20 min control, Canopus acquisition will begin
at Event 15.
16 Turn on solar pressure vanes and Canopus| T + 997 min CC&S L-3 Attitude control | Backup: DC-13. Inhibit magnetometer
sensor. Initiate roll search about the calibration roll signal.
spacecraft Z axis.
17 Canopus acquisition complete Event 16 + 0 to 60 (This is at 0.1 deg/sec).
min
18 Pitch turn duration and polarity T + 2 1o 10 days QC-1-1 CCas
19 Roll turn duration polarity T + 2 to 10 days QC-1-2 ccas
20 PIPS burn duration T + 2 to 10 days QCa13 CCas
21 Arm first trajectory-correction maneuver | M — 10 min DC-29 Pyrotechnics This will ensure that the PIPS transfer
relays are in the proper state for first
maneuver.
22 Remove propulsion inhibit M — 5 min DC-14 Pyrotechnics This will ensure that the pyrotechnic
relays are not inhibited.
23 Initiate maneuver sequence M DC-27 CCas
24 Maneuver sequence start M+0
a. Turn on gyro cones for warmup CC&S M-1 Attitude control
b. Switch to Data Mode 1 Attitude control Data encoder Backup: DC-1.
25 Begin maneuver M + 59 to 60 min CC&S M-2 Attitude control
a. Spacecraft to inertial control (all axes).
Autopilot on. Canopus sensor off.
b. Set turn polarity CC&S M3 or M3*
CC&S M4
c. Start pitch turn CCaS M4
26 a. Stop pitch turn Event25 + 1101319 | CC&S M4 Magnitude inserted by QC-1-1 prior to
sec (1-sec resolution) maneuver start. (1000 sec equals 180-deg
turn).
b. Reset turn polarity ccas M3
27 a. Set turn polarity Event 25 + 22 min CC&S M-3 or M3
b. Start roll turn CC&S M-5
28 | a. Stop roll turn Event 27 + 110 1319 | CC&S M5 Magnitude inserted by QC-1-2 prior to
sec (1-sec resolution) maneuver start. (1000 sec equals 180 deg
turn).
b. Reset turn polarity CCa&S M3
29 Ignite PIPS motor Event 25 + 44 min CC&S M-6 Pyrotechnics Relay pulsed.
30 Stop PIPS motor Event 28 + 0.080 to | CCAS M-7 Pyrotechnics Relay pulsed. Magnitude inserted by
102,360 sec (0.040- QC-1-3 prior to maneuver start.
to 0.080-sec resolu-
tion)
aBar over symbol is convention indicating opposite functi




Table 1. Flight sequence adopted before launch (cont’d)
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No. Event Time Source Destination Comments
31 a. Co e automatic reacquisition of | Event 25 + 50 min | CC&S M-1 and Attitude control | If CC&S L-3 has failed to operate in
references CC&S M-2 Event 15, the Canopus sensor and solar
pressure vanes will be turned off by this
signal. This condition can be corrected
by sending DC-13.
b. Switch to Data Mode 2 Attitude control Data encoder Backup: DC-2.
32 Sun acquisition complete Event 31 + 0 to 20
min
33 Canopus acquisition complete Event 32 + 0 to 60
min
34 Turn off maneuver counter Event 25 + 139 min | CC&S ccas Internal function to CC&S which
permits subsequent maneuver to be
executed,
35 Complete tracking and send trajectory If a d trajectory-correcti
commands for second trajectory- maneuver is required.
correction maneuver
36 Perform Events 18, 19, and 20
37 Arm second maneuver M = 10 min DC-23 Pyrotechnics This will ensure that the PIPS transfer
relays are in the proper state for second
maneuver.
38 Perform Events 22 through 34
39 Switch bit rate to 81 bits/sec E — 192 days CC&S MT-6 Data encoder Backup: DC-5.
40 Set Canopus sensor cone angle No. 1 E — 137 days CC&S MT-1 Attitude control | Backup: DC-17.
41 Transmit via high-gain antenna; receive | E — 131 days CC&S MT-5 Radio Backup: DC-10.
via low-gain antenna.
42 Set Canopus sensor cone angle No. 2 E — 103 days CC&S MT-2 Attitude control | Backup: DC-17.
43 Set Canopus sensor cone angle No. 3 E — 68 days CC&S MT-3 Backup: DC-17.
44 Set Canopus sensor cone angle No. 4 E — 30 days CC&S MT4 Backup: DC-17.
Begin encounter sequence
45 Turn on encounter science E — 6% hr (nominal) | CC&S Power Backup: DC-25.
The Television subsystem (TV),
nonreal time (NRT) DAS, scan
subsystem, and video storage subsystem
receive power and cyclic encounter
science sequencing begins. The record-
ing sequence is inhibited. The scan
subsystem begins rotating the platform
from limit to limit. Actual fime of this
event will be between E — 62 and
E —~ 10 hr.
Science instrument cover removed Pyrotechnics
a. Turn off battery charger Power Power
b. Turn on video storage Power Video storage
46 Wide-angle acquisition (WAA) E — 4 hr (approx) Scan DAS The scan subsystem acquires the planet

and begins tracking.
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Table 1. Flight sequence adopted before launch (cont'd)

Event

Time

Source

Destination

Comments

47

48

49

50

51

52

53

Switch to Data Mode 3

Narrow-angle acquisition (NAA)

Inhibit scan platform motion

Begin recording

Start video storage tape recorder

End of tape in the video storage

Closest approach to Mars

a. Switch to Data Mode 2

b. Inhibit further start tape commands
to video storage

Mariner occulation by Mars

Radio signal reacquired

Switch off encounter science
Begin video storage playback
a. Switch to Data Mode 4

b. Switch off cruise science instruments

E—80toE— 35

Event 47 + 60 to 204
sec

Event 48 + 22.8 min

E+ 1todhr

Event 51 + 0.5 t0 2
hr

Event 45 4 13% hr

Event 53 + 6% hr

DAS

TV and/or narrow
angle Mars gate

DAS

DAS

Video storage

Trajectory

Video storage

DAS

DAS

Trajectory

Trajectory

CC&S MT-8

CC&S MT-9

Data encoder

Data encoder

DAS

Scan

Video storage

Video storage

DAS

Data encoder

DAS

Power

Data encoder

Power

Backup: DC3.

After Data Mode 3 is established scan
subsystem, TV and DAS engineering
data and additional cruise science data
are transmitted in real time. No data are
recorded at this time.

Backup: DC-16.

Signals from the TV and/or narrow-
angle Mars gate (NAMG) indicate
when their view is on the planet.

Removes 400-cps power from scan
actuator.
Emergency Backup: DC-24.

In addition to TV pictures, all real-
time data are recorded.

Video storage start delayed until TV is
prepared to take picture.

Video storage will stop itself and
inhibit further start commands from
the DAS.

Indicates when the video storage tape is
full.

Backup: a. DC-2,
b. Internal signal at Event
48 + 25.2 min.

The DAS start fape commands to video
storage are permanently inhibited after
the first end-of-tape signal to DAS
signal which follows the initiation of
Picture 18. An internal DAS function
inhibits further DAS start tape com-
mands after Picture 22 (Event 48
+25.2 min). This is a backup to first
part of Event 49 performed in video
storage.

During the last few minutes preceeding
the occulation, the radio signals trans-
mitted between the spacecraft and
DSIF will refract through the atmos-
phere of Mars.

Spacecraft emerges from behind Mars.

Backup: DC-26.

Backup: DC-4.
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Table 1. Flight sequence adopted before launch (cont'd)

No. Event Time Source Destination Comments

55 Video storage switch from the first track |Event 54 plus 112 £ | End of tape loop in | Video storage Backup: DC-22,

to the second track 3 hr video storage
56 Switch to Data Mode 2 DC-2 Data encoder Optional after receiving all the
recorded data desired.
Turn on cruise science instruments Power
Table 2. Major deviations from the nominal Table 3. Mariner IV sequence of events
flight sequence
Date Time, GMT Event
No. Deviation
November 28, 1964 | 14:22:01 | Liftoff.

! The spacecraft tr itter was switched via ground command 15:07:09 | RF power up, cruise science on, plasma
from the triode cavity amplifier used at launch to the traveling- probe high-voltage on, video storage
wave tube (TWT) amplifier to avoid transmitter degradation taunch mode off, CCAS relay hold off,
problems inherent in the cavity amplifier. Agena Channel F telemetry off.

2 The Canopus sensor brightness gate logic was disabled via ground 15:07:10 | Pyrotechnics armed, separation-
command to eliminate spurious gate violations thought to result initiated fimer (SIT) started, isolation
from illuminated dust particles in the sensor field of view. amplifier for Agena Channel F telem-

3 An early encounter seq e was ¢ ded during cruise to etry disabled, attitude control on.
deploy the science instrument cover in order to remove depen- 15:10:10 | Solar panels deployed and scan plat-
dence upon ground commands at encounter and to position form unlatched via SIT.
the scan platform to the optimum position as a protection
against failure, 15:15:00 | CC&S L-1 event (deploy solar panels);

no action, preempted by SIT.

4 The planetary encounter sequence was modified by ground
command to provide the maximum in backup capability for all 15:19:00 | CC&S L-2 event (turn on attitude
critical functions. control); no action, preempted by PAS.

5 A second encounter sequence was commanded in order to obtain * 15:30:57 | Sun acquisition complete, start of
calibration data for the television electronics. magnetometer calibrate roll.

é Maneuver-inhibit commands were inserted into the spacecraft 29 06:59:00 | CC&S L-3 event (transfer solar pressure
after encounter as a means of providing protection against an vanes from erect to operate and turn
inadvertent trajectory-correction maneuver. on Canopus sensor); spacecraft into

roll search.

7 The spacecraft receiver was maintained on the low-gain antenna
for the entire mission after it was verified that command capa- 30 11:02:47 | Gyroscopes off, spacecraft roll
bility via the low-gain antenna existed for nearly all of the acquired the star Canopus after three
mission due to an interferometer effect between the two roll override commands (DC-21).
antennas. December 4 14:35:00 | Trajectory-correction maneuver

¢ initiated (DC-27).
Table 3 provides a chronological sequence of events 14:47:31 | DC-13 (inhibit maneuver) transmitted
duri the Mari IV missi tarti ith liftoff d following loss of roll acquisition.
urlng - € flrlner mission, star ng wi 1Ito al'.l Maneuver attempt cancelled. Roll
concluding with the transfer of the spacecraft transmit- override commands were transmitted
ter to the low-gain antenna on October 1, 1965. later and Canopus reacquired.
5 14:25:00 | Trajectory<orrection maneuver
Although spacecraft performance was generally excel- inifiated (DC.27).
lent, the Mariner IV mission was not without incident.
. o . . 16:09:11 | Start of PIPS motor burn.
Several design deficiencies became apparent, unexpected
environmental effects invalidated the automatic reacqui- 16:58:19 | Reacquisition of Sun and Canopus
sition features in the Canopus sensor logic, and a complete. One :’" override command
. pe DC-21 ired.
number of spacecraft performance characteristics were ¢ ) require
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Table 3. Mariner IV sequence of events (cont'd)

Time, GMT

Event

December 6, 1964

13

17

Janvary 3,1965

February 11

February 27

March 5

April 2

May 7

June 14, 1965

July 14

00:00

12:29:41

14:09:00

16:06:22

17:30:00

16:59:54

06:54:43

17:02:19

13:12:37

14:25:15

17:27:25

15:51:45

14:27:55

15:41:49

17:10:18

Plasma probe experiment began to
return abnormal data.

Canopus acquisition lost, spacecraft in
roll search until acquisition of star
Y Velorum.

DC-7 (switch power amplifiers)
transmitted. TWT into 90 sec warmup;
then standard mode at 40.2 dbm
output,

Canopus reacquired. One roll override
(DC-21) required.

DC-15 (Canopus gate override)
transmitted.

CC&S MT-6 (switch bit rates)
transferred telemetry rate to
8% bits/sec.

DC-25 (encounter science on)
transmitted. Spacecraft encounter
science on, science instrument cover
deployed, scan platform started, battery
charger off, boost mode enabled. Sub-
quent ds turned 1

science off and reconfigured the space-
craft to cruise with science instrument
cover deployed, battery charger off,
and boost mode enabled.

CC&S MT-1 (Canopus sensor cone-
angle update) switched the sensor cone
angle from 100.2 deg to 95.7 deg.

CC&S MT-5 (transfer spacecraft trans-
mitter to high-gain antenna).

CCA&S MT-2 (Canopus sensor cone-
angle update) switched the sensor cone
angle from 95.7 deg to 91.1 deg.

CC&S MT-3 (Canopus sensor cone-
angle update) switched the sensor cone
angle from 91.1 deg to 86.5 deg.

CC&S MT-4 (Canopus sensor cone-
angle update) switched the sensor cone
angle from 86.5 deg to 82 deg.

DC-25 (encounter science on) trans-
mitted. Encounter science turned on
and scan platform started upon
command receipt at spacecraft.

CC&S MT-7; no action, preempted by
DC-25.

DC-24 (inhibit scan) transmitted. Scan
platform stopped with television
camera at 178.45-deg clock angle upon
receipt at spacecraft.

Date

Time, GMT

Event

July 14, 1965

15

August 3

26

27

30

31

September 1

October 1

22:10:29

23:42:00

00:17:21

00:31:42

05:01:49

11:41:50

03:20:33

21:06:52

19:40:00

20:30:00

23:35:26

01:25:00

06:29:00

21:30:17

DC-3 (transfer data encoder to Mode 3)
transmitted.

WAA at spacecraft. No action,
preempted by DC-24, DC-3.

NAA at spacecraft. Television
recording sequence started.

DC-26 (all science off) transmitted. All
science was switched off upon com-
mand receipt at the spacecraft.

A subsequent DC-2 command turned
cruise science on again.

CC&S MT-8; no action, preempted by
DC-26.

CC&S MT-9; cruise science turned off,
video storage in playback mode, and
data encoder transferred to Mode 4.

DC-2 (transfer data encoder to Mode 2
and turn on cruise science) transmitted.
Previous commands turned off video
storage playback power and turned off
the battery charger.

DC-13 (inhibit maneuver) transmitted.
Minimum turn and motor burn dura-
tion commands also sent to provide
maximum failure protection.

DC-17 (Canopus sensor cone-angle
update) transmitted. Switched the

sensor cone angle from 82 deg to

77.7 deg.

DC-25 (encounter science on) trans-
mitted. Encounter science turned on,
scan platform started upon receipt of
command at spacecraft.

DC-16 (NAA) transmitted. Started
television recording sequence for haze
calibration.

DC-4 (all science off, transfer data
encoder to Mode 4) transmitted. Video
storage playback of haze calibration
data started.

DC-2 (cruise science on, transfer data
encoder to Mode 2) transmitted.
Previous commands turned off video
storage playback power and turned off
the battery charger.

DC-12 (switch receiver and transmitter
to low-gain antenna) transmitted.
End of Mission Phase |.

10
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discovered in flight which had not been observed in
prelaunch testing. In addition, failures occurred in two
of the scientific instruments carried aboard Mariner IV.
One of these, traced to the failure of an incorrectly-
mounted resistor, caused a partial loss of useful data
from the plasma probe. The other, involving the unex-
plained failure of the Geiger-Miiller (GM) tube asso-
ciated with the ion-chamber experiment, eventually led
to the short circuiting of a power supply and the loss of
all ion-chamber data. Table 4 presents a summary of the
problems and unexpected performance characteristics
which were encountered during the mission. A Problem/

Table 4. Spacecraft problems during mission

No. Problem
1 The solar pressure vanes failed to deploy to the proper positions.
2 An electrical lockout caused one set of solar pressure vanes to fail

in the adaptive mode.

3 Periodic violations of the Canopus sensor brightness gates,
possibly by illuminated dust particles in the sensor field of view,
caused losses of roll acquisition in the standard, automatic roll
control mode.

4 A calibration error in prelaunch space-simulator testing resulted
in spacecraft temperatures which were generally lower than
expected.

5 Failure of a bleeder resistor in the plasma probe experiment

caused a partial loss of data for the major part of the mission.

é Failure of a GM tube induced a power supply failure in the ion
chamber experiment, causing the loss of all data from that
experiment.

7 A larger than anticipated radio-frequency (RF) interference effect
between the high-gain and low-gain antennas was experienced
during the later portions of the mission.

8 Transient effects in the operation of the atfitude control gas
valves resulted in minimum impulses in excess of design values.

9 Large, unexpected variations were present from time o fime in
the radio TWT helix current.

10 Voltage supply loading changes associated with the antenna
switching logic produced spacecraft transmitter frequency
changes.

1 Battery voltage exceeded design limits.

12 During the planetary encounter, it was discovered that an

unexpected logic state during the recording of television
Picture 22 prevented the automatic transfer of the data encoder
to Mode 2 upon receipt of the second end-of-tape signal.

13 During postencounter cruise, the cosmic-dust detector
instrument began exhibiting anomalous behavior.

Failure Report (P/FR) was initiated for each problem
that was observed.

These problems and performance characteristics were
primarily concerned with individual subsystems, and are
described in detail in the subsystem sections of this
Report. Many of them during the flight had a pro-
nounced effect upon the systems aspect of the flight
operation, and caused some modification to the flight op-
erations philosophy. The following material is presented
in an attempt to provide some perspective into the
Mariner IV mission from an overall systems point of view.

1. Launch-to-Canopus Acquisition

Launch was accomplished on November 28, 1964, at
14:22:01 GMT after a flawless countdown. Both Atlas
and Agena performed well, injecting the spacecraft on a
trajectory well within launch tolerances. The Deep Space
Instrumentation Facility (DSIF) at Cape Kennedy,
Florida (DSIF 71), was able to track the spacecraft until
approximately launch plus 7 min. At the nominal time
for shroud ejection, the received carrier power from the
spacecraft iricreased by about 15 db, indicating shroud
ejection. Shortly afterward, the spacecraft telemetry con-
tirmed that the solar panels were reacting to sunlight.
When DSIF 41 (Woomera, Australia) acquired the
spacecraft, the data encoder event channels had changed
from a reading (octal) of 6 31 1 to 0 4 4 3, indicating
that all separation functions had occurred normally; i.e.,
pyrotechnics was armed, pyrotechnics current flowed in
A and B channels, the planetary scan platform was un-
latched, all four solar panels were deployed, cruise
science was turned on, and the radio power was switched
to the high-power mode.

At 15:15:05 GMT, telemetry showed an event counter
reading of 1 5 5 3, indicating that CC&S event L-1 had
occurred on time. In addition to the Counter 2 event
expected at L-1, events were also observed in Counters 1
and 3. Inasmuch as the number of event-register
changes prior to L-1 indicated the proper deploy-
ment of the solar panels, it was concluded that the
extra events were the result of pyrotechnics current in
both channels A and B. This would be possible if the
solar panel pinpullers had shorted after they were fired,
a distinct possibility confirmed both by ground tests and
by Mariner III flight data (where one extra pyrotechnics
current event was observed). The CC&S L-2 event
occurred normally, backing up the already completed
Agena separation function of turning on the attitude

'Also see Appendix C.
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control Sun sensors and acquisition logic. Sun acquisi-
tion was completed at 15:31:04 GMT, and the spacecraft
went into a programmed roll to furnish calibration data
for the magnetometer.

The first data samples of the solar pressure vane posi-
tion telemetry after solar panel deployment indicated that
all four vanes had been deployed successfully, but that all
four vanes had traveled so far past the nominal angle
that they were much nearer than expected to the plane
of the solar panels. Despite the overshoot upon deploy-
ment, the center of pressure of the spacecraft remained
behind the center of gravity. Thus the effect of the solar
pressure vanes upon the control of spacecraft attitude
was stable, rather than regeneratively unstable. While
such an effect was of second order, the tendency was to
conserve attitude control gas rather than to increase its
expenditure.

At about 1659 GMT the first of a number of data
encoder position skips and deck resets in the telemetry
commutation cycle was observed. Abnormal indications
from the plasma probe and the cosmic-dust detector
coincided with the skips. The plasma probe failed to
receive some of its normal stepping pulses, and the
cosmic-dust detector showed spurious hit indications,
both of which are phenomena associated in prelaunch
testing with electrical transients on board the spacecraft.
The anomalies continued for 23 min, after which the
spacecraft returned to normal operation. Subsequent
analysis of the spacecraft telemetry data showed no
evidence of any performance degradation of the data
encoder, the plasma probe, or the cosmic-dust detector
which could be attributable to, or be the cause of this
transient behavior. Although an acceptable hypothesis
had been advanced, the phenomenon remains unex-
plained because verification was not possible. A second
period of commutator position skipping, deck resets,
anomalous plasma probe readings and cosmic-dust de-
tector data occurred on December 6, 1964, when the
plasma probe began to show a degradation in perfor-
mance. This period also indicated symptoms of abnor-
mal electrical transients on board the spacecraft, but,
beyond this similarity, there was no correlation between
the two events. It has since been established that the
second period of transient activity was the direct result
of a gradual piece-part failure in the plasma probe, and
that once the part had completely failed, no further
effect was observable in the remainder of the spacecraft.

On November 29, 1964, at 06:59:03 GMT, the CC&S
L-3 event was observed in the data. The Canopus sensor

12

telemetry confirmed that it was powered, and the space-
craft went into a normal roll search. Before launch a
standard sequence of events during Canopus acquisition
had been formulated, because it was anticipated that
star identification might pose a serious problem, and
because the celestial geometry near launch made it prob-
able that the first star acquired would not be Canopus.
The sequence adopted involved allowing the spacecraft
to acquire any object that fulfilled the Canopus sensor
brightness logic intensity requirements and to become
roll stabilized to that star. All data which might provide
evidence as to the roll orientation of the spacecraft
would then be gathered and evaluated. Based on this
evaluation, a recommendation for any command action
would be formulated, and then implemented during the
next DSIF 11 (Pioneer site, Goldstone, Calif) pass.

An acquirable object entered the Canopus sensor field
of view after approximately 60.5 deg of roll search, was
acquired, and the gyros were turned off by the acquisi-
tion logic. A review of the telemetry immediately indi-
cated that the star acquired was not Canopus. Although
tentatively identified as the star Markab, later analysis
showed that the sensor actually had made a false acqui-
sition on Earthlight reflected into the sensor optics. Re-
view of the telemetered light intensity data from the
sensor showed that the background intensity due to
Earthlight was much higher than anticipated, leading to
the possibility that a relatively dim star, normally much
below the sensor acquisition level might, in fact, ride high
enough above the background to become acquirable. As
a result, the recommendation for command action was
postponed until early in the next DSIF 11 pass when:
1) a more complete analysis of the data would be avail-
able, and 2) increasing Earth range reduced the Earth-
light background.

Later, on November 29, 1964, at 13:12:57 GMT, data
indicated that the gyros had turned on and the space-
craft was in roll search in its automatic reacquisition
mode. At approximately 1326 GMT, an acquirable object
entered the Canopus sensor field of view and the gyros
were automatically turned off at 13:29:15 GMT. Teleme-
try indicated that the star acquired was approximately
one-quarter of the expected Canopus brightness. A re-
view of all data gathered from the L-3 event to this
acquisition showed that the star intensity map obtained
during the automatic reacquisition did not correlate with
that expected for a search beginning at Markab, and that
the roll-axis control during the first acquisition appeared
much noisier than during the second. These facts led
to the hypothesis that the first object acquired was a
cluster of stars whose brightness was augmented by the
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};igh background light from the Earth, and that the space-
craft had actually been drifting in roll in response to a
very noisy input illumination to the sensor.,

At this point it was decided to proceed with the
Canopus acquisition via ground command from DSIF 11.
The first roll override command (DC-21) was transmit-
ted to the spacecraft and verified in the telemetry at
09:14:13 GMT on November 30, 1964. The gyros turned
on and the spacecraft went into a normal roll search.
After nearly 60 deg of roll, another star was acquired.
An examination of the star intensity map for this search
showed an almost absolute correlation with the a priori
map of the sector between the star Regulus and the
star Naos. With this first positive indication of the space-
craft roll orientation, the decision was made to continue
with Canopus acquisition. A second DC-21 moved the
roll reference to the star y Velorum. The final DC-21
resulted in Canopus acquisition and the initiation of the
pretrajectory correction cruise phase of the mission.

2. Pretrajectory-Correction Cruise

For the most part, this portion of the early flight was
without incident, except for two roll-control transients,
one of which caused a momentary loss of Canopus acqui-
sition. The first transient occurred on November 30, at
1341 GMT, when the telemetry indicated an abrupt
change in the roll error signal followed by a rapid
excursion from one side of the roll deadband to the
other. Some effect in the pitch and yaw axes was also
noted. Examination of the telemetry data yielded no
correlation with any spacecraft function or event and
the transient was attributed to either noise within the
attitude control subsystem or to some causal agency
external to the spacecraft. The second roll transient,
which occurred on December 2, 1964, at 10:09:00 GMT,
was the first one which demonstrated all of the charac-
teristics which later became associated with a specific
type of repeated roll transient. Canopus brightness had
been consistently indicating 100% of the expected
Canopus intensity. Suddenly, for one sample, the bright-
ness went to 130% of expected intensity, and, in the
same frame of data, a roll error signal significantly less
than the error corresponding to the lower edge of the
roll deadband was observed. In the next engineering
data frame, 12.6 sec later, Canopus brightness had
dropped to 50% of the expected intensity, the roll error
signal was larger than the high edge of the roll dead-
band, and the gyros had turned on. Reacquisition oc-
curred almost immediately, and the gyros turned off
after a total on time of 207.5 =+ 3.4 sec. Analysis of the
data indicated that all of the roll-position errors ob-

served could not be valid, inasmuch as the spacecraft
dynamic response would not be fast enough to provide
either the initial large negative error or the subsequent
recovery. The problem, at that time, remained unex-
plained, although all indications were that the spacecraft
had tracked a very bright object which had passed
through the field of view of the sensor.

As the spacecraft temperatures began to stabilize after
Canopus acquisition, it began to appear that the stabili-
zation point would be from 6°F to 10°F colder than the
nominal temperatures predicted for the near-Earth por-
tion of the flight. However, spacecraft temperatures
were within the preflight estimated tolerances. A review
of the thermal control activities prior to launch indicated
that a possible source of error in the final determination
of spacecraft thermal properties was the calibration of
the solar simulator during Mariner tests in the 25-ft
space simulator. Investigation showed that the calibra-
tion was incorrect, but that the error was linear in
nature, so that while the percentage error would remain
constant with decreasing solar input to the spacecraft
as it approached Mars, the absolute error would de-
crease, causing actual temperatures to converge with the
prelaunch predictions. As predicted, spacecraft thermal
control remained very good throughout the flight.

Midway through November 30, 1964, the Earth de-
tector output became unsaturated somewhat earlier than
expected. Because of the additional confidence in the
determination of roll orientation afforded by the Earth
detector, it was recommended that the trajectory-
correction maneuver be performed as early as possible,
all other things being equal. A thorough evaluation of
the information at hand indicated that the optimum date
for the first trajectory correction attempt would be on
December 4, 1964 during the DSIF 11 pass, with Decem-
ber 5 and 6 as alternates.

3. Trajectory-Correction Maneuver

On December 4, 1964 an attempt to correct the tra-
jectory of the spacecraft was initiated. The maneuver
sequence was terminated before the trajectory correction
was accomplished because of an unexpected loss of roll
attitude shortly after maneuver sequence initiation. On
the following day, December 5, another maneuver was
attempted and successfully completed.

About 50 sec after the first maneuver sequence was
initiated on the spacecraft, the spacecraft dropped lock
on Canopus and went into a roll-search mode, searching
for another acquirable object. A DC-13 was transmitted
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to the spacecraft to abort the maneuver because it had
been determined that there was insufficient time to re-
acquire Canopus with successive DC-21s before the
CC&S initiated the pitch-turn maneuver. After maneu-
ver abortion, the spacecraft maneuver clock responded
properly to the quantitative commands that had been
stored in the onboard logic, demonstrating that the
affected subsystems would respond properly during
the next maneuver attempt.

The second maneuver attempt was performed on
December 5, 1964 after a satisfactory sequence of events
and procedures, that would prevent a recurrence of roll
search during the maneuver, was developed. The plan
that was adopted used a spacecraft design feature that
allowed the stopping of spacecraft roll search and the
reestablishment of the correct roll attitude without roll-
ing the spacecraft through almost 360 deg of arc. The
spacecraft roll gyro would be placed in the inertial (rate-
integrating) mode via DC-18 to freeze its position in
inertial space, and then the spacecraft would be backed
up with successive DC-18s until the Canopus sensor
plane was properly oriented. Roll attitude would then
be referenced to Canopus again using a DC-19.

Table 5 lists the DC-18 maneuver sequence available
for use during the second midcourse maneuver attempt.
The sequence incorporated Space Flight Operations

Table 5. Tentative DC-18 trajectory-correction
maneuver sequence

Time Event

M — 5 min DC-27 execution and time of execution is requested.
The DC-27 time of execution is to be based on an
estimated zero-roll error crossing at 1435 GMT + 15
min. The preferred slope of the error-signal-vs-time
plot is negative, i.e., the direction of roll should be
away from the limit at which spacecraft roll attitude

was lost during the first maneuver attempt.

M=0 DC-27 executed by spacecraft.

M + 1 min Automatically load DC-18 into ground command
operational support equipment (OSE).

M + 36.5 min| Latest time that an indicated roll search can be
corrected.

M + 37 min Latest time that DC-18 No. 1 can be transmitted from
DSIF 11. If no DC-18’s have been transmitted by this
time, remove DC-18 from ground command OSE and
insert DC-13.

M + 54 min Latest time for Canopus acquisition/reacquisition

confirmation. Load DC-13 into ground command OSE.
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(SFO)-based constraints needed because of the special
sequence execution conditions.?

The second midcourse maneuver was initiated at
1425 GMT and successfully completed. Canopus acqui-
sition was maintained until the inertial control mode was
established at M + 60 min, making the use of DC-18 or
DC-13 unnecessary. The roll position error signal and
the roll rate were approximately zero when DC-27 was
sent, providing optimum initial conditions for the roll
channel at the start of the maneuver.

Telemetry during the maneuver sequence verified that
all turns were correct and that the PIPS motor burn ap-
peared normal. Some of the pressure data for the motor
differed from those obtained in ground tests, but the
differences were attributable to the problems inherent
in dynamic testing in a simulated space environment.
Tracking data indicated that the doppler change at PIPS
motor burn was nominal, and subsequent trajectory com-
putations verified that the new aiming point was well
within all tolerances. The maneuver moved the trajectory
from a 151,000-mi miss distance on the wrong side of the
planet to a 6000-mi miss on the side of the planet that
satisfied all science and engineering constraints,

The return of the spacecraft to a cruise configuration
after the trajectory correction was uneventful. Sun
reacquisition required less than 5 min, roll search
was initiated normally, and on December 5, 1964 at
16:47:56 GMT, acquisition of the first acquirable star
that passed into the Canopus sensor field of view was
complete. One roll override command (DC-21) was suf-
ficient to reorient the spacecraft to the star Canopus.

4. Interplanetary Cruise

Following the reestablishment of cruise mode opera-
tions after the trajectory correction, the spacecraft en-
tered a phase of the mission (the interplanetary cruise)
which lasted, with one brief exception, until the start
of the planetary encounter on July 14, 1965. The one
exception was the science cover deployment exercise on
February 11, 1965. During this exercise, encounter
science was cycled via ground command. Included in
the final portion of the cover deployment exercise was a
command sequence that modified the cruise configura-
tion somewhat, turning off the battery charger and en-
abling the battery charger boost mode.

"The actual sequence performed is listed in the Chronology,
Appendix A.
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" The interplanetary cruise portion of the mission in-
cluded the execution of six CC&S master timer (MT) com-
mands, the transmission and execution of two ground
commands to modify the cruise configuration of the
spacecraft, and two failures in the cruise science instru-
ments. The first of these failures resulted in a degrada-
tion in the performance of the plasma probe, and the
second led to the catastrophic failure of the ion cham-
ber. The two ground commands were transmitted to
place the spacecraft in an alternate roll control mode in
order to prevent losses of the roll reference and to
switch the spacecraft transmitter from the triode cavity
power amplifier to the traveling-wave tube (TWT) power
amplifier in order to maximize the probability of mission
success.

a. Plasma probe failure. At approximately 0000 GMT
on December 6, 1964, the first indications of a failure on
board the spacecraft were noted. Science data analysis
reported that the plasma probe voltage did not appear
to be stepping properly. Two hr later a deck skip was
noted in the engineering telemetry coincident with
plasma probe and cosmic-dust detector data anomalies.
For the next 23 hr, data encoder, plasma probe, and
cosmic-dust detector anomalies occurred intermittently.
Subsequent analysis of plasma probe data showed a
steady degradation in quality until the data reached
a point where it was undecipherable by conventional
means. Throughout the 23-hr period, the engineering
data remained normal, with only the abnormalities in
the commutation cycle to indicate any spacecraft mal-
function. From the time that the plasma probe data
reached a level from which there was no further degra-
dation through the end of Phase I of the mission, there
were no deck skips or resets observed in the data
which were not correlated with onboard switching func-
tions. All indications were that an isolated piece-part
failure in the plasma probe resulted in sporadic genera-
tion of radio-frequency (RF) noise for the duration of
the propagation of the failure, and that when the part
had failed completely, the removal of the noise source
precluded any further interaction with the rest of the
spacecraft. Further analysis confirmed the failure mecha-
nism, and led also to the development of a data-processing
technique which allowed the recovery of a significant
portion of the plasma data by the experimenter.

b. Ion chamber failure. After a Class 2 solar flare on
February 5, 1965, the ion chamber GM 10311 tube
began to count at an excessive rate. None of the other
radiation instruments on the spacecraft showed any evi-
dence of abnormal radiation levels; it was felt, therefore,
that a failure may have occurred in the tube itself since

the ion chamber instrument with which the GM 10311
tube was associated showed no degradation in perfor-
mance. This hypothesis was substantiated by a duplica-
tion of the flight data by the life-test unit after being
exposed to radiation levels corresponding to those ex-
perienced by Mariner IV. A careful review of the space-
craft telemetry data yielded no correlation between the
GM 10311 tube performance and any function or condi-
tion occurring elsewhere in the spacecraft.

On March 17, 1965, during the telemetry blackout over
DSIF 51 (Johannesburg, South Africa), which was sup-
porting the Ranger Project, a second, related failure
occurred, and when the spacecraft was acquired by
DSIF 11 the telemetry data showed that the GM tube
counting rate had dropped to zero and the ion chamber
was returning no data at all. Analysis indicated that
the second failure could be attributed to a failure of the
power supply common to both the ion chamber and
the GM tube indicated by a short circuit in the tube
itself.

¢. Power amplifier switching by command. Early in
the Mariner-IV flight, a formal recommendation was
made to SPAC by telecommunications personnel to
switch the radio to the TWT amplifier via ground com-
mand action. This action represented the implementation
of a radio flight plan formulated prior to the launch.
The recommendation was approved by SPAC, the Space
Flight Operations Director (SFOD), and the Project
Manager. Command action (DC-7) was initiated on
December 13, 1964, and the transfer from the cavity
amplifier to the TWT amplifier was successfully com-
pleted.

This decision, based upon an evaluation of the charac-
teristics of the two different amplifiers, revolved around
the following arguments. The TWT had a predicted
lifetime far in excess of the minimum Mariner mission
requirements and its known failure modes led to im-
mediate, catastrophic failure. The cavity amplifier, on
the other hand, was known to show definite aging effects
which limited its useful lifetime to approximately the
length of the Mariner mission. It was necessary to launch
using the cavity amplifier because the TWT did not
have the low-power mode required for the launch phase,
but if the cavity were employed throughout the flight it
was probable that aging would degrade its performance
to the point where it would not be capable of returning
useful data to Earth at the planetary encounter. As a
result, operation of both the cavity and the TWT would
be required for a successful mission. However, if the
TWT were employed from some early point in the mis-
sion, it would be capable of serving for the entire
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mission, barring catastrophic failure. In the event of
TWT failure at some later time during the mission, the
cavity amplifier would be available, undegraded by ex-
cessive use, for the balance of the flight. Thus, the mis-
sion could be successfully completed if either the TWT,
or a combination of the TWT and cavity were capable
of operation. The additional backup capability afforded
by the latter mode of operation led to its adoption for
the flight.

Another factor that contributed to the decision to
transfer to the TWT by ground command was that the
spacecraft was designed with the capability to auto-
matically transfer from one power amplifier to the other
if the amplifier output were to drop below a fixed point.
Since the most likely failure mode of the TWT was
catastrophic failure, automatic switching to the cavity
amplifier would take place if the TWT failed. However,
the most likely failure mode of the cavity was gradual
degradation, therefore if command capability were lost,
the spacecraft could reach a state in which the cavity
amplifier output was so degraded that useful data could
not be returned, and yet not degraded enough to cause
automatic switching to the TWT.

Following the power amplifier switch via DC-7, the
TWT operated as expected with one exception. Begin-
ning on December 22, 1964 and continuing through
December 31, 1964 telemetered data indicated that the
TWT helix current was varying more than anticipated,
and was generally tending to increase. It finally stabi-
lized about 0.4 ma higher than the initial value, Discus-
sions with the manufacturer subsequently established
that helix-current variation was a known characteristic

of TWTs used in space applications and should be con-
sidered normal.

d. Canopus sensor gate inhibit. Before the first trajec-
tory correction attempt, two roll transients occurred,
one of which caused the loss of Canopus, although it
was subsequently reacquired without incident. When
the first attempt failed due to a loss of roll acquisition,
there was enough available evidence to question the
capability of the spacecraft to remain attitude stabilized
in normal roll control. All remaining doubt was removed
when on December 7, 1964 at 12:29:41 GMT the space-
craft again lost Canopus acquisition and went into roll
search, reacquiring finally on the star y Velorum. Since
roll orientation was critical during the cruise phase only
when the spacecraft was transmitting or receiving via the
high-gain antenna, it was decided to allow the Canopus

sensor to remain acquired to y Velorum until a plan of
action could be formulated.
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The plan submitted by SPAC and approved by the
Project Manager involved reacquiring Canopus, and then
sending a ground command to disable the Canopus
sensor brightness gate logic (DC-15). The necessity for
command action was emphasized by four roll transients,
each of which caused momentary loss of acquisition
during the next 10 days. Several models were proposed
to explain the transients, but the one which appeared to
best fit the data in all cases attributed the transients
to dust particles illuminated by the Sun. This theory
accounted for the large error signals observed, which
could not be explained in terms of normal spacecraft
motion, and it delineated the mechanism by which
acquisition was lost, i.e., the high brightness of the near-
by particles would produce violations of the high-
intensity gate logic, thus placing the spacecraft into an
automatic override mode. Examination of the telemetry
data indicated numerous brightness transients during
the early flight, in addition to those severe enough to
cause gate violations. The conclusion was that the space-
craft would continue to suffer periodic losses of roll
acquisition throughout the mission if it were allowed to
continue in the normal, roll control mode.

At that time, since the spacecraft was both transmit-
ting and receiving via the low-gain antenna, the only
consequences of the normal roll control mode were the
transients injected into the spacecraft when the gyros
and the maneuver booster-regulator were turned on and
off. Although this was undesirable, in tests on the proof
test model (PTM) spacecraft the gyros had been cycled
many hundreds of times without any apparent degrada-
tion. For a spacecraft transmitting on the high-gain an-
tenna, however, the loss of Canopus acquisition would
be accompanied by a loss of downlink communication
from the spacecraft. During the period of the mission
when a large number of stars was acquirable, this im-
plied a requirement for blind transmission of commands
in order to recover both Canopus acquisition and te-
lemetry data. If the command capability were lost alto-
gether, estimates by guidance and control personnel
were that the high-gain antenna would be available for
less than 10% of the time during cruise, and that the
probability of being Canopus-acquired during encounter
would be less than 0.10.

Transmission of a DC-15 command to the spacecraft
would have removed the Canopus sensor brightness
gates which were used for acquisition and prevented the
initiation of roll search due to the observed high bright-
ness gate violations. Since the spacecraft response would
be slow compared with the speed of the violations, the
sensor would remain oriented properly toward Canopus
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régardless of the transient brightness sensed. The only
remaining mechanism for this type of loss of acquisition
with the gates removed was that the sensor could follow
another object instead of Canopus if the object both
were brighter than the star and moved slowly enough
through the sensor field of view to allow spacecraft
roll response.

The major drawback to the use of DC-15 was that the
gyro coritrol unit was controlled through the gate logic,
so that with the gates disabled there could be no gyro
turn-on except by ground command in the event that
Canopus acquisition was lost. The Mariner design not
only used the gyro turn-on under these conditions for
the automatic reacquisition, but also was able to ensure
that the receiver was accepting signals from the low-
gain antenna so that command capability would exist
for all roll attitudes. With DC-15 in effect and the space-
craft receiving via the high-gain antenna, a loss of
Canopus acquisition could not be corrected for from
66% hr to 13314 hr, the time required for the onboard
logic to automatically switch the receiver back to the
low-gain antenna, thus restoring command capability.
The problem became most severe if the spacecraft were
perturbed in such a manner as to cause the loss of both
Sun and Canopus acquisition. Without the gyros there
was a possibility that Sun reacquisition within the re-
quired time would not be possible. The probability that
the spacecraft would experience a disturbance large
enough to knock it significantly off of the Sun line was
estimated to be quite low (about 10~ to 10-%); hence, the
risk of this failure mode was accepted.

The DC-15 command action was initiated on Decem-
ber 17, 1964. A single roll override command (DC-21)
was sufficient to return the spacecraft roll orientation
to the star Canopus. DC-15 was then transmitted, and
all indications were normal. Throughout the balance of
the mission, although a significant number of roll tran-
sients were observed in the telemetry, roll acquisition to
the star Canopus was maintained without any problem.

One of the hypotheses offered to explain the roll tran-
sients observed early in the flight was that microme-
teoroids impinging on the spacecraft either knocked
loose dust held to the spacecraft electrostatically or pro-
duced spalling, possibly of thermal control paint, and
that these secondary particles passing through the view
of the Canopus sensor were responsible for the sensor
brightness gate violations. The latter portion of the
interplanetary cruise, however, indicated no correlation
between micrometeoroid activity as reported by the

cosmic-dust detector experimenter and the occurrence
of roll transients.

Prior to the time for the CC&S to command the switch
from transmit via low-gain antenna to transmit via high-
gain antenna, the DC-15 decision was reviewed, since
the loss of Canopus acquisition in this condition would
automatically produce a loss of telemetry. In view of the
continuing occurrence of roll transients, it was decided
to remain in the DC-15 condition. A more severe prob-
lem was presented by the apparent requirement to
switch the receiver to high-gain antenna several weeks
later. Analysis of the spacecraft RF characteristics in the
transmit via high-gain antenna and receive via low-gain
antenna mode showed, however, that an RF interference
effect between the signals from two antennas into the
receiver produced an unexpected ability to maintain
command capability from the three prime tracking sta-
tions assigned to Mariner for all but a relatively brief
period throughout the remainder of the mission. This
removed the last major disadvantage associated with
DC-15, that of not being able to take immediate com-
mand action to turn on the gyros in case of a loss of
attitude stabilization if the spacecraft were receiving via
the high-gain antenna, and led to the decision to main-
tain a DC-15 condition throughout the entire mission.

e. Interferometer effect. Within a few days of the
CC&S command MT-5 antenna switch, sufficient infor-
mation became available to show that both the spacecraft-
received signal strength and the ground-received signal
strength were varying in a manner which indicated
that some amount of RF interference was being expe-
rienced. That this was a potential problem had been
recognized long before launch; however, for the nominal
characteristics of the communications subsystem it was
felt to present a problem only when the Earth was nearly
aligned with the boresight of the high-gain, directional
antenna and the spacecraft was either transmitting or
receiving via the low-gain omniantenna. At the boresight
of the high-gain antenna, the increase in antenna gain
above that of the low-gain antenna was very nearly equal
to the isolation between the two antennas. As a result,
RF leakage via the high-gain antenna was approximately
the same order of magnitude as the normal signal via the
low-gain antenna. The path length from the ground
receiving antenna to each of the spacecraft antennas then
determined the phase relationship of the two interfering
signals, causing either constructive (additive) or destruc-
tive (subtractive) interference.

The fact that interference between the spacecraft an-
tennas was present as early in flight as February 22, 1965
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on the spacecraft-to-Earth link (downlink) and Febru-
ary 18 on the Earth-to-spacecraft link (uplink) was unex-
pected and indicated that the exact RF configuration of
the spacecraft was not well understood. The signal
strengths at all of the DSIF stations began to drop rap-
idly on February 22 and 23, causing SPAC to review the
possibility of recommending an early switch of the trans-
mitter to the high-gain antenna. Analysis by telecom-
munications personnel of the signal characteristics of
Mariner IV and of the data gathered in prelaunch an-
tenna tests resulted in a set of predicted values of signal
level as a function of spacecraft aspect angle (which was
a function of mission time), that showed that the first
null in the interference pattern would still yield signal
strengths above the absolute telemetry threshold. Thus,
although a relatively large number of bit errors might
be expected, the telemetry data received would still be
of sufficient quality to allow normal spacecraft data
analysis by SPAC. It was predicted that the null would
last for 3 to 5 days, and then the received signal strength
from the spacecraft would begin to increase as the
changing relative path length from the two antennas to
the Earth reached a point where the interfering signals
began to come into phase with each other. The CC&S-
controlled switch of the spacecraft to the high-gain
antenna was scheduled for just after the time of this
predicted peak signal strength. On the basis of this infor-
mation SPAC recommended to the Mariner Project that
no command action be taken to effect an early antenna
switch.

The interferometer pattern calculated from the signal
strengths reported by the DSIF in the succeeding few
days matched very closely with the predictions, and,
although a bit-error rate as high as 3% was sometimes
observed, it proved quite feasible to provide continuous
analysis of the spacecraft data until the antennas were

switched by the CC&S.

The CC&S-controlled transfer of the spacecraft trans-
mitter to the high-gain antenna (MT-5 event) occurred
as expected on March 5 at 13:02:37 GMT. The increase
in signal strength at DSIF 42 (Tidbinbilla, Australia)
matched the predicted change very closely and all te-
lemetry indications verified a normal transfer. It was
noted that coincident with the switch of the transmitter
to the high-gain antenna there was a 14-db increase in
the spacecraft-received signal strength. Subsequent
analysis indicated that the change of state of the circu-
lator switch which controlled the antenna switching also
changed the phase relationship of the interfering signals
on the Earth-to-spacecraft link, effectively changing
position of the interferometer pattern, so that the uplink
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signal was near a peak rather than a null. An effort was
initiated to gather sufficient data after MT-5 to allow
remapping of the uplink interferometer pattern.

Originally it had been predicted that command capa-
bility via the low-gain antenna could be maintained
through April 8, 1965. The predictions based on space-
craft automatic gain control (AGC) readings after MT-5,
however, included a very deep null in the interference
pattern which would have precluded command action
using the DSIF 10-kw transmitters for the period from
March 24 through April 1, and from the DSIF 13 (Venus
site, Goldstone, California) 100-kw transmitter from
March 26 through March 30. The alternative action of
allowing or commanding the spacecraft receiver to trans-
fer to the high-gain antenna necessitated a review of the
attitude control mode of operation of the spacecraft as
well as the telecommunications configuration. With
DC-15 in effect, the automatic star reacquisition feature
of the Mariner Mars 1964 design is not available in the
event that Canopus acquisition is lost, so that proper re-
acquisition of Canopus requires ground command action.
Except for the command blackout period during the
predicted null, command action would be possible from
the Venus site 100-kw transmitter through the posten-
counter period. The maximum loss of both uplink and
downlink communications, then, would be the period
between Goldstone tracking passes. If the spacecraft
were allowed to transfer to receive via the high-gain
antenna, however, a loss of roll orientation could result
in a command blackout of up to 133%4 hr, the maximum
time until the spacecraft automatically switched its re-
ceiver back to the low-gain in the event of a loss of
uplink communications.

After extended discussion, it was decided to configure
the spacecraft in such a manner that the transfer of the
spacecraft receiver to the high-gain antenna would take
place automatically on March 26 at 09:03:54 GMT. In
order to accomplish this it was required that the DSIF
refrain from establishing uplink RF lock with the space-
craft until two consecutive CC&S cyclic pulses (CY-1)
occurred. At the second CY-1, the receiver would trans-
fer from one antenna to the other, and at each subse-
quent CY-1 would transfer again as long as the uplink
RF lock was withheld. CC&S CY-1 No. 42 was allowed
to occur on March 23 at 14:24:24 GMT while DSIF 11
was in one-way RF lock (ground transmitter off), and
no further two-way RF lock passes (ground transmitter
operating and spacecraft phase-locked loop in-lock) were
scheduled. This method of effecting the antenna trans-
fer had the additional advantage over ground command
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that the transfer could be aborted by resuming the nor-
mal two-way lock schedule. This advantage was em-
ployed when, just before CY-1 No. 43 (which would
have caused the transfer) it became apparent that the
decrease in signal strength received by the spacecraft
was less than predicted. As additional telemetry became
available the interference pattern predictions were re-
vised, finally indicating that the null would probably
still leave a substantial command margin for even the
10-kw transmitters. As soon as sufficient confidence
was generated in this new value, the DSIF schedule was
amended to include a two-way pass prior to CY-1 No. 43,
thus inhibiting the transfer of the spacecraft receiver to
the high-gain antenna.

Analysis of the revised pattern indicated that the error
in prediction of the spacecraft received signal strength
was due to a difference in the isolation characteristics
of the circulator switch that controlled the antenna from
the nominal values which had been assumed. Predictions
of the command margin throughout the remainder of the
mission showed a positive margin for all but a brief
period during May and June, when command capability
could still be maintained from the DSIF 13 100-kw trans-
mitter. In view of this it was decided to remain in the
receive via low-gain antenna configuration throughout
the mission, pending a final review as the 10-kw com-
mand blackout approached in May.

As expected, the spacecraft-received carrier-power for
transmission from 10-kw transmitters at the prime DSIF
stations dropped below —139 dbm, the worst-case com-
mand threshold on May 3. It rose above — 139 dbm again
on June 22. During most of this period command capa-
bility from the 10-kw transmitters was doubtful and, for
some 27 days in the middle of the period, impossible. As
a result of an SPAC review of the command situation,
it was recommended that the spacecraft receiver remain
switched to the low-gain antenna because: 1) few fail-
ures could be hypothesized that were correctable by
ground command action, but that could not wait until
the 100-kw transmitter at DSIF 13 could be used; and
2) a significant risk of losing roll attitude and therefore
all command capability, existed in the receive via the
high-gain antenna configuration. Throughout the period
of doubtful or impossible 10-kw command capability,
the 100-kw transmitter at the Goldstone Venus site was
kept ready for command transmission on short notice.

Since both the normal encounter sequence plan and
any possible emergency procedures involved the com-
mand subsystem, it was recommended by SPAC that a

series of periodic command-loop lockups be undertaken
to:

1. Provide data on the behavior of the command sub-
system

2. Verify optimum command-loop lockup procedures

3. Assure the maintenance of a high degree of readi-
ness of DSIF equipment and operators

Command-loop lockups were accomplished from
DSIF 13 with the 100-kw transmitter on April 9 and
again on April 13, from DSIF 11 and 51 on April 28,
and from DSIF 42 on April 30. The second DSIF lockup
(April 13) was performed after the 10-kw command
blackout had begun. All exercises of the command sub-
system were accomplished normally. Throughout the
10-kw command blackout, DSIF 13 continued to per-
form periodic command-loop lockups with the 100-kw
transmitter. On June 28, command-loop lockups from
the 10-kw sites were resumed and continued on a regu-
lar basis through encounter.

f. CCLS MT events. Six CC&S MT events occurred
during the interplanetary cruise phase of the Mariner IV
mission. Although all of the commands issued by the
CC&S were correctly transferred to the appropriate sub-
systems on the spacecraft, several of them were accom-
panied by anomalous indications in the telemetry or in
the ground-received signal characteristics. However, a
thorough analysis of the telemetry data produced no
indication of anything other than normal performance
by the spacecraft.

The first MT command issued was the bit-rate switch
event (MT-6) which occurred on January 3, 1965 at
16:59:54 GMT, as expected. The data encoder responded
normally, switching from a rate of 3314 bits/sec (bps) to
a rate of 8% bps. Coincident with the MT-6 event,
DSIF 41 (Woomera, Australia) reported a decrease of
about 1 db in the received carrier power as indicated by
the station AGC monitor. Throughout the balance of the
mission the ground-received carrier power agreed with
predicted values well within the calibration tolerances
of the AGC monitors, indicating normal performance by
the spacecraft. To this time .the cause of the apparent
decrease at MT-6 remains unexplained.

The first Canopus sensor cone-angle update (MT-1)
was issued by the CC&S on February 27 at 17:02:03
GMT. The event appeared normal in every respect so
far as the data were concerned, and it was subsequently
verified by telemetry that the cone angle had changed
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from the preset position of 100.2 deg to the MT-1 posi-
tion of 95.7 deg. Analysis of the data, however, showed
that a skip in the data encoder commutation cycle had
occurred at the time of the event. The commutator, at
low deck positions 308, 419, and 439 was apparently
subjected to a transient which resulted in a reset of the
synchronizer before receipt of its normal stepping pulse.
As a result, the next readout of the low decks was for
measurements 301, 401, 421, While it was known that
the Mariner synchronizers were susceptible to transients,
all of the prelaunch test experience indicated that power
transients or high-level hardline-carried broad-spectrum
noise (e.g., electrical arcing), were necessary to cause
deck skips or resets. Either this conclusion was errone-
ous, or there was some type of power transient or noise
burst on the spacecraft coincident with the MT-1 event.
If the latter were the case, there was no doubt that there
was a malfunction of undetermined nature coincident
with MT-1. In this light several possible failure modes
were proposed and tested on the proof test model space-
craft, but all test results were negative. At the end of
the mission the deck skip remained unexplained.

The second Canopus sensor cone-angle update (MT-2)
was observed in the telemetry data on April 2 at 14:25:15
GMT, as expected. Although the update appeared nor-
mal and the new cone angle of 91.1 deg was verified in
the data, analysis of the tracking reports from the DSIF
subsequent to the MT-2 event indicated an apparent
decrease in the average ground-received carrier power
of about 1.5 db. The decrease was confirmed by all three
tracking stations over the next two weeks. A review of
the detailed records from DSIF 51 showed no abrupt
change in receiver AGC at or near the time of MT-2.
Instead it appeared that the ground-received carrier
strength decreased gradually from March 31 to April 3
by about 1 db more than would be expected from
nominal antenna gain and range loss considerations.
From April 3 to 9 the ground-received carrier strength
decreased more slowly than predicted so that at the end
of this time, some of the earlier loss had been recovered.
This anomalous behavior is still unexplained, although
there is now considerable doubt that it was in any way
connected with the MT-2 event. Instead it is felt that
the AGC calibration procedures at the DSIF stations
were responsible.

The third Canopus sensor cone-angle update (MT-3)
was received in the data on May 7 at 14:28:15 GMT. In
view of the anomalous data encoder deck skip at MT-1
and the received signal strength decrease possibly asso-
ciated with MT-2, a thorough analysis of the data was
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performed at MT-3. All data indicated a cone-angle uﬁ—
date to 86.5 deg that was normal in every respect.

The fourth Canopus sensor cone-angle update from
86.5 deg to 82 deg by CC&S command MT-4 occurred
at 15:51:45 GMT on June 14. The event was normal in
every respect.

g. Frequency shift at CY-1. A momentary loss of sig-
nal strength was noted by personnel at DSIF 42 coinci-
dent with the first CC&S cyclic pulse after MT-1 (CY-1
No. 34). The decrease in signal strength was great
enough to cause both receivers at the station to give an
out-of-lock indication, although the duration was so
short that the telemetry demodulator remained in lock.
The subsequent recovery was very rapid and all indica-
tions were that the spacecraft was functioning normally.
Very careful observation was maintained during the
next CC&S cyclic pulse, CY-1 No. 35, which occurred
on March 4 at 03:42:23 GMT while DSIF 11 was track-
ing. There was an apparent 2-db decrease in signal
strength for about 5 sec coincident with the CY-1. One
receiver at DSIF 11 gave an out-of-lock indication mo-
mentarily, the other remained in lock throughout cyclic
period.

The only characteristic of the two cyclics, which ap-
peared significantly different from the previous cyclics
for which no signal dropouts had been noted, was the
fact that both occurred while the station was in one-way
lock with the spacecraft. Most of the previous cyclics
had occurred while the station was tracking in two-way
lock. An investigation of the DSIF records showed mo-
mentary dropouts of the spacecraft signal coincident
with all cyclics that had occurred in one-way lock, and
no dropouts for any cyclics that had occurred during
two-way tracking. This piece of information led to the
investigation of the doppler data taken during the time
of the dropouts, which showed that during the dropouts
the spacecraft transmitted frequency increased by an
average of 27.3 cps. This frequency shift explained the
signal strength decreases at the DSIF stations, because
the ground receiver was unable to track the carrier fre-
quency with infinite speed. Ground tests were then per-
formed on the proof-test model spacecraft, and it was
determined that the frequency shift was a normal char-
acteristic of the Mariner Mars 1964 radio subsystem
during cyclic pulses in one-way lock, although the rela-
tively poor resolution of the instrumentation used in
ground testing precluded its discovery in the course of
normal prelaunch tests. The shift was actually produced
by a slight loading of the auxiliary oscillator supply
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vé)ltage by logic circuitry whose state was controlled by
the CC&S CY-1.

The logic circuitry in question was that which con-
trolled the switching of the receiver between the two
antennas if two-way RF lock was not obtained, at least
periodically. If a CC&S CY-1 pulse were issued when
the spacecraft was not in lock with a DSIF transmitted
signal, then a logic gate was set which would allow the
antenna transfer to take place when the next CY-1 pulse
was issued. Lockup before the next CY-1 pulse would
reset the logic gate again. It was the setting of the logic
gate that loaded the auxiliary oscillator power supply,
thus changing slightly the transmitted frequency. Reset-
ting the logic had no effect upon the spacecraft trans-
mitted frequency, since the reset occurred only when
the spacecraft was locked to the ground signal so
that the spacecraft transmitted frequency was derived
from the ground frequency.

After the discovery that the frequency shift was a
design characteristic of the spacecraft, it became appar-
ent that the only disadvantage associated with allowing
it to occur was the possible loss of some small portion
of the telemetry as the result of ground receiver losses of
lock. Scheduling the DSIF to track two-way during all
cyclic pulses, however, also had associated with it a dis-
advantage: should it have become necessary to allow the
receiver to transfer to high-gain antenna in order to
command the spacecraft during the command blackout
period, the time of automatic transfer would have been
dependent upon the time of the last two-way period. If
a CY-1 pulse occurred while the DSIF was tracking two-
way, the earliest automatic transfer to high-gain antenna
would be two cyclics later (133% hr). If on the other
hand two way tracking had been terminated just before
the CY-1, then the earliest automatic transfer would be
one cyclic later (66% hr) if there were no subsequent
lockups. As a result of these factors SPAC recommended
that all pulse times be covered two-way during the por-
tions of the flight where command capability existed
via the low-gain antenna from 10-kw transmitters in
order to avoid any data loss, and that the spacecraft be
tracked two-way only just prior to CY-1 times during
any periods where the command capability from 10-kw
transmitters was marginal, to prevent any avoidable
extended loss of command capability.

h. Bestlock frequency. As the flight progressed dur-
ing the cruise phase, the DSIF experienced increased
difficulty in obtaining two-way lock with the spacecraft
during normal operations. Problems were encountered
even when the received carrier power at the spacecraft

was relatively strong. Investigation showed that when
two-way lock was finally achieved, the transmitted fre-
quency used by the station was significantly different
from the predicted frequency. The prelaunch calibra-
tions for the Mariner IV radio subsystem were consulted
and it was suggested by the cognizant personnel that, for
the ambient radio temperatures, the minimum-lockup-
time frequency had shifted by over 2 kc. When this new
frequency was tried the DSIF was unable to lock up at
all, indicating a probable shift in the characteristics of
the transponder. Since almost immediate lockup is man-
datory in the event of any spacecraft emergency, an
intensive investigation was initiated to find some way
of providing an inflight calibration of the radio subsys-
tem frequency characteristics. Several operational proce-
dures were suggested for DSIF use that would provide
the maximum amount of useful information for this
recalibration in the course of normal DSIF operation.
The procedures were approved and put into use on a
regularly scheduled basis. The information resulting
allowed radio subsystem cognizant personnel to recali-
brate the transponder and to provide a continuing
monitor on any further shifts. With the revised minimum-
lockup-time frequency that this effort provided,
DSIF lockup times were reduced to several seconds on
the average.

i. Battery voltage. A possibly serious anomaly, first
noticed just after the science cover deployment exercise
and continuing throughout the mission, was the increas-
ing battery voltage. Before the cover-deployment se-
quence, the battery charger was on and trickle-charged
the battery at less than 10 ma. Battery voltage had risen
to 344 v, indicating a full charge on the battery. At
the end of the science cover deployment sequence, the
spacecraft was reconfigured to a battery-charger-off,
boost-mode-enabled state. For a brief time, the battery
voltage dropped and then began a gradual rise that
brought the voltage to 35.0 v. Initially it had been felt
that a voltage of 35.0 v would indicate a possible battery
failure. As a result of the Mariner IV battery behavior, a
review was made of the principal parameters affecting
battery voltage and it was discovered that the original
estimate was somewhat low.

Two hypotheses concerning the state of the Mariner IV
battery were put forward:

1. The battery voltage increase was a normal conse-
quence of the 0-g gravitational field, temperature
effects, and the small charge-current produced by
the battery voltage transducer. In this case, no bat-
tery failure would be expected because the pressure
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required to crack the cell case is approximately 20
times that generated in a heavily charged battery
(about 5 psi).

2. The battery case was already cracked and the elec-
trolyte (45% KOH) was slowly leaking out of one
cell. The resulting decrease in conductivity of
that cell would be interpreted by the battery volt-
age transducer as a higher battery voltage. If this
were the case, battery failure would have to be
expected if any power demands were made upon it.

The personnel responsible for the battery operation
indicated that there was no positive support for the latter
hypothesis, and that it should not be assumed to be the
case unless the battery voltage reached 38.0 v. It re-
mained, however, a possibility and as a result, SPAC
recommended that no action be taken that could increase
spacecraft power loads to the point that any battery
drain would be required, unless it was judged necessary
to the success of the mission.

Although the battery voltage continued to rise through-
out the flight, the rate of increase leveled off as aphelion
was approached. At the end of the mission on October 1,
1965 the battery voltage appeared constant at 37.2 v.

j. Solar pressure vane performance. The first activity
of the solar pressure vanes was observed on December 2
and 3, 1964 when the +X and —X vanes (located on
solar panels 4Al and 4A5) moved in the proper direc-
tion to reduce the external torques about the spacecraft
yaw axis. Performance analysis showed that the X-axis
vanes had considerable effect in compensating for torque
imbalances during the mission; however, their effective-
ness was hampered by the fact that the variation of torque
imbalance as a function of time was much higher than
anticipated, although it was within design tolerances.

During portions of the mission the X-axis vanes were
able to reduce the torque imbalances in the yaw axis to
values on the order of 1-4 dyne-cm. During the remain-
der of the mission, the torque imbalances were some-
what larger due to the slow response time of the vanes
in adapting to any step change in imbalance, but on the
whole the X-axis vanes verified the feasibility of using
solar pressure vanes in an adaptive mode to maintain

the mean attitude at the center of the spacecraft system
dead band.

The +Y and —Y solar pressure vanes (located on solar
panels 4A3 and 4A7) did not move at all during the mis-
sion, except for some mechanical slippage apparently
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coincident with postinjection propulsion motor burn. It
was probable that they failed as a result of electrical
lockup. A characteristic of the solar pressure vane step-
ping motor was that if an attitude-control gas valve were
fired within 30 msec of stepping motor activation, the
solar pressure vane actuators would be permanently
locked up. Data indicated that, within the time resolu-
tion of the telemetry, a gas valve had fired coincident
with solar pressure vane electronics turn-on at CC&S
command L-3. The possibility of lockup was expected,
since the mode of spacecraft roll control changes at
L-3 when the solar pressure vanes are turned on.

The failure of the Y-axis solar pressure vanes to oper-
ate in the adaptive mode was considered a design fail-
ure. The possibility of solar pressure vane lockup was
recognized during the system test program before
launch. Some modifications of the hardware were made,
but there was insufficient time to make all the required
design changes and to perform flight-acceptance testing
to completely correct the situation before launch.

Throughout the mission, there was no evidence that
the vanes were able to produce any effect in the damp-
ing mode by means of position changes in response to
thermal input changes to the bimetal mounting arms.
Torque variations were of such magnitude compared
with damping mode restoring torques, that if such an
effect did exist, it was masked completely.

k. PIPS bladder incompatibility. On February 3, 1965,
an increase of about 4 psi in PIPS fuel tank pressure
was observed in the data. This measurement had pre-
viously shown no change after the midcourse maneuver.
Tests conducted by propulsion subsystem cognizant
personnel indicated that the increase was probably
caused by an incompatibility between the fuel tank
bladder material and the hydrazine fuel, a problem
that had been noted on most previous propulsion sub-
systems. Although estimates were made which indicated,
based upon telemetry, that the worst-case pressure rise
by the time of Mars encounter might be 40 psi (still
well within tolerance) no further increase was observed
during the balance of the mission.

1. Science cover deployment exercise. During the pe-
riod from launch until planetary encounter the only
noncruise activity of the spacecraft was the ground-
command-initiated science cover deployment exercise,
Fig. 3, performed on February 11. The objective of this
exercise was threefold: 1) to deploy the science cover,
2) to pre-position the scan platform to the optimum
encounter position, and 3) to turn off the battery
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charger and enable the boost mode. The exercise was
carried out over the DSIF 11 tracking station. A total
of 12 ground commands were transmitted to the space-
craft. All were received and executed normally. All
objectives of the exercise were fully achieved, and the
spacecraft was returned to the cruise state without
difficulty.

Throughout the entire exercise, only one anomaly
was observed. After an apparently normal command
lockup, a loss of command lock occurred. About 6 min
later, command lock was regained; there was no ex-
planation for the loss. The balance of the sequence
went smoothly; telemetry confirmed that the science
cover was deployed, the scan platform was pre-positioned
to within 0.7 deg of the optimum position, and all
systems functioned without any apparent degradation
throughout the entire sequence. Only about 44 min
of cruise science data were lost during the periods that
cruise science was turned off.

A nomreal time analysis of the cover deployment
operation on February 11 revealed a severe roll transient
had occurred that was completely unnoticed during the
actual operation because of noise in the data. As one
of the objectives of the early deployment of the science
cover was to preclude the possibility of particles dis-
lodged by a science cover deployment at encounter from
causing a loss of Canopus acquisition, the exercise must
be considered highly successful.

5. Planetary Encounter

The basic design of the Mariner Mars 1964 spacecraft
provided for a completely automatic planetary encounter
sequence without any ground action required. Because
the ground command option was available, however,
there existed a number of possible backups to the onboard
functions, and in addition, there existed a number of
alternate modes which might have been superior in any
given situation to the normal mode of operation. In order
to provide the best possible sequence of events for the
encounter, the Encounter Planning Working Group
(EPWG) was formed in January 1965 to operate in
parallel with SPAC for the purpose of investigating all
spacecraft encounter-related operations and modes, and
recommending to the Mariner Project Manager a de-
tailed encounter sequence of events. The EPWG was
composed of appropriate SPAC, division, and sub-
system representatives, and was chaired by the Mariner
Spacecraft Project Engineer. Also formed was the
Occultation Working Group for the purpose of recom-
mending the configuration of the Space Flight Opera-
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tions Facility (SFOF), the DSIF stations, and the
spacecraft during occultation of the spacecraft by Mars
to provide the most meaningful occultation data.

It was at the recommendation of the EPWG that the
science cover deployment exercise was performed on
February 11, 1965 to configure the spacecraft for
encounter. At that time, the science cover was deployed
and the scan platform was positioned to an angle that
would permit useful television data in the event that a
scan platform failure was experienced before the actual
encounter.

The fourfold objective, to which the EPWG worked,
was to:

1. Develop an encounter sequence that provided the
maximum assurance of obtaining useful television
and occultation data.

2. Determine the operational mode providing the
greatest assurance of maintaining attitude stabiliza-
tion throughout encounter, thereby assuring real-
time planetary field and particles data and
occultation data.

3. Provide for full utilization of backup methods for
all critical functions.

4. Select appropriate alternate modes for any func-
tions both functionally-critical and time-critical.

A recommended encounter sequence of events, Fig. 4,
was formulated by the SPAC Director based upon the
findings of the EPWG and was approved by the
Mariner Project Manager.

While minor departures from the nominal sequence
were made, none affected the logic of the sequence or
its operation on the encounter day.

The major problem in encounter operations was the
transmission delay between Earth and the spacecraft.
Approximately 13 min were required from data trans-
mission at the spacecraft until data presentation in
SPAC; over 121% min were required from command
initiation at a DSIF station until command execution
at the spacecraft. Thus, immediate response to anoma-
lous indications in the data could only reduce the
effective reaction time in an emergency to something
over 25 min. Conversely, normal command action as a
part of the sequence of events could be taken only if it
was assumed that nothing abnormal had occurred in the
13 min prior to command initiation, and that nothing
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abnormal would occur during the 124 min before com-
mand execution. Since most of the commands to be
transmitted during the planetary encounter were time-
critical or functionally-critical, it was most important to
prevent accidental losses of command lock and, in the
event that any occurred, to provide for minimum-time
reacquisition of the command loop. Only the DSIF
station personnel could act on the former, but the latter
was achieved by maintaining the command subcarrier
at the slightly offset, minimum-lockup-time frequency
normally used for initial lockup, but not for command
transmission. This offset was not large enough to sig-
nificantly increase the probability of dropping lock at
encounter signal levels, yet it offered a reasonably small
time between pseudonoise code coincidences for a com-
mand loop out-of-lock. While this minimum lockup time
provision was never required during the subsequent
planetary encounter sequence, the flawless operation of
the command detector and decoder in accepting and
executing all commands verified the practicability of
this approach for critical operations in the blind or with
very long delays.

a. Planetary acquisition and record sequence. The
encounter sequence was initiated with the transmission
of DC-25 from DSIF 51 on July 14 at 14:27:55 GMT.
This time was selected on the basis of the latest flyby
trajectory information to initiate scan search at such a
time that, given nominal performance, the scan platform
would be pointing at the planet at the nominal narrow-
angle acquisition time if the scan platform failed to
inhibit either via ground command or internal logic. The
command was verified in the data at 14:52:32.3 GMT.
A low-rate deck skip was observed coincident with
the command execution. Deck 400 was reset after read-
ing out channel 409, but prior to being stepped to
the next position, so that the next reading of that deck
was position 401. While data encoder deck skips are
not totally unexpected with a DC-25, they are not usual
if the battery charger is off, so that its state is not
changed by the command. Spacecraft response to the
command was normal; NRT power was turned on, video
storage subsystem 2.4-kc power was turned on, the scan
platform went into a normal search, and power levels
and temperatures increased as predicted.

The CC&S MT-7 event was observed in the telemetry
data at 15:53:48.6 GMT, but inasmuch as it had been

preempted by DC-25, it had no effect upon spacecraft
performance.

Prior to the planetary encounter a determination was
made by the television experiment personnel that a
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scan position of 180 deg would yield the best television
data. This then was selected as the nominal position
at which to inhibit the scan platform. An inhibit com-
mand (DC-24) time was predicted by the Space Science
Analysis and Command Group (SSAC) scan analyst
based upon scan platform performance data during
scan search. The DC-24 was initiated at DSIF 51 at
17:10:18 GMT for a predicted scan platform position of
179.9 deg. Command execution was verified in the data
at 17:34:55 GMT with the scan platform positioned to
178.45 deg, well within the tolerances. Based upon this
position, wide-angle acquisition (0.7 probability) was
predicted for 2355 GMT, with less than 0.01 probability
of it occurring prior to 2324 GMT.

A normal two-way RF transfer was made from
DSIF 51 to DSIF 11 at 2010 GMT. The ground trans-
mitter frequency was set to a value which would permit
transmission to the spacecraft through entrance of the
occultation region without a frequency adjustment, and
command modulation was reapplied at the nominal off-
set frequency at 21:00:30 GMT. Command-loop lockup
was observed in the data at 21:54:19 GMT, indicating
a lockup time just under 30 min, a normal time for the
low uplink carrier power level at the spacecraft.

Beginning just prior to 2000 GMT and continuing
through the encounter, anomalous indications were
noted in the magnetometer X-axis data which appeared
to be cyclic with a period of approximately 16 min.
Although unexplained to date, the period corresponded
to coincidences between the real time (RT) and NRT
portions of the DAS, which count at different rates. The
anomaly had no effect upon the quality of planetary
data gathered.

Had the scan platform been allowed to search for and
track the planet automatically, acquisition of the planet
by the scan sensor would have initiated a switch to
Mode 3 data (all science data) several hours before the
recording sequence. With the scan platform pre-
positioned, however, the expected time of wide-angle
acquisition (WAA) was so near the beginning of the tele-
vision record sequence that insufficient time was avail-
able for television performance analysis prior to the latest
time to transmit commands. As a result, a commanded
switch to all science data (DC-3) was included in the
encounter sequence. The DC-3 was transmitted from
DSIF 11 at 22:10:29 GMT, was received by the space-
craft at 22:23:07 GMT, and was observed in the data
at 22:35:08 GMT. Subsequent analysis by the television
and NRT DAS cognizant personnel indicated that tele-
vision sequencing was normal.
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"WAA occurred at the spacecraft at 23:42:00 GMT on
July 14. No effect was noted, other than the indication in
the science telemetry data, because the scan platform had
been inhibited by DC-24 and the switch to Mode 3 data
had been accomplished by DC-3. The backup command
(DC-16) for the initiation of the recording sequence was
transmitted on July 15, 1965, at 00:11:57 GMT. It was
anticipated that this command would arrive at the space-
craft after two pictures had been recorded by the video
storage subsystem if normal narrow-angle acquisition by
the onboard sensors had initiated the sequence.

On the basis of the latest trajectory information and
the DC-16 transmission time, SSAC recommended that
the latest time for transmission of the DC-26 command
to back up the termination of the recording sequence
should be 00:36:20 GMT. The actual time for DC-26
transmission was to be determined from the narrow-
angle acquisition (NAA) indication in the data, if NAA
acquisition was observed earlier than 00:34:40 GMT.
In order to provide the necessary real time data analysis,
a ground telemetry analyst (GTA) was stationed at
DSIF 11 to report the data by voice line to SSAC. The
Goldstone GTA reported NAA in the data at 00:29:59
GMT and confirmed it on the next data frame. The
DC-26 was initiated, upon SSAC’s request for immedi-
ate transmission, at 00:31:42 GMT. A DC-2 command to
turn cruise science back on followed at 00:32:40 GMT,
and it was followed by more DC-2 transmissions begin-
ning at 00:37:00 GMT and continuing every 5 min until
a total of six DC-2 commands had been transmitted to
the spacecraft.

Although the recording sequence appeared to start
normally, anomalous indications of status were observed
in the science data which could not be interpreted until
after the video data playback was completed on July 24.
The first anomaly was observed at 00:34:57 GMT and
appeared to be an end-of-tape (EOT) event, although
none was expected until approximately 00:42:30 GMT.
One of the postulated failure modes for the record se-
quence involved the failure of the DAS to send, or the
video storage subsystem to receive, tape stop commands,
with the result that the video storage subsystem would
have recorded continuously. Given this failure mode,
the first EOT event would have been expected at
about 00:35:30 GMT. If it were assumed that the tape
was improperly positioned past the EOT foil, then
the observed event would correlate with expected
telemetry indications for this failure mode. If so, a
second event would have been expected at approx-
imately 00:40:08 GMT. A second end-of-tape event was

observed in the data at 00:40:50 GMT. Since the un-
certainty in time of occurrence of an event based upon
the time of first observation in the data is +0.0 and
—50.4 sec, this time also correlated with the postulated
failure mode. With the possibility that the failure mode
existed clearly established, it was expected either that
no further EOT events would occur, or that they would
occur each 309 sec. This was not the case, because a third
EOT event was observed in the data at 00:43:20 GMT,
the proper time for track change in a nominal sequence.
In the next data frame the false shutter event (distin-
guishable from EOT events only by its timing) was
observed. This also would be expected in a nominal se-
quence. No further events were observed in the science
data.

The contradictory indications in the data made it im-
possible to determine what had taken place until it was
determined during video playback what data, if any,
were stored upon the tape. It was expected, however,
that if the sequence were in fact normal, the second
true. EOT would occur during the recorder runup
prior to Picture 22 and would immediately switch the
data encoder to Mode 2 data. The mode switch would
be observed in the data at about 00:55:24 GMT. The
actual switch to Mode 2 data was not observed until
00:55:46.6 GMT, coincident with the end of Picture 22,
indicating that the data mode switch was initiated by
the DAS rather than the video storage subsystem. This
tended to lend support to the hypothesis that the video
storage subsystem was not running during the latter
portion of the recording sequence. The engineering data
upon return to Mode 2, however, indicated the correct
number of event-register changes for a nominal record-
ing sequence.

After the planetary encounter, investigation showed
that the Mariner IV spacecraft had demonstrated a
tendency toward spurious EOT events in the Mode 3
science data although the previous occurrences had been
associated with some ground action such as boost mode
inhibit off or narrow-angle Mars gate stimulus on/off.
Thus, the two anomalous EOT events could have been
triggered by noise in the system, or were the result of
some normal transient in the television sequencing.

That the recording sequence was, in fact, normal
throughout was verified during the playback of the
stored data. All of the postulated potential failures
would have resulted in less than 21 pictures, while only
the normal sequence would have yielded the 21 pic-
tures plus 21 lines of Picture 22 which were found to be
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present on the tape. Some additional light was thrown
on the events at encounter when laboratory testing
showed that the switch to Mode 2 data at the end of
Picture 22 was normal. The mode switch could have
occurred immediately upon an EOT signal during
Pictures 19 through 21, but was inhibited after the start
of Picture 22. If the end-of-tape occurred during Picture
292 (as it did at encounter) the video storage subsystem
would stop recording and reject any further start com-
mands, but the DAS would not issue the mode switch
command to the data encoder until the Picture 22 stop
command was issued to the video storage subsystem.

This fact had not been uncovered before launch
because none of the Mariner tape machines had a tape
of the precise length required to place the second
end-of-tape in the period of actual data transfer for
Picture 22. During prelaunch testing, the Mariner IV
second end-of-tape occurred during the runup for
Picture 22, but before the start of video data, The
Mariner III end-of-tape events occurred -during the
rundown from Picture 21, and MC-1 (the PTM) had an
extra-long tape, so that the DAS always initiated the
mode switch after 22 pictures.

The DC-26 command (all science off) was observed
in the telemetry data on July 15 at 00:56:23.0 GMT
and SPAC confirmed all-zeros science data. The first
DC-2 command (cruise science on) followed at
00:57:20 GMT. After confirming that cruise was on
and appeared normal, the DSIF was requested to cease
transmission of DC-2 commands. Event register changes
confirming the reception of the remaining five DC-2
commands by the spacecraft were subsequently received
at the expected times. Further analysis of the telemetry
indicated that all engineering and science subsystems
were performing the same as before encounter, and that
the spacecraft had returned to a normal cruise state.
The remaining encounter event, MT-8, occurred several
hours later, appearing in the data at 05:14:39 GMT. This
event, a CC&S command to turn off encounter science,
had been preempted by ground command and did not
affect the state of the spacecraft.

b. Occultation. The spacecraft RF signal was lost at
the DSIF on July 15 at 02:31:12 GMT as Mariner IV
entered the Earth-occultation region of Mars. Four
stations were tracking: DSIF 11 and DSIF 42 as prime
stations and DSIF 12 (Echo site, Goldstone, California)
and DSIF 41 as backup. All stations were able to obtain
useable -data. The occultation occurred about 8 min
later than the time estimated prior to closest approach.
While this is presently unexplained, an error analysis is
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being performed on the trajectory program and its
inputs by the cognizant Flight Path Analysis and Com-
mand Group (FPAC) personnel to determine the source
of the error in the estimate of closest approach distance
and the subsequent flight path.

After spacecraft entrance into the occultation region,
the 100-kw transmitter at DSIF 13 was turned on in an
attempt to obtain two-way tracking upon spacecraft
exit from the occultation region. The spacecraft RF
signal was reacquired by DSIF 42 at 03:25:06 GMT and
by DSIF 41 shortly thereafter. Useful data were ob-
tained by both sites and by the wideband, open-loop
receivers at DSIF 11 and DSIF 12. Analysis of the te-
lemetry by SPAC subsequent to the exit indicated that
no apparent changes in the state of the spacecraft had
taken place during the occultation and that performance
was normal.

6. Playback

Video data playback was initiated by the CC&S MT-9
event on July 15 at 11:41:49.8 GMT. The event was
observed on Earth at 11:53:53.3 GMT, and the expected
switch to Mode 4/1 data was confirmed. An anomaly
was noted at MT-9 when two Register 2 events were
received rather than the expected one. CC&S CY-1
No. 83 was coincident with MT-9. Since the relays in-
volved are driven from two separate points in the
sequencing chain, it was believed that the two events
were sufficiently separated in time that each caused the
event register to increment, where normally the register
input would not have recovered sufficiently from the
first input to accept the second.

After approximately 68 min of engineering data, the
first Mode 4 (picture) data were observed in telemetry
at 13:01:58 GMT. From this point the playback pro-
ceeded in an entirely normal manner through the
termination of the record playback on August 3. During
this period, the data from each of the pictures were
transmitted to Earth twice, with the exception of the
last few lines of Picture 22. The data recovery rate was
quite high, and the performance of the spacecraft was
normal throughout.

In view of the uncertainty associated with the re-
cording sequence as to the EOT events, it was
decided that command alerts should be called for each
of the suspect periods during playback. After the end
of Picture 4, DSIF 42 locked up with the spacecraft
command detector and maintained lock until after
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Picture 5 had been identified in the data and it was
verified that video data had been recorded on the day
of encounter. Similarly, DSIF 11 locked up with the
command detector after the end of Picture 8, and
maintained lock until Picture 9 could be verified.
DSIF 51 locked up with the command detector and
maintained lock until after the time required to reach
the point on the tape where the tape rundown after
Picture 9 had stopped. Thus, during all of the periods
which could have coincided with the spurious events
received on July 15 a minimum-reaction-time command
capability was provided to ensure that corrective action
could be taken, if necessary, to obtain the most useful
data from the playback. During all three command
alerts, all spacecraft data indicated that performance,
both in playback and at encounter, was normal.

An additional alert was called at the time of the
expected video storage subsystem track change, although
the command detector was not locked up. The alert was
called because it was possible, due to the low speed with
which the EOT foil passed the EOT sensor during
playback, to obtain multiple track changes. The track
change occurred without incident, but an interesting
sidelight took place which provided the answer to
the question of how many pictures had been recorded
on the tape. Because of the physical geometry of the
EOT sensor and the playback and record heads in
the video storage subsystem, the playback head will
play, upon track change, a number of seconds of data
recorded prior to the EOT. It was expected that this
portion of the tape would be for the start-up for
Picture 22 based upon prelaunch testing, and thus in
the absence of video data, engineering data would be
transmitted to Earth. Instead, the data received were
video data, and upon decoding it, it was determined
that it was Mars data from the 21st and 22nd lines of
Picture 22, thus verifying that 21 complete pictures and
a portion of the 22nd had been successfully recorded.

The first complete transmission of the stored data
ended on July 24 at 19:26:33 GMT and a second trans-
mission began automatically. This second playback was
nhecessary to ensure that any data missing from the first
transmission of the pictures might be recovered and to
provide duplication of the remainder of the data for
comparison purposes. Spot checks of the data from both
transmissions confirmed that the data were repeatable,
$o it was planned to return the spacecraft to the cruise
mode at the end of the second playback.

One anomaly occurred during the second playback of
the video data. At the first EOT signal, two events

were recorded in data encoder Register 3. The track
change was normal, however, and the extra EOT event
was attributed to dirt or foreign material on the foil.
Based upon prelaunch test data, this extra event was
not unexpected.

Shortly before the playback phase of the mission was
terminated, SSAC and the television experimenters
recommended to the Mariner Project Office that a
second recording sequence be considered. Such a se-
quence could provide information on the behavior of
the television electronics for uniformly black pictures
at each of the various gain settings. With this possibility
in mind, the video storage subsystem representative and
SPAC recommended that playback be terminated in
such a manner that some portion of the Mars data
would not be erased in the event that another recording
sequence were performed. By stopping the tape at some
position other than the EOT foil, from 1 to 10%% pictures
could be protected, since in a recording sequence the
tape would run only until the EOT foil had been crossed
twice.

This recommendation was accepted, and the playback
was terminated in Line 18 of Picture 22, thus protecting
all of the complete pictures on the second track. The
playback could have been terminated and cruise mode
restored by transmission of a DC-2, which would in-
hibit the playback motor, switch to Mode 2 data, and
turn on cruise science, but it would have allowed the
2.4-kc power to the video storage subsystem to remain on.
Since this was an unfused power supply, a line-to-line
short would have resulted in a catastrophic failure of
the spacecraft power subsystem. For this reason, it was
decided to include a DC-28 command to turn off the
2.4-ke power to the video storage subsystem. This com-
mand also disabled the boost-mode and turned on the
battery charger, so it had to be followed by a DC-26
command to turn off the battery charger again and
reenable the boost mode. Finally, a DC-2 could be
used to switch to Mode 2 data and turn on the cruise
science.

The DC-28 was transmitted on August 3 at
03:08:33 GMT, the DC-26 at 03:14:33 GMT, and the
DC-2 at 03:20:33 GMT. Telemetry verified that video
storage 2.4-kc power turned off, battery charger turned
on, and Mode 1 data (indicating video data not present)
received at 03:22:37 GMT. The DC-26 command event
and battery charger off were observed in the data at
03:28:37 GMT, and coincident with it, the expected
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data encoder medium-rate reset which generally ac-
companies large power transients. DC-2 was verified in
the data at 03:48:02 GMT as the data encoder switched
to Mode 2 data and cruise science came on. All cruise
science instruments were verified to be operating as
before encounter, and all engineering subsystem per-
formance was verified as normal.

7. Postencounter Cruise

The spacecraft continued to perform well throughout
the final 8 wk of Phase I of the Mariner IV mission to
Mars. One spacecraft anomaly was noted when the
cosmic-dust detector instrument sporadically began to
return apparently abnormal data. Problems occurred
which caused the postponement of command sequences
twice, but investigation verified that in each case the
problems were groundbased at the DSIF rather than
associated with the spacecraft itself.

Prior to the planetary encounter, proposals had been
made to the Project Manager as to the operational
procedures to be implemented after the completion of
the video data playback. Each of the interested groups
was encouraged to propose tests or operations which
would lead to the optimum recovery of science and
engineering data. After reviewing the proposals the
Project Manager laid down four basic guidelines to
govern postencounter operations and testing:

1. No test or operation should be undertaken that
would interfere significantly with the gathering of
cruise science data unless it was necessary to
mission success.

2. All tests and operations should be nondestructive
and carry minimum risk to the continuous opera-
tion of the spacecraft.

3. Postencounter activities should enhance the possi-
bilities of reacquiring an active spacecraft at next
closest approach to Earth in 1967.

4. Subsystem performance verification tests would
not be considered to be of extremely high scien-
tific or engineering value.

These guidelines led to the approval of a series of
tests and operations to be conducted during the re-
mainder of the portion of the postencounter cruise in
which it would be possible to maintain continuous
telemetry coverage. The majority of the tests were
passive in nature, involving DSIF tracking techniques
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and equipment. Active tests included inflight calibra-
tions of the Mariner IV radio and command subsystems
and a dark encounter sequence to provide television
calibration data. The radio and command subsystem
tests were considered necessary to any attempt to re-
acquire the spacecraft in 1967, and the television cali-
bration was requested by the television experimenters
as necessary to provide an insight into the possible
fogging of the Mars pictures resulting from some un-
known phenomenon in the television electronics. Three
flight operations were also approved: 1) updating of the
Canopus sensor cone-angle, which was necessary to
maintain telemetry and therefore cruise science data as
long as possible; 2) the insertion of the maneuver-
inhibit and minimum turn and burn duration commands
as protection against a failure-induced, inadvertent
trajectory-correction maneuver before the 1967 reacqui-
sition period; and 3) the transfer of the spacecraft trans-
mitter to the low-gain antenna, which is the reacquisition
configuration for 1967.

a. Television haze calibration sequence. The initial
attempt to perform the television haze calibration se-
quence, Fig. 5, on August 21 was cancelled after DSIF
problems occurred which posed a threat to the ability
to react via ground command to any nonstandard oc-
currence onboard the spacecraft. A second attempt was
successful on August 30.

The first attempt was scheduled on August 21 be-
cause the star Altair, with an apparent +0.8 magnitude,
would be at the proper cone angle to be photographed.
While such a small light source would not be resolved
by the Mariner television subsystem, the effects of the
light source should be apparent in the pictures, thus
providing calibration data for the television optics as
well as the electronics. The planned command sequence
followed closely the planetary encounter sequence of
events, without, of course, the onboard events.

The sequence was to be performed from DSIF 13
using the 100-kw transmitter. The spacecraft radio sub-
system was locked up normally, and then command
modulation was applied. Shortly afterward, one of the
safety interlocks at the station tripped and the trans-
mitter automatically shut off. After an investigation by
station personnel indicated that the transmitter had been
operating normally, the transmitter was turned on again
and command modulation was reapplied. Again an inter-
lock tripped, shutting off the transmitter. A brief analysis-
by the station personnel indicated a probable failure of
the interlock circuitry.
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‘Since such a failure would not permit the mainte-
nance of continuous command capability, it was decided
that the operation could not be conducted from DSIF 13.
The received carrier power at the spacecraft had risen
to the marginal command capability level for 10-kw
transmitters during the preceding few days, so the
SPAC telecommunications representative recommended
having DSIF 12 transmit to the spacecraft. Two-way
RF lock was established normally with the spacecraft,
then command modulation was applied and the com-
mand detector locked up. All telemetry indications were
normal, so the first command in the sequence, encounter
science on (DC-25), was transmitted at 22:22:00 GMT.
Shortly after transmission, the telemetry indicated that
the carrier power at the spacecraft was fluctuating
severely. Several samples of the command-detector
monitor telemetry channel indicated momentary drops
of lock by the command detector as the carrier level at
the spacecraft dropped below threshold. Since these
momentary out-of-lock indications appeared to signal
either a DSIF failure or a spacecraft failure, a decision
was made to terminate the attempted haze calibrate
sequence. If the DC-25 was not received by the space-
craft, no further action would be required. If, on the
other hand, the DC-25 command to turn on encounter
science was executed, an emergency command sequence

would be employed to return the spacecraft to a cruise
condition,

At 22:52:04 GMT the data indicated the receipt and
execution of the DC-25 command. After verification that
the spacecraft was responding normally to the com-
mand, the emergency sequence, Table 6, was initiated.

The redundant commands in the sequence listed in
Table 6 were designed to avoid the possibility that
one of the momentary command dropouts would fall
just before or during the receipt of any of the com-
mands, thus inhibiting execution of the command.
During the actual emergency return-to-cruise-state se-
quence, however, none of the redundancy was actually
required, each command being executed normally on
the first transmission. A total of seven DC-2 commands
were transmitted before verification of the first one in
the data was possible. An intensive investigation of the
telemetry data showed that the spacecraft was in a
normal cruise condition with no anomalies apparent in
the data. Although the following day was also acceptable
for obtaining television data using the star Altair as a
light source, no exercise could be scheduled for August 22
without the complete assurance that: 1) there had
been no failure or problem in the spacecraft radio or

Table 6. Emergency command sequence for return to
cruise configuration

Time Command Remarks

DC-28 Turn off video storage 2.4-kc power and turn

on battery charger.

T + 2 min DC-28 Redundant command.

T + 8 min DC-26 Turn off battery charger and all science.

T = 0 is chosen so that this command will
arrive at the spacecraft when the scan plat-
form is at the desired clock angle. The 8 min
delay between the first DC-28 and DC-26 is
designed to allow verification via telemetry

of the DC-28 execution.

T + 10 min DC-26 Redundant command.

T + 12 min DC-2

Turn on cruise science.

T + 14 min DC-2 Redundant command.

T + 19 min DC-2 Additional redundant commands. DC-2

and each commands are sent each 5 min until telem-
5 min etry has verified a normal return-to-cruise
thereafter state.

command equipment, and 2) all problems at DSIF 12
and DSIF 13 had been discovered and corrected. Since
no such assurance could be given in the less than 24 hr
available, the Project Manager decided to forego photo-
graphing Altair and that rescheduling of the haze-
calibration sequence would be delayed until a full
analysis could be made of spacecraft and DSIF
performance.

Early in the week following the unsuccessful attempt
to perform the haze-calibration sequence it was verified
that the problems encountered were station problems.
At DSIF 13 the interlock circuitry had failed, and in-
vestigations at DSIF 12 uncovered a degraded frequency
synthesizer. After both sites had been reported oper-
ationally ready the haze calibration sequence was re-
scheduled for August 26 after the maneuver inhibit
command sequence on August 25. The maneuver inhibit
exercise on August 25 was postponed, however, after it
was determined that DSIF 13 had further interlock
problems that would require 24 hr to correct. DSIF 12
was considered for use in sending commands, but no
firm commitment from the DSN office as to its opera-
tional status could be obtained on such a short time
scale. The Project Manager directed that the maneuver
inhibit sequence be rescheduled for August 25 contingent
upon the correction of the DSIF 13 interlock problems,
and that the haze calibration sequence be rescheduled
for August 30 at the earliest.
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The second attempt to perform the television haze
calibration exercise took place on August 30 and was
successful. The exercise differed from the first attempt
only in that no star of sufficient magnitude was avail-
able as a light source. As a result the data gathered in
the sequence applied only to the television electronics,
rather than to both electronics and optics. The sequence
was performed using DSIF 12 and a 10-kw transmitter
because it was felt that the operational status of DSIF 12
more than compensated for the additional transmitter
power available at DSIF 13, a research and development
site not designed specifically for flight operations. This
use of the smaller transmitter was possible only during
the few days that the RF interferometer effect aided,
rather than degraded, communication ability.

The sequence was initiated with a DC-25 command
at 20:30:00 GMT on August 30. The sequence proceeded
without incident as each command was received and
executed in a normal manner. The command to initiate
the television recording sequence (DC-16) arrived at the
spacecraft at 23:51:22 GMT. It had been anticipated
that the apparently erroneous EOT indications in the
science data during the planetary encounter on July 15
might be repeatable, and that some indication of their
source might be obtained during this recording sequence.
No erroneous EOT indications were observed, however.
The DC-16 was observed in the data on August 31 at
00:06:52 GMT and the EOT events were observed in
the data at 00:08:19 GMT and 00:20:15 GMT, as ex-
pected. The nonstandard time to first EOT was due to
the tape position at the start of the haze-calibrate se-
quence; the playback of the encounter data had been
terminated just prior to the foil on the tape which
signals the EOT. This allowed a calibrate sequence that
would record-over only half of the planetary data, the
video storage subsystem automatically inhibiting after
the foil had been passed twice. Under these conditions
the transfer back to Mode 2 data was initiated by the
DAS at the end of 11 NRT frames (22 television pictures).

The balance of the sequence proceeded as planned,
with playback data appearing in the telemetry at
01:56:16 GMT (Mode 1 data) and the first picture
beginning at 02:00:46 GMT. The stored data were played
back until the first five pictures, which included all of
the television gain settings, had been completed (Sep-
tember 2 at 04:39:23 GMT). One hour later the DSIF 41
10-kw transmitter locked up with the spacecraft com-
mand detector and the sequence to return the spacecraft
to cruise configuration was begun. The first command
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(DC-28) was transmitted at 06:17:00 GMT, and the first
Mode 2 data, indicating the completion of the haze
calibration sequence, were observed on Earth at
07:00:32 GMT. Analysis of the engineering and science
telemetry indicated that all subsystems were performing
as they had prior to the initiation of the sequence.

b. Maneuver inhibit commands. On August 26, four
ground commands were transmitted to the spacecraft in
order to protect against failures which might cause an
inadvertent trajectory-correction maneuver to start. Dis-
cussions as to the desirability of inserting a DC-13
(maneuver inhibit) into the spacecraft had been held
prior to the planetary encounter, but the recommenda-
tion of the EPWG and of SPAC had been against the
maneuver inhibit because:

1. The risk was relatively small that such a failure
would occur prior to encounter.

2. Multiple failures would be required to actually
cause a motor start.

3. Without the motor burning, a trajectory-correction
sequence would not be catastrophic.

4. With nearly continuous command capability and
continuous telemetry monitoring, an inadvertent
maneuver could be aborted via ground command.

After the planetary encounter, however, the fact that a
major portion of the mission objectives had been com-
pleted and the addition of a new objective, the enhance-
ment of the probability of a 1967 reacquisition, dictated
that a review of the maneuver inhibit proposal be made.

The SPAC representatives recommended without
question that the maneuver inhibit command be trans-
mitted and a DC-13 transmission was scheduled for
August 12 during the regular DSIF 13 tracking period.
Additional analysis was performed to determine the
desirability of also inserting minimum turn and burn
duration QC, with the result that just prior to the sched-
uled DC-13 transmission an informal recommendation
to transmit all four commands was presented to the
Project Manager. In view of the proposed change,
the Project Manager postponed any command action
until a more formal review and recommendation could
be made.

A recommendation to transmit both DC-13 and min-
imum value QC was presented to the Project Manager
and approved by him on August 23, 1965. The maneuver-
inhibit command exercise, including all four commands,



was scheduled for August 25. Shortly before the trans-
mission of the first command, problems were encoun-
tered in the operation of the DSIF 13 transmitter which
forced the postponement of the exercise for 24 hr. The
following day the DSN office reported that the 10-kw
transmitter at DSIF 12 had been returned to a state of
operational readiness. The SPAC telecommunications
representative recommended to the SPAC Director that
since DSIF 12 was prepared to transmit commands, it
should be used rather than DSIF 13, which was subject
to interlock problems because of its safety problems and
its developmental, rather than operational, nature. This
recommendation was accepted, and on August 26 at
21:06:52 GMT, DC-13, the first command of the se-
quence, was transmitted to the spacecraft. The three QCs
followed approximately on 8-min centers. Telemetry from
the spacecraft indicated that all commands were success-
fully received.

c. Canopus sensor cone-angle update. On August 27,
1965, a ground command was transmitted to the space-
craft to update the Canopus sensor cone angle to the
first optional position. All previous cone-angle updates
had been commanded automatically by the onboard
CC&S, but no master-timer event was provided in the
Mariner design for more than the four updates required
through the playback phase of the mission. Thus any
updates beyond the MT-4 event had to be commanded
from the ground. Analysis indicated that while the
nominal day for loss of Canopus due to exceeding
the limits of the field of view of the sensor was Sep-
tember 7, adverse tolerances could combine to cause
loss of acquisition as early as August 27.

The update command, DC-17, was transmitted from
DSIF 12 at 19:40:00 GMT and was verified in the
telemetry at 20:11:01 GMT. The telemetry data verified
the new cone angle setting of 77.8 deg.

d. Communications capability. When playback ended
on August 3, 1965, the spacecraft-received carrier power
with command modulation applied was below
—139 dbm, the worst-case command threshold for the
10-kw transmitters at the prime DSIF stations. The
capability to command the spacecraft from prime sta-
tions was regained, as predicted, on August 21 when

JPL TECHNICAL REPORT NO. 32-882

the received-carrier level rose above —139 dbm. The
received-carrier level again dropped below the worst-
case threshold on September 3 and remained at low
levels for the balance of the period.

For a significant portion of the period after September
7, the received-carrier power without command modula-
tion applied was sufficiently close to absolute RF
threshold that the resulting low signal-to-noise ratio
produced a large frequency jitter which was translated
into the telemetry carrier. Each time the spacecraft was
locked up, two-way ground-received carrier power
dropped below the absolute telemetry threshold, causing
a loss of all data. To prevent this, two-way tracking was
forgone, and the spacecraft was locked-up only periodi-
cally for short durations to prevent the spacecraft from
transfering to the receive-via-the-high-gain-antenna
mode.

The average ground-received carrier power reached
the worst case telemetry threshold of —159.6 dbm, about
September 3. From that point, until October 1, 1965,
the ground-received carrier power dropped steadily
as the spacecraft high-gain antenna pointing error in-
creased. On October 1, as predicted, the carrier level
was fast approaching absolute telemetry threshold. At
21:30:17 GMT, a DC-12 command (transmit and re-
ceive via low-gain antenna) was transmitted from the
100-kw transmitter at DSIF 13. Telemetry was lost
at 22:05:07 GMT, marking the end of the nominal
mission. The transfer to low-gain antenna precluded the
cycling of the receiver between the antennas by
the radio subsystem logic circuitry, thus permitting
access from the 100-kw transmitter as desired. In addi-
tion, the transfer of the transmitter to the low-gain
antenna placed the spacecraft in the proper configura-
tion for the projected attempt to reacquire the spacecraft
in 1967.

During the 308 days of flight through the termination
of telemetry, the Mariner IV radio subsystem returned
well over 50 million measurements to the Earth. A total
of 85 commands were transmitted to the spacecraft and
all were received and executed normally. The last
command, DC-12, was accepted by the spacecraft at a
distance of more than 191 million mi from Earth.
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ll. SUBSYSTEM PERFORMANCE

A. Structure and Mechanisms

1. Description

The spacecraft subsystem is structurally integrated
into a rigidly supported functional spacecraft. The major
requirements on the structure occur during all prelaunch
phases of the operation and during the boost phase and
trajectory-correction maneuvers. The cruise portion of
the flight requires that the structure maintain the me-
chanical alignments and that the spacecraft not fall
apart, The Mariner IV structure was composed of the
octagon structure, superstructure, and science platform
structure.

The spacecraft mechanisms consist of those items that
were required to actively function during the mission:

1. The boost dampers reduced the vibration inputs to
the solar panels and the low-gain antenna during
boost. They also statically positioned these items.

9. The SIT and PAS initiated onboard commands and
applied power to the pyrotechnics subsystem at
spacecraft/booster separation.

3. The solar panel deployment spring deployed the
solar panels to the cruise position. Switches near
the panel hinges gave telemetry indications that
each panel opened.

4. The cruise dampers positioned the panels in the
deployed position and damped solar panel excur-
sions during propulsion maneuvers. Latches on the
dampers engaged the panel to prevent subsequent
separation.

5. The scan actuator rotated the science platform and
instruments to search for and point to the Mars
surface. The total scan amplitude was 180 deg. The
actuator was controlled by the scan subsystem
electronics.

6. The scan inhibit switch inhibited power to the scan
actuator until the pin-puller, which torsionally re-
strained the platform, was fired. It also gave a
telemetry indication that the pin-puller had re-
leased the platform.

7. The science instrument cover protected the planet-
oriented instruments and sensors from sunlight and
cosmic dust. It could be unlatched by either a
solenoid or by a lanyard which was released at the
start of platform scanning motion. The cover was
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deployed by two clock springs. A change in the
spacecraft identification telemetry channel data
number (DN) indicated the cover was deployed.

2. Performance

Because the function of all the structural and many of
the mechanical items was passive after launch, little
telemetry was transmitted about the performance of
these items. As a result, the inflight performance of these
components can only be deduced from other flight infor-
mation. This is also true in the case of the electronic
packaging design and the electronic cable harnessing.

All information gained during the flight indicated
that the structure, electronic cabling, mechanical devices,
and the electronic packaging design performed as de-
signed. Telemetry was recovered in flight on the perfor-
mance of the following mechanical devices:

a. Separation-initiated timer and pyrotechnics arming
switch. Telemetry event indications verified that either
the PAS or the SIT energized the pyrotechnics control
assembly (PCA). The PAS closure arming the PCA was
designed to occur at spacecraft/Agena separation; the
SIT switch closure was a backup designed to occur
about 40 sec after separation. It was not determined
whether the PAS or the SIT energized the PCA, because
telemetry data covering spacecraft separation were not
available.

The first available data encoder event counter indica-
tions were received about 3 min after separation. The
telemetry indicated a normal SIT-actuated solar panel
deployment and unlatch of the planetary scan platform.

b. Solar panel deployment. Telemetry indications
from the solar-panel deploy-switches, through the data
encoder event counters, indicated that each of the four
panels had been released by the pyrotechnic pin-pullers
and had been deployed by the panel deployment springs
to within 20 deg of the fully open position. Temperature
and power measurements later confirmed panel deploy-
ment.

c. Cruise dampers and latches. Based on the success-
ful trajectory-correction maneuver, it was deduced that
the panels did deploy and latch in the fully open posi-
tion and that any panel excursions during the PIPS
motor firing were adequately damped. Had the dampers
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and latches failed to perform as designed, the center-of-
gravity shifts caused by misaligned or excessively vibrat-
ing panels would have degraded the accuracy of the
maneuver.

d. Scan actuator. The scan actuator was operated
during the science cover deployment exercise for approx-
imately 11 scan cycles. During the scanning period of
127 min in which the actuator functioned normally, the
average scan cycle was 11 min 52.9 sec.

At encounter the actuator again operated within the
design limits. During the 108 min of operation, the aver-
age scan cycle time was 11 min 53.2 sec. An analysis of
the scan reversal points verified that the actuator re-
versed at the first set of limit switches. During the
aborted television haze calibration sequence the actu-
ator operated successfully for 66 min with an average
scan cycle period of 11 min 53.8 sec. During the 139-min
operating period of the completed sequence, the scan
cycle was 11 min 53.5 sec.

The scan actuator was pressurized to 30 psia when it
was assembled. At launch the pressure was 29.5 psia.
During the science cover deployment, during encounter
and during the television haze calibration sequence, the
pressure was 28.8, 26.6, and 25.5 psi respectively. This
decrease in pressure was attributed to seal leakage and
porosity in the magnesium actuator cover.

e. Scan inhibit switch. The data encoder event regis-
ter indicated that the scan inhibit switch functioned as
designed when the pin-puller, which latched the science
platform, was fired at spacecraft injection. The subse-
quent successful operation of the scan actuator verified
this conclusion.

f. Science cover. On February 11, 1965, the single-
shot science cover solenoid, initiated from the PCA,
successfully unlatched the science cover. The proper
deployment of the cover was verified by a change in
the spacecraft identity Telemetry Channel 414 data num-
ber, and by a decrease in the platform temperatures.
Temperature change on the scan platform caused two
data number changes in the Channel 414 resistance mea-
surement at other times during flight.

3. Recommendations

Based on the flight performance of the structures and
mechanical devices, it is recommended that although
the scan actuator components were designed to func-

tion normally in hard vacuum, additional effort be di-
rected toward finding improved methods for sealing
actuators.

B. Telecommunications
1. General

The Mariner IV telecommunications system was de-
signed to perform three functions:

1. Track the angular position, radial velocity and
range of the spacecraft to enable the FPAC and
tracking data analysis areas of the SFOF to com-
pute the parameters of the spacecraft trajectory.

2. Provide engineering telemetry data from the space-
craft to evaluate spacecraft performance. Provide
scientific telemetry data from the spacecraft to per-
mit scientific evaluation of the mission and to trans-
mit stored television pictures of the planet Mars.

3. Provide ground command capability to the space-
craft as required.

These functions must be performed from launch to at
least encounter plus 20 days, including a trajectory-
correction maneuver, providing the trajectory and ma-
neuver meet the constraints set forth in the functional
specification.

2. Telecommunications System Performance

A review of flight data indicates that all functional
requirements have been met, such as:

a. Tracking. Tracking data were received by the
DSIF 24 hr a day after Mariner IV launch in either the
one-way or two-way mode, except for short periods
when Ranger tracking requirements took precedence
over Mariner requirements. Using doppler and angle-
tracking data from DSIF stations, FPAC personnel were
able to determine the course of the spacecraft and con-
tinually monitor the spacecraft trajectory to verify and
improve their trajectory predictions. Initial tracking data
after injection were used to determine the distance and
time by which the spacecraft would miss the nominal
aiming point, and to define a trajectory correction for
their error. Following the trajectory-correction maneu-
ver, tracking data were used to verify that the maneuver
had occurred as planned and that the spacecraft was
indeed on course.

An additional task was performed in support of the
tracking function during the occultation experiment,
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which was designed to gather information on the Mar-
tian atmosphere by monitoring changes in radio signals
from the spacecraft as it passed behind the planet.

b. Telemetry. During all periods when the spacecraft
was being tracked, telemetry data were received from
the spacecraft. Analysis of received signal level data
from DSIF indicated that the telemetry threshold re-
quirement of less than 1 bit error in 200 bits was met.
Indeed, during the picture playback the theoretical bit
error rate was estimated to be less than 10-°. Although
the telemetry link bit-error rate during the picture
playback could not be experimentally evaluated, the
extremely clean picture data were evidence of superior
performance. During the mission, over 350 X 10° bits
of data were sent to Earth by Mariner IV and these
data were relayed to the SFOF for evaluation, logging,
and further processing.

¢. Command. From two days after launch, when the
first command was sent to the spacecraft, until the end
of the TV picture playback, a total of 56 commands were
sent to Mariner IV. In addition, 19 more commands
were sent during the postencounter phase, bringing the
total to 85 by the end of Phase I of the mission. All of
these commands were successfully received and exe-
cuted by the subsystems to which they were directed.
Analysis of spacecraft received signal level telemetry at
the time of command transmission indicates that the
command threshold bit error rate of 10-* was met for
all commands. Since all commands were correctly re-
ceived and executed, it can be inferred that no bit
errors occurred.

During operational planning for the encounter phase,
it became obvious that extremely accurate command
timing would greatly enhance the value of encounter
sequence commands. By utilizing the timed start mode
of the ground command subsystem it was possible to
accurately time the initiation of commands and hence
their arrival and execution times on the spacecraft. The
accurate positioning of the scan platform for the TV
picture-taking sequence was evidence of the success of
this technique.

d. Communications capability. Theoretical perfor-
mance predictions were made for the Mariner IV mis-
sion using a summation of all known gains and losses
between transmitters and receivers to generate curves
of predicted received-power levels at the spacecraft and
at the ground stations. By comparing predicted signal
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levels at any time during the flight with system thresh-
olds, it was possible to define a performance margin as
the amount by which the predicted nominal exceeded
threshold. In order to reasonably assure that the tele-
communications system performance would not decrease
below the threshold during the mission, the design cri-
terion was such that the performance margin must ex-
ceed the linear sum (in db) of the known system adverse
tolerances. This criterion was met for all required phases
of the mission for the command function, and for all
phases except a short transition period between low-
and high-gain antenna coverage for telemetry.

It should be noted that even during the period when
the telemetry system adverse tolerances were not
covered, the performance margin never went below
nominal threshold. Thus in this region the telemetry
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system performance would be marginal, depending on
the way in which the tolerances break. This was a
result of an antenna position compromise that had to be
made between midflight performance and encounter
performance, sacrificing a short period in midflight to
more adequately cover the encounter.

SPACECRAFT

RECEIVED
SIGNAL LEVEL,dbm

PITCH GYRO, mrad/sec

YAW GYRO, mrad/sec

ROLL POSITION, mrad/sec

=140

-135

-I130

-8.6

-0.4

7.8

JPL TECHNICAL REPORT NO. 32-882

Uplink performance. During the Mariner IV mission,
all signals transmitted from Earth to the spacecraft were
received via the spacecraft low-gain antenna. Theoretical
received signal level predictions are shown in Fig. 6
and 7 for the Earth to spacecraft link. Figure 6 shows

predicted signal levels and the associated tolerances
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Fig. 8. Spacecraft attitude effects on uplink performance
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during the portion of the flight when the spacecraft-to-
Earth vector fell on the low-gain antenna alone. Figure 7
shows the same predictions during the period when the
spacecraft-to-Earth vector intersected both the low- and
high-gain antennas, and shows the resulting radio-
frequency interference pattern. For comparison with
predictions, received carrier power data have been taken
using a calibrated AGC voltage on the spacecraft.
Figures 6 and 7 show the recorded signal level data on
curves of predicted data. The agreement is quite good
for all phases of the flight.

Data points as shown on Fig. 6 and 7 are based on
spacecraft AGC averages over a long period of time, since
the instantaneous value at any given time may be subject
to several possible perturbations. Most significant among
possible perturbations is the variation in the exact point
on the antenna pattern seen by the Earth due to attitude
control limit cycles. Since the slope of the antenna-gain-
vs-look-angle curve is very steep for many places on the
antenna pattern, small variations in look angle can be
translated into significant variations in spacecraft
received-signal level, Fig. 8. Other items contributing
to instantaneous variations in AGC telemetry were
noise on the AGC telemetry, variations in DSIF trans-
mitter power output, and variations in DSIF transmitter
frequency.

Downlink performance. During the first 96 days of
the Mariner IV mission, spacecraft-to-Earth communi-
cations were via the spacecraft low-gain antenna. A
switch was made to the high-gain antenna on March 5,
1965, and the spacecraft continued to transmit via the
high-gain antenna until October 1, 1965, when it was
commanded back to the low-gain antenna as a condition
for the cruise around the Sun. The spacecraft trans-
mitted via a cavity amplifier for the launch and for the
first 15 days of the mission. On December 13, 1964, a
commanded switch to the TWT amplifier was made.

Figure 9 shows predicted received signal levels for the
spacecraft-to-Earth link for the Mariner IV mission.
Also shown in Fig. 9 is DSIF-received carrier-power
data taken during the mission. These data points repre-
sent averages, over several station passes, of AGC data
taken at DSIF 11. It should be noted that the data
points shown in Fig. 9 may not, in many cases, cor-
respond to signal levels reported by the station during
the flight. The station-reported signal strengths have
been corrected for known calibration errors in order to
present a true picture of downlink performance.
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e. Summary. Performance of both the uplink and
downlink averaged near nominal predicted values
and within the assigned tolerance limits. Telecommuni-
cation system design criteria for the Mariner mission
were thus met, with the conclusion that all parameters
significantly affecting the Mariner IV telecommunica-
tions system had been considered, and the functional
requirements as defined for the Mariner IV telecom-
munications system had been fulfilled.

3. Radio Subsystem

a. Description. The radio subsystem for the
Mariner IV spacecraft was required to receive either a
modulated or an unmodulated RF carrier transmitted
from ground stations of the DSN, demodulate command
and ranging signals if present, coherently translate the
frequency and phase of the RF carrier, modulate the
translated carrier with telemetry and ranging signals,
and retransmit it back to Earth, Figure 10 is a block
diagram of the spacecraft radio subsystem.

The received signal was a 2116 Mc carrier that could
be modulated by a composite command signal and/or a
coded ranging signal. This signal was demodulated by
the automatic phase control (APC) receiver, which
tracked the carrier signal in a phase-locked loop. If com-
mand or ranging modulation were present, it was sent to
the command detector or the ranging channel, respec-
tively. When the receiver was phase locked to the re-
ceiver carrier, it generated a filtered phase reference for
the transmitter exciter which was coherent with the re-
ceived carrier. The phase of the transmitted signal was
thus related to the phase of the received signal by
the constant ratio of 240/221. The signal generated by the
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transmitter exciter was phase modulated continuously
by a composite telemetry signal and by a ranging signal
if ranging was turned on.

When the ground stations were not transmitting to
the spacecraft, the spacecraft transmitter exciter was
controlled by an auxiliary crystal oscillator. This pro-
vided a capability for noncoherent one-way tracking of
the spacecraft and ensured that spacecraft telemetry
would be available even when the ground stations were
not in uplink lock with the spacecraft.

To provide high reliability, redundant exciters, power
amplifiers, and power supplies were incorporated into
the transmitter. Either exciter could be used with either
power amplifier through a circulator switching network.
Similarly, either power amplifier could be used for
transmitting through either antenna within the restric-
tions of the spacecraft logic. The control of switching
between power amplifiers and exciters was provided by
either ground command or on-board failure detection
logic. For ground command control, the receipt of the
appropriate direct command caused the control unit to
transfer power from the active to the inactive element
and to reverse all necessary input-output functions. In the
case of switching by onboard failure detection, power
monitors sampled the level of both the exciter and
power amplifier RF power outputs. If the output power
dropped below a preset level, the next cyclic pulse

30° 0° 330°

60. 300.
90° 270°*
120° 40 "NUMBERS INDICATE 240

DAYS FROM LAUNCH,

ENCOUNTER=
60—~ APPROXIMATELY
230 days
150°* 180°* 210°

Fig. 11. Spacecrafi-to-Earth vector diagram
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(CY-1) from the spacecraft CC&S caused the control
unit to switch the offending element.

The Mariner IV RF power amplifiers formed a hybrid
configuration consisting of one cavity amplifier and one
TWT amplifier. This configuration was chosen as the
best system to fulfill mission objectives with available
hardware and technology. The cavity amplifier was used
during the launch phase in a low-voltage mode to prevent
arcing when the spacecraft pressure passed through the
critical region as the spacecraft evacuated in the vacaum
of space. As the spacecraft separated from the Agena
stage of the launch vehicle, the cavity amplifier power
supply was switched to the high-voltage mode, and the
cavity amplifier began transmitting at full power. It
was not possible to use the TWT amplifier during this
period since it had no low-voltage mode and was not
packaged to operate in a partial vacuum. Several days
after launch, a switch to the TWT amplifier was
directed by ground command and this configuration
was maintained throughout the balance of the mission.

With two antennas and the associated circulator
switches, three transmitting and receiving modes are
available:

1. Transmit low-gain, receive low-gain
2. Transmit high-gain, receive high-gain.
3. Transmit high-gain, receive low-gain

These modes provided the required coverage during all
phases of the mission. Selection of the proper mode for
a given time in flight was by CC&S command with
ground command backup. Failure mode switching was
also available to switch the spacecraft receiver to the
low gain antenna should an automatic roll reacquisition
be necessary and between the two antennas in the event
of uplink communications failure.

By designing antenna pattern coverage to take ad-
vantage of the unique characteristics of the Mars 1964
minimum energy trajectories, considerable savings in
spacecraft weight and complexity were realized.
Figure 11 shows a plot of the spacecraft-to-Earth vector
for a typical trajectory across the spacecraft coordinate
system. During the latter portion of the flight, when it
was necessary to use a high-gain antenna to communi-
cate over the long ranges involved, the angular variation
of the Earth track was small. This permitted the use
of a fixed, high-gain antenna and enabled spacecraft
designers to eliminate the heavy and complex antenna
pointing equipment required to steer a moveable
antenna.
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b. Performance. The radio subsystem aboard the
Mariner IV spacecraft operated continuously with no
evidence of any malfunction or degradation of perfor-
mance from time of launch to completion of the mission.
The anomalies that were observed were well under-
stood and are reported in the order that they were
recorded.

Traveling-wave tube helix current variation. Fol-
lowing the switch to the TWT amplifier by ground
command on December 13, 1964, the TWT operated as
expected with one exception. Beginning December 31,
telemetry indicated that the TWT helix current was
varying more than anticipated, and was generally tend-
ing to increase. It finally stabilized about 0.4 ma higher
than the initial value. Discussions with the manufacturer
indicated that helix current variation was a known
characteristic of TWTs and should be considered normal.
Subsequent tests conducted at JPL with two TWTs from
the same lot that Mariner IV used confirmed this.

Continued observation of helix current after its stabi-
lization value (about 7.7 ma) was reached has shown no
further variations, except those attributable to decreas-
ing spacecraft temperature.

Interferometer effect. The Mariner IV radio sub-
system was so designed that the transmitter or receiver
could be switched to operate with the high-gain an-
tenna or the low-gain antenna on the spacecraft. The
switching operation was done with circulator switches.
Because the effective isolation provided by the circula-
tor switches was finite, more than one path was possi-
ble for transmission of RF energy through the subsystem.
The net result of the finite isolation was that trans-
mission or reception of the same signal over both
antennas on the spacecraft was possible. At a given
nonlinear element, constructive or destructive inter-
ference occurred depending upon the relative ampli-
tudes and phases of the interfering signals. Because
the two antennas were many wavelengths apart, the
relative phase between each antenna signal, and there-
fore the relative amplitude of the composite signal,
varied with look angle to the spacecraft. The resulting
amplitude variation with spacecraft cone and clock
angle produced the interferometer pattern shown earlier
in Fig. 7.

The leakage mechanism in the RF circuits was a
combination of actual circulator isolation and circulator
termination mismatch return loss. That is, an unwanted
RF signal may wind up at a circulator port via wrong-
way circulation and via reflection from a mismatched

termination with right-way circulation. The actual un-
wanted signal magnitude at the port in question was
then dependent upon the relative magnitudes and phase
difference between the signals via the two paths. Hence,
the leakage was a function of circulator isolation, termi-
nation mismatch, and interconnecting line lengths.

Early in the Mariner radio subsystem design, the
problem of circulator switch leakage was recognized,
but the decision was made to continue the design. For
the planned portion of the flight where the interfer-
ometer pattern occurred — over the solid angle of the
high-gain main beam — the spacecraft could have
the transmitter and receiver connected to the high-gain
antenna. The large gain, coupled with normal isolation
to the low-gain antenna, would make the interferom-
eter effect for this mode negligible.

Mariner IV left Earth in the transmit low-gain, receive
low-gain mode. Prelaunch predictions based on an
assumed isolation of 25 db indicated that +7 db to
—11 db maximum variations from the nominal low-
gain patterns could exist over that portion of the low-gain
pattern encompassing the high-gain antenna main beam
(around 38-deg cone angle). Until the time that the
transfer from low-gain transmitting to high-gain trans-
mitting occurred (MT-5, 28-deg cone angle), the max-
imum variations encountered were approximately =4 db
from nominal for the uplink signal and approximately
+3 db for the downlink signal.

After the mode switching occurred, the interferometer
effect ceased to exist on the downlink because, for the
new antenna configuration, the interfering signal was
negligible compared with the primary, high-gain an-
tenna signal. In uplink communications, however, the
interferometer effect remained quite pronounced, as
expected, since the spacecraft receiver antenna con-
figuration had not changed, although the phase and
amplitude relationships of the interfering signals did
change. Subsequent mapping of the antenna gains
allowed the received carrier power data and the space-
craft signal (2116 Mc) to be fitted to analytical inter-
ferometer patterns, yielding uplink communications
predictions for the balance of the mission and indicating
that the effective isolation from the high-gain antenna
to the receiver was on the order of 125 db for the
transmit high-gain, receive low-gain mode.

The interference effect upon the uplink could have
been avoided entirely by transferring the receiver to
the high-gain antenna at this point. It was desirable,
however, to remain on the low-gain antenna as long as
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possible to permit command capability in the event that
roll orientation was lost. The logic which would normally
command a transfer of the receiver to the low-gain
antenna if roll acquisition were lost was disabled when
DC-15 was in effect.

Fortunately, the interferometer pattern was so dis-
posed about the spacecraft that a pattern maximum
occurred during encounter. At look angles other than
over the high-gain antenna main beam, the normal
low-gain antenna pattern still existed. Thus, the inter-
ferometer pattern provided higher gain than normal for
the critical portion of the mission and yet had wide
coverage for command reception capability in the event
the spacecraft lost attitude control.

Frequency shifts at CY-1 events. Both receivers at
DSIF 42 dropped lock momentarily coincident with the
CC&S cyclic command (CY-1) on February 27, 1965.
Analysis of the data showed that these transients were
present every time a CY-1 occurred while the radio
subsystem was in one-way lock. A series of tests on
the Mariner proof-test model spacecraft provided the
explanation.

The first CY-1 after a two-way tracking period
changed the state of a flip-flop in the radio control
circuitry. The flip-flop, which derives its power in
common with the auxiliary oscillator, draws more cur-
rent in one state than in the other. The dc power-supply
voltage, in turn, is slightly current dependent, so that
a change of state of the flip-flop results in a slight
change of voltage to the auxiliary oscillator, causing a
shift in spacecraft transmitted frequency. Ground test-
ing indicated that a change of approximately 10 mv in
the power-supply voltage was to be expected, so that
the frequency shift at S-band would be about 30 cps.

When the spacecraft is in two-way lock, the radio
operates from the voltage controlled oscillator (VCO)
which does not have a dc power supply in common with
the current unbalanced flip-flop. Thus, the slight shift
in frequency is not observed when in two-way lock. It
was not observed during prelaunch system testing be-
cause sufficiently sensitive instrumentation to measure
such small frequency change is not part of a normal test
configuration.

Best lock frequency investigation. The best lock
frequency is the frequency onto which the spacecraft
receiver APC loop will lock in minimum time. It also
corresponds to the average frequency at which the re-
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ceiver VCO operates when out of lock. If this frequency
is known closely enough, the average time to acquire
two-way lock can be minimized.

Due to aging and temperature differences, the best
lock frequency may change from the prelaunch value.
For this reason, two methods were proposed and were
used to continuously update the estimate of the best
lock frequency.

The first method involved the direct measurement by
DSIF of the frequency giving the shortest lock-up time,
and the only requirement was that the DSIF stations
modify slightly the procedures for acquiring two-way
lock. The second method consisted of recording space-
craft static phase error (SPE) telemetry values when
out of lock and then averaging the spacecraft SPE
readings over a sufficiently long period of receiver
out-of-lock conditions. The average telemetry value was
then converted to spacecraft VCO frequency from the
appropriate calibration table. Using the updated best
lock frequencies, ground stations repeatedly obtained
two-way lock with the spacecraft within a few seconds
after the signal arrived at the spacecraft. Prior to
obtaining these data it occasionally took more than an
hour to obtain two-way lock.

4, Data Encoder Subsystem

a. Description. The Mariner IV data encoder sub-
system accepted engineering data from 90 analog
channels, time multiplexed it into a predetermined
sequence, and converted it into 7-bit binary words. It
also accepted digital data from science, video storage,
and command subsystems and time multiplexed (com-
mutated) this with the engineering data. The data
encoder subsystem generated a cumulative count of
specific spacecraft events, and a cyclic, binary, pseudo-
random code from which bit and word sync were
obtained. A composite telemetry signal consisting of
telemetry data bi-phase modulated on a square wave
subcarrier and linearly added a synchronization sub-
carrier was generated and sent to the RF phase modu-
lator. Two data rates were provided in order to take
advantage of the higher signal strengths available during
the early part of the flight to support a higher bit rate.
The lower rate was used after the Earth to spacecraft
range was so large that ground received signal level
decreased to the point where excessive bit errors were
introduced at the higher bit rate.

Figure 12, a block diagram of the Mariner IV data
encoder, shows the main functional elements. Analog
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data from telemetry transducers in the various space-
craft subsystems arrives at the solid state commutator
where it was time multiplexed into a predetermined
sequence and converted to a pulse-amplitude-modulated
(PAM) signal for presentation to the analog-to-digital
converter (ADC). The commutator also provided unique
words of frame synchronization information for the
ground decommutators to use to identify the various
data words.

In the ADC the sequenced PAM data from the
commutator was converted into 7-bit binary words
which in turn went to the data selector for insertion into
the data stream.

To obtain bit and word sync for telemetry, a cyclic
63-bit pseudorandom code was used. This code was
generated by a pseudorandom code generator which
was driven by the sync subcarrier frequency of 2f,,
and was synchronized with data and sync subcarriers.
Bit and word sync were derived through a series of gates
which generated pulses that synchronized the commu-
tator, the ADC, and all digital data inputs.

To provide bit and word sync information to the
ground equipment, the pseudorandom code was phase-
shift key (PSK) modulated onto a sync subcarrier. The
ground demodulator generates a local pseudorandom
code identical to the code received from the spacecraft
and steps the two codes past each other until they are in
phase. Word gates like those on the spacecraft then de-
rive accurate word and bit sync pulses.

To obtain the 2f, and 4f, frequencies used for sync
and data subcarriers and to provide basic subsystem
timing, the spacecraft 2400-cps power is divided down
via a digital counter chain in the frequency divider.
Data bit rate is also determined in the frequency
divider by switching in additional counters to obtain
the lower bit rate. This switching function was con-
trolled by a CC&S command with ground command
backup. At launch the data rate was 331 bps, with the
CC&S commanding a switch to 8% bps on January
3, 1965.

In case of catastrophic failure of an ADC or pseudo-
random code generator, a redundant ADC/pseudorandom
code generator chain was available. The redundant
combination could have been activated by a ground
command which removes power from the failed unit
and applies power to the standby unit.

In addition to the processing of analog data, several
digital data inputs were accepted by the data encoder.
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The spacecraft command system provided an input from
the command detector indicating whether or not the
command detector was in lock and the frequency of
the command detector VCO. Event registers that main-
tained a cumulative count of spacecraft events provided
a 7-bit digital output which was commutated together
with the engineering data words. The science subsystem
provided a digital input consisting of data from the
scientific instruments on board the spacecraft, and tele-
vision picture data from the video storage subsystem
were input during the post encounter period when
pictures were being played back.

Four data modes were available, either by CC&S
command or ground command. They were: 1) engineer-
ing data only, 2) engineering and science data, 3) science
data only, and 4) stored video and science data with
short blocks of engineering data every 9 hr. Mode 1
was used during checkout of the spacecraft and critical
maneuvers where engineering data are of primary interest.
Mode 2 was used during the cruise phase where both
science and engineering data were required. Mode 3
was used during planetary encounter to obtain maximum
real time scientific data and Mode 4 was used during
the post encounter playback of stored data.

b. Performance. The data encoder subsystem operated
normally throughout the flight. As predicted before
launch several data encoder deck skips occurred coinci-
dentally with changes in the spacecraft power profile.
These skips were due to the susceptibility of the com-
mutator to electrical transients, and had no effect on the
mission other than a change of reference times for sci-
ence frame count and deck sync.

Shortly after launch, while the spacecraft was passing
through the Van Allen radiation belt, there were several
deck skips that are as yet unexplained. However, after
that time, all deck skips were associated with changes
of spacecraft power or other electrical transients.

Deck skips and resets. Deck skipping is described as
a skipping of some channels by the commutator. Specif-
ically, the effect was observed at frequent intervals
between L + 157 min and L + 180 min on Mariner IV
and at L + 207 min on Mariner III. Commutator skip-
ping at these times was not fully explained, although
several theories were advanced, e.g., radiation effects,
outgassing effects, and plasma probe high-voltage arc-
ing. Since these specific times, occasional skips have
been noted on Mariner IV which have been correlated
with arcing of the plasma probe on the spacecraft or
with changes in the space