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Preface

The work described in this report, the fifth in a series, was performed by the
Tracking and Data Acquisition organization of the Jet Propulsion Laboratory.
The report covers the technical activities of the Deep Space Network as related
to the Pioneer VI extended mission. Volumes I through IV of the series present
the nominal missions of Pioneers VI, VII, VIII, and IX. This volume is the first to
record the extended mission activities of the Pioneers. It covers the support given
to special Pioneer experiments made possible by the Mars 210-ft-diam antenna at
Goldstone as well as solar syzygys, radial and spiral experiments, and superior
conjunction and occultation experiments, which were made possible by the use
of two or more spacecraft.
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Abstract

The Pioneer VI mission (inward trajectory, heliocentric orbit) employed six
scientific instruments to accumulate information relative to interplanetary high-
energy particles, solar phenomena, and plasma. The tracking of the spacecraft
also made possible the support of a celestial mechanics experiment based on the
radio metric data generated by the Deep Space Network. The network provided
support for all of the science and engineering telemetry data return and trans-
mission of commands to the spacecraft.
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Part I. Pioneer Project and Pioneer VI Mission

i. Intreduction
A. Obijectives

Pioneer VI was the first in a second generation of
unmanned spacecraft launched by the Pioneer Project
under NASA control to collect data on interplanetary
phenomena. The Pioneer Project was designed to provide
a means to study the magnetic field, spatial plasma, cos-
mic rays, high-energy particles, electron density, electric
fields, and cosmic dust within a region of 0.75 to 1.20
astronomical units (AU) from the sun. Data was analyzed
to obtain knowledge of solar disturbances and the rela-
tionship between solar and galactic fields. The Project
was initiated in 1958 as part of U.S. participation in the
International Geophysical Year. Near-real-time data re-
duction and analysis was a part of a Pioneer space
weather report teletyped regularly to U.S. Space Dis-
turbance Forecast Centers.

Pioneer V, in closing out the first Pioneer generation,
remained active in space more than 3 mo and was not

JPL TECHNICAL MEMORANDUM 33-426, YOL. V

lost to earth contact until it was 27.5 million km from
earth. This was a new record.

Pioneer VI was launched December 16, 1965, on an
inward trajectory to heliocentric orbit, perehelion near
0.80, and aphelion near 0.98. (The launch vehicle was a
thrust-augmented improved Delta or DSV-35.) Complet-
ing the near-earth phase on launch day, the spacecraft
was successfully tracked by the 85-ft-diam antenna sta-
tions of the Deep Space Network (DSN) until June 29,
1966. The Pioneer VI spacecraft was then officially ac-
quired by the DSN’s only 210-ft-diam antenna station
for what was designated an “extended flight” phase.

Before launch, the life expectancy for Pioneer VI
spacecraft was estimated to be 6 to 8 mo. Later, the esti-
mate was changed to 5 yr or more, with the capability
of the completed 210-ft-diam antenna at Mars station
(DSS 14), Goldstone, Calif. Improvements also increased
the capabilities of the 85-ft-diam antenna stations. The
spacecraft was expected to return to satisfactory contact



Table 1. DSM station designations and locotions

Height above
Location Station Geodetic Geodetic mean sea Geocentric G ic G ie
number fatitude longitude level, m latitude longitude radivs, km

Goldst Calif. (Pi ) 1 35.38950°N 243.15175°E 1037.5 35.20805°MN 243.15080°E 6372.0341
Goldstone, Calif. (Echo) 12 35.29986°N 243.19539°E 989.5 35.11861°N 243.19445°F 6372.0176
Goldstone, Calif. (Venus) 13 35.24772°N 243.20599°E 1213.5 35.06662°N 243.20507 °E 6372.2599
Goldstone, Calif. (Mars) 14 35.42528°N 243.12222°E 1160 35.24376°N 243.12127°E 6372.1341
Woomera, Australia 41 31.38314°S 136.88614°E 144.8 31.21236°$ 136.88614°E 6372.5317
Tidbinbilla,® Australia 42 35.40111°8 148.98027 °E 654 35.21962°S 148.98027°E 6371.6686
Johannesburg, South Africa 51 25.88921°§ 27.68570°E 1398.1 25.73876°S 27.68558°E 6375.5415
Madrid, Spain (Robledo) 61 40.429°N 355.751°E 800 40.238°N 355.751°E 6370.0868
Cerebros, Spain 62 - - - - — —
Cape Kennedy, Fla. 4l 28.48713°N 279.42315°E 4.0 28.32648°N 279.42315°E 6373.2913
Ascension Island? 72 7.95474°S 345.67242°E 526.7 7.89991°S 345.67362°E 6378.2386
2Formerly listed as Canberra.
bNo fonger operated by DSN.

with the DSN’s 85-ft-diam antenna stations during the
second half of 1970. (Pioneer VI support by the DSN
was to be terminated if the telemetry bit error rate
reached an unacceptable level.)

This document reports the first three years of extended
flight phase support in annual increments. Table 1 lists
the DSN stations and locations during the period reported.

B. Tracking and Data Acquisition Suppert

The Tracking and Data System (TDS) began support
of Pioneer VI during the near-earth phase (launch until
deep space station two-way lock with the spacecraft) by
tracking the spacecraft. It thereby acquired launch ve-
hicle and spacecraft telemetry data (generating metric
data through C-band radar tracking of the transponder
on the launch vehicle and S-band radio tracking of the
transponder on the spacecraft) and also transmitted com-
mands to the spacecraft.

The TDS was made up of the Air Force Eastern
Test Range (AFETR), Manned Space Flight Network
(MSFN), NASA Communications System (NASCOM),
and the DSN. This report is concerned with the activities
of the DSN, which was under management and technical
direction of the Jet Propulsion Laboratory, California
Institute of Technology. Ames Research Center (ARC)
was the manager of the Pioneer Project.

1. DSN configurations. The DSN had the capability
for two-way communication with spacecraft travelling as
near as 10,000 miles from earth and as far as interplane-
tary distances. Facilities of the DSN were the Deep
Space Instrumentation Facility (DSIF) for data acquisi-
tion and transmission, the Ground Communications Fa-
cility (GCF) for data transfer, and the Space Flight
Operations Facility (SFOF) for data processing. DSN
systems were tracking, telemetry, command, simulation,
monitoring, and operations control. Figure 1 diagrams
the DSN and Pioneer Project systems. Figure 2 is a DSN
facility-system matrix.

The 85-ft-diam antenna stations that supported the
Pioneer VI spacecraft in the deep space flight phase
were Pioneer (DSS 11) and Echo (DSS 12), both at
Goldstone, Calif., Woomera (DSS 41) and Tidbinbilla
(DSS 42), in Australia, Johannesburg (DSS 51), in South
Africa, and Robledo (DSS 61), Madrid, Spain. The DSN

objectives were:

(1) Acquire spacecraft engineering and science data
via telemetry.

(2) Provide for positive control of spacecraft.

(3) Provide for accurate spacecraft navigation by gen-
erating radio metric data.

JPL TECHNICAL MEMORANDUM 33-426, VOL. ¥
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SPACE-
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DEEP SPACE GROUND SPACE FLIGHT PROJECT
INSTRUMENTATION | "COMMUNICATIONS|  ~ OPERATIONS
FACILITY FACILITY FACILITY
TRACKING
(PREDICTS) /
/ PROJECT
TELEMETRY CONTROL
/ FLIGHT PATH
COMMAND / e ANALYSIS
BATA
DSN % ACQUISITION T iONS
SYSTEMS D
% TRANSMISSION SYSTEM
/ SPACECRAFT
SIMULATION ANALYSIS
[
MONITORING / SPACE SCIENCE
(STANDARDS ANALYSIS
LIMITS,
ALARMS) /a
OPERATIONS
CONTROL 2
Fig. 1. DSN and Pioneer Project systems diagram
(4) Provide support for a number of complex missions 7 7 / .
U RACKING SYSTEM
concurrently. 27070
MISSION % %
- . . TELEMETRY SYSTEM
(5) Provide master data records of validated data in DATA
near-real-time. GROUND
V COMMAND COMMUNI- SYSTEM
CATIONS
DEEP FACILITY
The DSN was capable of providing 24-h coverage for MISSION SPACE i
: . ; 2 INSTRUMEN-
spacecraft. This requirement was important for flexibility IeeLNe. Anon SIMULATION SYSTEM] DR T %
in planning missions and providing maximum data return TESTING BALILITE
and also for immediate detection of spacecraft failure and iR LRt
> s » » 3 0 - DSN ﬂ
1n1f1at10n of recovery procedures. If mission density re O EERATIONE
quired two such 24-h-coverage networks, then the alter- SUPPORT OBERATIONS
: ; CONTROL SYSTEM
nate network provided coverage for a station outage. o T

Station locations were approximately 120 deg apart in
longitude and within a band of 35 deg latitude on each
side of the equator. This provided continuous coverage
of spacecraft in the ecliptic plane in most cases.

The amount of data processing or data compression
activity at tracking stations depended greatly on the
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Fig. 2. DSN facility, system matrix

bandwidth, signal-to-noise quality, and reliability of
the ground interstation communications network. The
characteristics of ground communications facilities dic-
tated that data processing and compression be available



at tracking stations. Ideally, in the interests of simplify-
ing the deep space station design and reducing station
costs, it was desirable to transmit the baseband data
directly from the receiver to a central facility, where the
data would be detected and/or formatted for local use.
This required a reliable, continuously available, wide-
band (<2 MHz) duplex channel between the control
center and each station. The situation required that a
certain amount of data processing and compression for
tracking data formatting, telemetry bit and word detec-
tion, and command formatting be used at the stations.
The ground communication system could make use of a
common carrier to convey this material to the stations,
but it was more economical, when standard communica-
tion circuits were required for several networks, to have
a centralized agency; NASCOM (National Aeronautics
and Space Administration Communication Network)
provided this service. Such centralized service provided
high-speed data lines (2400 bits/s), voice, limited wide-
band lines, and teletypewriter circuits via ground or
communications satellite facilities.

The control center (SFOF) provided a central process-
ing system and areas dedicated to several spacecraft mis-
sion control operations. The control center also provided
the control function for operation of the space communi-
cation stations, ground communication facilities, and the
control center itself.

2. Pioneer design concepts. The Pioneer data system
was developed to provide (1) a highly efficient telemetry
channel compatible with the DSN, (2) a capability for
the DSN to generate two-way coherent doppler mea-
surements while the spacecraft was tracked, and (3) an
earth-to-spacecraft command capability to control the
spacecraft subsystems and science payload.

a. Spacecraft radio frequency subsystem. The radio
frequency subsystem included three antennas (one high-
gain and two omnidirectional), a transmitter driver, two
redundant traveling-wave-tube (TWT) power amplifiers,
two redundant receivers, coaxial switches, filters, and
diplexers. Switch position was controlled by ground com-
mand. The beam of each of the antennas was axially
symmetrical with the spacecraft spin axis, which was
perpendicular to the ecliptic plane. The beamwidth of
the omnidirectional, or low-gain, antenna was 110 deg,
and the beamwidth of the high-gain antenna was 5 deg.

The power output of the spacecraft transmitter exciter
was 44 W and could be switched by ground command
to the low-gain antenna or used as a driver for the two

TWT power amplifiers. Each amplifier had a power out-
put of approximately 7.7 W and could be turned on or
off or switched to either the low- or the high-gain an-
tenna by ground command. The auxiliary oscillator was
modulated by a 2048-Hz squarewave subcarrier as part
of a PCM/PSK/PM telemetry system.

The spacecraft had two partially redundant (redun-
dangy limited by the antenna configurations) phase-lock
receivers. Each operated on a different frequency and
was powered at all times; the desired receiver was thus
selected by the frequency of the ground transmitter.

b. Spacecraft command subsystem. The command sub-
system consisted of two redundant decoders and a com-
mand distribution unit (CDU). The input signal to both
decoders was the demodulated signal from either of the
spacecraft receivers. The desired decoder was selected
by command address.

The command message was a 23-bit word arranged in
the following order:

5 bits, preamble.

3 bits, decoder address.

7 bits, command complement.
7 bits, command.

1 bit, post-squelch.

The command and command complement were com-
pared within the decoder on a bit-by-bit basis, and the
command-execute signal from the decoder was inhibited
when errors occurred. The ones and zeros within the
message were represented by two audio tones. The com-
mand carrier was phase-modulated by these tones at the
rate of 1 bit/s.

¢. Spacecraft telemetry subsystem. The generation of
timing and status signals, analog-to-digital conversion,
data retrieval and processing for telemetry, and data
storage on the spacecraft was accomplished by the
digital telemetry unit (DTU), the signal conditioner, and
the data storage unit (DSU).

The output of the DTU was a 2048-Hz squarewave
which was biphase-modulated with the time-multiplexed
PCM bit train using a non-return-to-zero-mark format.
This squarewave phase-modulated the transmitted car-
rier in all modes of operation.
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The DSU had a capacity of 15,232 bits. Readout from
the memory unit was destructive and, once initiated,
could not be temporarily interrupted by ground com-
mand without destroying the remaining data in the unit.
Furthermore, the unit had to be cleared of any data
stored there, either by ground command or by readout
of stored data, before a new storage cycle was begun.

By ground command, one of four operating modes and
one of five bit rates could be selected for operation of
the DTU. The operating modes were (1) real-time, (2) te-
lemetry store, (3) duty cycle store, and (4) memory read-
out. The bit rates were 512, 256, 64, 16, and 8 bits/s.

Data quality for Pioneer VI was determined by the
error-rate printout on the engineering data, In addition,
Ames Research Center kept plots of error-rate printout
values. An error-rate printout of 0.116 corresponded to
one error in 1000 bits of information and was used as a
criterion for good data. (If the parity error rate was not
less than this value, the bit rate was dropped to the next
lower value.) Primary interest was in data for the time
interval beginning 3 h prior to the time of maximum
spacecraft elevation and extending until 3 h after. Some
passes terminated more than 3 h before the spacecraft
reached maximum elevation, and parity error rates were
calculated from such data as was available.

Varying amounts of data were lost or degraded in
locking the receiver in a two-way mode on each pass;
the amount varied because of the round-trip light time
(RTLT), which increased as the spacecraft’s distance
from earth increased. Spacecraft acquisition time also
contributed a small portion of lost or bad (degraded)
metric data. Receiver-lock was essential for good data
recovery.

In the real-time mode, the information was trans-
mitted directly in the format and bit rate selected. In the
telemetry-store mode, data was stored and transmitted
simultaneously in the selected format and bit rate. In
the duty-cycle-store mode, data was stored intermittently
in groups of 224 bits each at a rate of 512 bits/s. The
period between groups stored could be selected by
ground command to provide partial data coverage for
periods up to 19 h. The memory-readout mode provided
the capability for retrieving the data stored. When read-
out was complete, the DTU reverted automatically to
the real-time mode in the format and at the bit rate in
use prior to the readout.
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The spacecraft data word was composed of 7 bits. The
first 8 bits transmitted were generally information and
the seventh indicated parity. Odd parity was employed
by sampling the first, third, and fifth bits.

d. Mission-dependent ground equipment. This equip-
ment consisted of a demodulator/synchronizer, a com-
mand encoder, and a computer buffer. A DSN computer
was used at the station to:

(1) Provide selected telemetry data for teletype trans-
mission to the SFOF.

(2) Monitor the engineering data for out-of-limit
occurrences.

(3) Provide computer typewriter printout of selected
data.

(4) Display selected spacecraft parameters as required.

(5) Transmit command messages on instructions from
the SFOF.

(6) Check command messages for validity before
transmission.

(7) Verify that commands were being transmitted
correctly.

(8) Maintain a command accountability list.

The complete data stream was recorded on magnetic
tape for subsequent data processing and analysis.

3. Extended flight phase support requirements. Almost
from launch of the Pioneer VI spacecraft, mission re-
quirements for TDS support increased. Changes resulted,
in the main, from the spacecraft’s increased life expecta-
tion, and the added possibilities from an extension of
reach by the DSN,

a. Guidelines. Mars station (DSS 14), which was not
yet operable at launch, was made available on a best-
effort basis for Pioneer VI. However, the support Instru-
mentation Requirements Document (SIRD) and the
NASA Support Plan (NSP) for Pioneers VI, VII, and C
were completed in 1967. Looking ahead to extended
phase coverage of Pioneer VII, which had been launched
in August 1966, and spacecraft of outside projects, the
NSP adjusted the early support commitment. The new



guidelines called for the Mars station to furnish a mini-
mum of 180 h per month for tracking and data acquisi-
tion support for Pioneer spacecraft. This minimum
tracking time was to be increased whenever possible.
(Requirement revisions were made on a periodic basis.)

b. Early Operation. Regular acquisition of Pioneer VI
by DSS 14, with the Goldstone Echo station (DSS 12)
and the microwave link, officially took place June 29,
1966. At that time the 210-ft-diam antenna was used for
downlink only; the 10-kW transmitter at Echo was used
for uplink. To conduct command and real-time data
transmission activities, the microwave link was used
between the Mars and Echo stations. Last acquisition of
Pioneer VI by Echo was July 13, 1966. (Previous to use
for Pioneer VI, DSS 14 had its first operational use in
support of the Mariner Mars 1964 mission solar occulta-
tion experiment in March of 1966. Only the station re-
ceive capability, augmented with R&D equipment, was
used. As the station’s capabilities had become available
during construction, they were verified through use of
the Mariner IV spacecraft S-band telecommunications
system.)

c. Restrictions. Because the Mars station was the only
facility with the 210-ft-diam antenna, required hardware
modification and testing at the station sometimes inter-
rupted regular tracking operations. (DSN plans called
for construction of two additional 210-ft-diam antenna
stations: one in Australia and one in Spain.)

4. Advanced antenna system facility description. The
210-ft-diam advanced antenna system (AAS) at Goldstone,
Calif. (Fig. 3), increased the DSN range two and a half
times. Under limited communications conditions, the
system reached to the edge of the solar system. The im-
proved capability provided six and a half times more
transmitting power and receiving sensitivity for the DSN
than was available with 85-ft-diam antennas. The 210-ft
antenna had a gain of approximately 60 dB in transmit-
ting and 62 dB in receiving. The 85-ft antennas had a
gain of 51 dB transmitting and 53 dB receiving. The
beamwidth was 0.1 deg at Mars and 0.35 deg for 85-ft

antennas.

The added capability permitted either extension of
communication distances in space or acquisition of more
data from spacecraft at shorter ranges. Because the new
station located more of the complex equipment on the
ground, less complex and more reliable communication

equipment could be carried by spacecraft. The 210-ft
antenna, a parabolic reflector with an azimuth-elevation
mount, had a specified lifetime of 10 yr and an expected
lifetime of 20 to 50 yr. It was capable of operation 24 h
a day, 365 days a year.

The operating and signal-processing techniques used
for the 210-ft antenna were basically the same as those
used for the 85-ft antennas. The huge reflector was
tuned to collect spacecraft signals coming from such dis-
tances that their energy was measured in billionths of a
billionth of a watt. These signals were amplified and fed
into receivers, and the data forwarded to the SFOF in
Pasadena.

Tracking of the spacecraft began as it appeared above
the horizon. Frequency, time, and angle data of the pre-
dicted trajectory was supplied by teletype from the
SFOF and other DSN stations. Signal acquisition and
lock-on were normally achieved in 4 to 10 min. The
antenna was then switched to the automatic mode and
tracked until the spacecraft disappeared below the
horizon.

The 210-ft antenna operated in either of two pointing
modes, depending on the nature of the mission being
covered. It was pointed so as to track the spacecraft
signal automatically, as did the 85-ft antennas, or the
pointing information was sent to the 210-ft antenna
master equatorial reference system, which then desig-
nated the path for the antenna.

Like other DSN antennas operated at frequencies of
2100 MHz transmitting and 2300 MHz receiving, the
DSS 14 antenna incorporated a Cassegrain cone feed,
mounted at the center of the reflector. (During March
of 1968, an ultracone was installed. This improved the
downlink signal strength by some 5 dBmW for one-way
tracking.) The Cassegrain design was similar to that of
an optical telescope. Signals reflected from the main dish
hit a subreflector mounted on a truss-type support ex-
tending outward from the center of the dish. The sub-
reflector focused the signal into the feed horn in the
Cassegrain cone, where it was amplified by a maser.

The maser was capable of accomplishing maximum
amplification of the signal while, at the same time, gen-
erating a minimum of background noise. Because heat
was a major source of noise, the maser was imamersed in
liquid helium to maintdin its temperature at 4.2°K. The
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Fig. 3. View of 210-ft-diam antenna
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Table 2. Antenna dimensions and weights

Antenna dimensions
Diameter, ft 210
Focal length, ft 88.941
Focal length/diameter ratio 0.4235
Surface area, ft* 37,491 (0.85 acre)
Depth of paraboloid, ft 31
Pedestal wall thickness, ft 35
Outside diameter of pedestal, ft 83
Overall height of instrument tower,2 ft 139
Total concrete, yd® 2500
Antenna weights, Ib
Overali 16,000,000

On elevation bearings 2,530,000

On azimuth bearings (including 5,000,000

bearings)

On soil 16,000,000
Total rotating 5,000,000
Total tipping 2,500,000
Component

Hyperboloid 4,100

Feed cone and equipment 62,000

Quadripod 39,000

Primary reflector surface 58,000

Reflector assembly (including refiector, 2,370,000

wheels, and elevation counterweight)
Alidade and buildings 2,200,000
Azimuth bearings 400,000
Pedestal and foundation 10,000,000
Instrument tower (including wind shield)

Steel 96,000

Concrete 1,151,000
aHeight of concrete section, 68 ft, including 33 ft below grade.

spacecraft signal was usually maser-amplified on the
order of 40,000 times before it was fed into the receiver,
where it was further amplified.

The receiver used four separate channels: two refer-
ence (or sum) channels for doppler information, space-
craft telemetry, and TV signals, and two channels
carrying angle-tracking data for automatic antenma
pointing. The data from all four channels, depending on
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the information they conveyed, was transmitted to the
SFOF.

Dimensions and weights of the 210-ft antenna are
given in Table 2. A profile of the antenna is presented
in Fig. 4.

. Scientific Events and Measurements
A. Special Coverage

Special coverage was given Pioneer spacecraft during
occultations and syzygys; analyses of solar events were
made, and investigations were made of magnetosheath
and bow shock. During a solar event of high scientific
value, continuous tracking coverage for 30 to 50 h fol-
lowing the event was required for Pioneer spacecraft.
Dependent upon the location and characteristics of a
specific event, coverage was shared by the Pioneers as
determined by the Pioneer Project at the time of the
event. For magnetosheath and bow shock, on-board
plasma and magnetometer instruments needed to be
operating and the resultant scientific data received by
Jaunch plus 3 to 332 h or 8 to 10 earth radii altitude.

Continuous tracking during a 1-mo period was required
for Pioneer VI to cover solar occultation (November 21
through November 24, 1968). An analysis of the solar
corona and atmosphere near the solar disk as the space-
craft occulted was desired.

Pioneer VI carried six scientific instruments, which
totalled 34.1 Ib or 25% of the total spacecraft weight.
Nine W of power was required for the instruments when
one plasma detector was operating in low-power mode
and 18 W when in the high-power mode (approximately
18 and 35% of the total spacecraft power).

The instruments covered approximately 280 in.? of the
spacecraft platform. Approximately 72% of the telemetry
data was allocated directly to the scientific instruments
when telemetering in the scientific data mode. This
mode was used throughout the mission except for rare
occasions. Approximately 33% of the command capa-
bility was allocated directly to the scientific instruments
for controlling the operating conditions.

Power to the scientific instruments was supplied di-
rectly from the spacecraft primary bus. Each instrument,
therefore, had its own converter. Power to all instru-
ments was turned off by a single ground command. Each
instrument could be turned on individually by ground



command. One scientific experiment, the celestial me-
chanics investigation, required no special instruments on
the spacecraft. However, funding for this investigation
was not available until the 1968 fiscal year.

B. Experiments

The experiments, managers, and principal investigators
are listed in Table 3.

1. Celestial mechanics investigation (JPL). The three
primary objectives of the Pioneer celestial mechanics ex-
periment (PCME) were:

(1) Obtain primary determinations of the masses of
the earth and moon and the astronomical unit.

(2) Use the tracking data from the whole series of
Pioneer probes in a program designed to improve
the ephemeris of the earth.

(3) Investigate the possibility of a test of general rela-
tivistic mechanics with the Pioneer orbits.

The experiment made use of the on-board receiver and
transmitter equipment in conjunction with DSS equip-
ment to obtain two-way doppler measurements. Pioneer
data was appropriate for this experiment because of the
absence of midcourse orbit corrections and near-planetary
encounters. In addition, solar-radiation pressure effects
were slight for the Pioneer configuration,

2. Cosmic ray telescope (University of Chicago). The
intensity and energy spectra of protons and alpha par-
ticles, and electron energy over a limited range, as well
as particle anisotropy, were measured by this instrument.
It had three solid-state lithium-drift detectors, a plastic
scintillator cylinder designed to exclude particles not
confined to the telescope angle of 60 deg, a photomulti-
plier tube, and associated electronics. Proton and alpha
particle energy spectra measurement was divided into
these four energy windows: (1) 0.6-13 MeV per nucleon;
(2) 13-70 MeV per nucleon; (3) 70-190 MeV per nu-
cleon; and (4) greater than 190 MeV per nucleon. De-
tection of electron energy spectra was limited to the
energy windows of 0.16-1 and 1-20 MeV per nucleon.

3. Cosmic ray anistropy detector (Southwest Center
for Advanced Studies). Measured were the anistropy of
low-energy primary and solar cosmic radiation and its
variation with energy, time, and nuclear species. The
instrument comprised a scintillator crystal, an anticoinci-
dence scintillator, two photomultiplier tubes, and asso-
ciated electronics. The acceptance cone for the detector
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Table 3. Pioneer Vi experiments

Experiment/scientific

instrument Management Principal investigator
Single-axis magnetomet NASA/GSFC N. Ness
Plasma cup detector MIT H. Bridge
Quadrispherical pl NASA/ARC John H. Wolfe
analyzer
Radio propagation Stanford University V. R. Eshleman

detector

Cosmic ray anisotropy
detector

Southwest Center
for Advanced

Kenneth McCracken

Studies

Cosmic ray telescope University of J. Simpson
Chicago

Celestial mechanics JPL John D, Anderson

investigation?

Solar occultation investigation only (10/20/68-12/6/68)

Faraday rotation investi- JPL Gerald S. Levy
gation (S-band)
Spectral broadening JPL R. Goldstein

investigation (S-band)
John D. Anderson
Leonard Efron

Relativity investigation JPL

aRequires no on-board instrumentation; uses two-way doppler tracking

as data source.

was 107 deg. Energy window discrimination was achieved
by means of a four-channel, on-board, pulse-height
analyzer.

4. Plasma cup detector (Massachusetis Institute of
Technology). A detector that used a Faraday cup with
an energy-determining grid, a split collector, and asso-
ciated electronics made up this instrument. The viewing
angle was =20 deg in the plane perpendicular to the
spacecraft spin axis and =60 deg in the plane parallel
to the spin axis. Measured were the energy spectrum,
flux, and angular distribution of both positive ions and
electrons of the interplanetary plasma.

The energy per unit charge of the positive ions was
determined in 14 intervals extending from 0.1 to 9.5 kV;
the energy of the electrons in four energy bands extend-
ing from 0.1 to 1.6 keV, and the flux sensitivity range
from 2 X 10° to 2 X 10° particles per cm?/s.

5. Quadrispherical plasma analyses (Ames Research
Center). This instrument, like the plasma cup detector,
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measured the energy spectrum, flux, and angular dis-
tribution of both positive ions and electrons of the inter-
planetary plasma. The instantaneous viewing angle was
approximately 15 deg in the plane perpendicular to the
spacecraft spin axis or equatorial plane and +80 deg in
the plane parallel to the spin axis. The latter was divided
into eight channels symmetrical about the equatorial
plane and with widths, starting at the equatorial plane,
of 15, 15, 20, and 30 deg.

The energy per unit charge of the positive ions was
determined in 16 logarithmically spaced bands extending
from 0.2 to 10 kV; the energy of the electrons in 8 loga-
rithmically spaced bands extending from 0.002 to 0.5 kV;
and the flux sensitivity from 10° to 10° particles per cm?/s.

Besides a quadrispherical electrostatic analyzer, 8 sepa-
rate and contiguous current collectors provided 8 sectors
and associated electronics. The current or flux measure-
ment was expressed as a 7-bit word and, together with
other information identifying energy levels, positive or
negative particles, collector, and equatorial interval, was
stored in a core memory. The instrument recorded data
concurrently with telemetering data.

6. Magnetometer (Goddard Space Flight Center). The
magnetometer, with a range of +64y, sequentially mea-
sured the magnitude of the three orthogonal components
of the interplanetary magnetic field. Capable of four dif-
ferent data recording sequences, the instrument had a
single flux gate sensor and associated electronics. A me-
chanical flip mechanism, which rotated the sensor through
180 deg, permitted detection and elimination of perma-
nent magnetization of the core. The flip mechanism con-
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tained 22 small squibs grouped in pairs for redundancy.
Each pair of squibs was activated by ground command.

7. Radio propagation (Stanford University). This ex-
periment involved the transmission of two modulated
coherent carriers of approximately 49.8 and 423.3 MHz
from the ground and the reception of these signals by
receivers aboard the spacecraft. The receivers were de-
signed to measure the relative phase of the modulation
envelopes of the two carrier frequencies which, since the
higher frequency was relatively unaffected by the pres-
ence of ionization, provided a value for the integrated
eleciron density. In addition, the rate of change of phase
of one carrier with respect to the other was measured,
thus accurately determining the time variation of the
integrated electron density. Signal strength was also
measured.

Instrumentation comprised two ground-based trans-
mitters operating into a 150-ft-diam parabolic antenna
located on the Stanford University campus, a dual-
channel, phase-locked-loop receiver aboard the space-
craft, the spacecraft telemetry, and the DSN. All elements
of the system operated simultaneously to provide closed
loop operation.

The experiment was terminated July 13, 1966, when
the Stanford radio propagation instrument onboard the
Pioneer VI spacecraft ceased to transmit useful scientific
data. The spacecraft communication distance and the
Stanford on-board receiver sensitivity threshold combined
to end the acquisition of useful data. The need for
JPL to produce Stanford predicts in support of the mis-
sion ceased with the end of the experiment.

i1






Part 1l. Extended Flight Phase, First Annual Period

(July 1, 1966 —

I. Introduction
A. Synopsis of Significant Events

The Pioneer VI spacecraft was used in making obser-
vations of several solar disturbances and a radar bounc-
ing experiment with the planet Mercury during the first
annual phase of extended flight. A special series of ob-
servations by the spacecraft was made in August 1966,
on passes 235, 236, and 237, to learn of any solar activity
that might affect a Lunar Orbiter launch. The first solar
alert of the period was on pass 207 (July 10, 1966). Dur-
ing the last part of May, special coverage was provided
for two periods of solar flare activity. Coverage of 27 h
was provided for the first period and 12 h for the second.
Other solar flare observation passes noted were passes 210
and 428. The radar bouncing experiment with Mercury
was performed on pass 557 (June 25, 1967).

B. Significant Changes in Project Requirements

The need for JPL to produce Stanford University pre-
dicts ceased with the end of the experiment (July 13
1966). However, because the Pioneer Project Office was
using the round-trip flight time information transmitted
in conjunction with the Stanford predicts that were no

JPL TECHNICAL MEMORANDUM 33-426, VOL. V

July 1, 1967)

longer produced, JPL was requested to transmit a copy
of the nominal predicts for one of the deep space sta-
tions to the Project Office on a regular basis.

C. Support Beyond Minimum Commitments

During the first annual period reported here (the first
year after DSS 14 officially took tracking responsibility),
there were increasing responsibilities for TDS facilities
and personnel. Five major launches were supported
within a 5-wk interval in the August-September period.
Pioneer VII was launched August 17. And, in addition
to scheduled tracking of Pioneer VI, DSS 14 tracked
Mariner IV on a once-a-month basis, and performed
Mercury bistatic experiments in conjunction with Venus
station (DSS 13).

D. Overall Performance of Network

That the DSN met its growing responsibilities was
acknowledged in a December 19, 1966, message from
the Pioneer Project Manager, Charles F. Hall, to the
personnel at the JPL and the DSN facilities.

“The Pioneer VI mission on Day 350, 0731.20 GMT,
1966, has successfully completed an operational life-
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time of one year. The scientific data collected over
this period has proven to be valuable to the scientific
community in initiating an understanding of the solar
system and its environment. Pioneer VI is continuing
its success with regularly scheduled tracking mis-
sions utilizing the Mars 210-ft antenna system. Your
efforts as part of the Pioneer team have played an
important role in establishing the above statements
as facts. As part of the Pioneer family we invite you
to join us in celebrating this occasion.”

1. Data rate. DSS 14 obtained good data from
Pioneer VI at a data bit rate of 64 bits/s, providing at
least a 9 dB improvement in performance by DSS 14
over other deep space stations. At 64 bits/s and an error
rate of one error per 1000 bits, the station extended the
range capability for 64 bits/s from 33 million km to
110 million km. The largest portion of gain was attrib-
uted to a considerable improvement in system noise tem-
perature (29°K) and other ground system performance
elements,

2. Prime tracking function. DSS 14 assumed the prime
tracking function of the Pioneer VI spacecraft effective
with pass 196. The bit rate was 64 bits/s. However,
DSS 12 (Echo station at Goldstone) continued to provide
the command and telemetry processing, through its
ground operational equipment, and recording. Command
transmission was provided as needed. During command
operations, the DSS 12 antenna receiver/exciter, trans-
mitter, and the tracking data handling subsystem were
placed in operation. (The spacecraft was at 8 bits/s duty
cycle store during nontracking periods.)

li. Engineering and Operations
A. Tracking Interruption

The most serious problem during the first annual
period of activity of the extended flight phase was an
antenna mechanical problem that shut down the 210-ft-
diam antenna Mars station for a month and a half. Be-
cause of a recurring hydrostatic thrust bearing anomaly
that caused short tracking interruptions, the station was
shut down for major rework by JPL from March 10 to
April 28, 1967. Reshimming between the annular ring
and the bearing surface finally eliminated mechanical
distortion occurring when the pad passed over the bear-
ing surface. (It was possible during this rework effort to
put the antenna into normal operation for a 5-h period.
This was done to provide maximum capability listening

14

support during the Surveyor III terminal sequence and
initial operation on the moon.)

1. Bearing improvement. After initial installation of
the ground shims, the bearing film height was improved
to a minimum of 0.004 in., with 10 areas showing less
than 0.005 in. By comparison, on January 27, 1967, there
were 21 areas in which film height was 0.003 in. or less.
In addition, the overall height variation of the runner
was reduced from 0.070 in. measured during construc-
tion to 0.015 in., and “dramatic” improvements were
made in the flatness in local areas. During May, engi-
neering evaluation and appropriate local area reshim-
ming were continued to improve the minimum film
height and to attain a satisfactory bearing pump redun-
dancy operating condition with permanent shims.

2. Other antenna changes. Adjustments were made to
reduce the axis cross coupling of the infrared spectrome-
ter (IRS) autocollimation in order to reduce the bias
voltage used to offset the fixed alignment error in the
cross elevation axis.

During the shutoff period, sensitive level measure-
ments of the thermal stability of the instrument tower
indicated the angular movement of the top of the instru-
ment tower was greater than 15 arc seconds. Plans were
made to insulate the outside of the wind and thermal
shield to reduce the heat transferred into the instrument
tower. A new reference groove was cut in the azimuth
gear for measuring the runner profile.

The 20-kW transmitter was modified to make the
transmitter usable at both the DSN operation frequency
band 2110-2120 MHz and the DSN experimental fre-
quency of 2388 MHz. The conversion consisted of re-
placing the klystron then in use with a klystron with a
broader tuning range (2100-2400 MHz). An additional
waveguide directional coupler was added to the wave-
guide systems for power monitoring at 2388 MHz. An
automatic switching circuit was used to switch the
monitoring circuits to the directional coupler correspond-
ing to the frequency being used. The 20-kW transmitter
modification which allowed operation at either 2110-
2120 MHz or 2388 MHz increased flexibility, enabling
the station to perform special scientific and advanced
engineering experiments in addition to the two-way co-
herent tracking and/or command mission support.

The existing 20-kW waterload was moved to the posi-
tion allocated for the 100-kW waterload. This move was
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required so that the diplexer could be bypassed when
the transmitter was operating at 2388 MHz. Waveguide
was installed from the waterload position to the 2388-
MHz transmitter input port of the special 2110-2120-,
2290-2300-, 2388-MHz feed cone.

B. Anomalies Related to Data Losses

On the whole, DSN support of the Pioneer VI mission
during the period of this report was considered good.
The big exception, the shutdown of DSS 14 from pass 423
to pass 502, has been noted previously. Before and after
shutdown, instances of lost data were minor and attrib-
uted in part to burn-in or random failure of the relatively
new equipment in use. Some of the instances of lost data
and equipment anomalies and the steps made for im-
provement are described in the following paragraphs.
More are noted subsequently in tabular material present-
ing pass chronology.

When the station became operational again (pass 502),
occasional low-film indications necessitated braking of
the antenna during some passes. In each instance, check-
ing of the actual film thickness revealed a satisfactory
condition. As a result of braking, though, some data was
lost. The shimming correction was refined. Table 4
shows the signal strength expected for pass 505. The
indicated average was —163.8 dBmW. DSS 14 used its
diplexer for uplink, but not for downlink. A special cone
configuration wherein the uplink is left-hand circular
polarization (LHCP), through the diplexer, and the
downlink is right-hand circular polarization (RHCP),
bypassing the diplexer, was used. This was possible be-
cause of the use of an experimental cone and because
the spacecraft was linearly polarized. The system noise
temperature was lower in this configuration, averaging
about 29°K instead of the normal 36°K with the diplexer
included. The signal was thus improved by about 0.8 dB.

The transmitter went off because of an interlock fail-
ure on the power cabinet during pass 515. As a result,
25 h of engineering telemetry data was lost before
demodulator lock. This time included the long round-
trip light time involved in acquisition. Pass 517 was
cut short to provide command capability for DSS 51
with Pioneer VII.

On pass 557, DSS 14 was in a receive-only mode
because of a transmitter modification. This modification
was incorporated to allow radar bouncing at 2388 MHz
for performing experiments with the planet Mercury.
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Table 4. Abbreviated telecommunication design contrel
(channel 6, pass 505)

No. Parameter Valve Tolerance

—

Total transmitter power, dBmW +38.4 +02 —0.2

2 Transmitting circuit loss, dB —1.6 +05 —0.65
3 Transmitfing antenna gain, dB +11.0 +05 -—05
4 Transmiffing antenna pointing | Included in (3)
loss
5 Space loss, dB (2292 MHz, —~265.6
R = 200 X 10°° km)
6 Polarization loss, 0.7-dB elfip- -3.0 +03 —03
tical ratio, dB
7 Receiving antenna gain 61 +10 -—05
(210-ft), dB
8 Receiving antenna pointing 0
foss, dB
9 Receiving circuif loss, dB ~-0.2 +0.1 —0.1

—198.4 +24 —21
—160.0 +26 —23
—184.1 +07 ~0.9

10 Net circuit loss, dB
n Total received power, dBmW

12 Receiver noise spectral density
(N/B%), dBmW/Hz (tem-
perature system = 29°K)

13 Carrier modulation loss —41d8 {+05 ~05

(0 = 0.9 + 5%), dB
14 Received carrier power, dBmW - 164.1 +3.1 ~2.8

15 Carrier APC noise BW 10.8 +00 ~05
(2Bro = 12 Hz), dB

aNoise power/bandwidth.

DSS 12 was requested to try to acquire uplink for com-
mand purposes, and 2 h was scheduled for this purpose
during the end of the pass. However, because of the
marginal signal strength at the spacecraft (Table 5) and
the limited time available (RTLT was 25 min), satisfac-
tory lock was not obtained.

Although the transmitter was down on passes 551, 559,
and 561, no data was lost because the station was able
to track in a one-way mode. In contrast to the ground
transmitter, the receiver was in both one- and two-way
lock case.

€. RF Performance

1. Uplink, downlink signal strengths. Tables 6 through
11 present downlink receiver signal strengths for
passes 197 through 561. Figures 5 and 6 present exam-
ples of spacecraft uplink receiver signal strength and
uplink signal strength vs time, respectively.
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Table 5. DSS 12 uplink, pass 557

No. Parameter Value Tolerance
1 Total transmitter power, dBmW +70.0 +0.5 | —0.0
2 Transmitting circuit loss, dB —0.4 +0.1 —=0.1
3 Transmifting antenna gain, dB +51.0 +1.0 | —0.5
4 Transmitting antenna pointing Included in 3

loss

5 Space loss, dB
(2110.9 MHz; R =
2.294 X 10° km)

—~266.14 00 | —0.0

6 Polarization loss, dB -3.0 405 | —05
7 Receiving antenna gain, dB +10.5 +0.5 | —0.5
8 Receiving antenna pointing loss | Includedin7

14 Receiving circuit loss, dB —-1.5 +0.25 | —0.25
10 Net circuit loss, dB —209.54 | +2.35| —1.85
11 | Total received power, dBmW -139.54 | +2.85| —1.85
12 Receiver noise spectral density —164.0 +1.0 | —05

(N/B), dBmW /Hz

13 Carrier modulation loss, dB —3.46 | +04 —0.4

14 Received carrier power, dBmW —~143.0 43251 —2.25

15 Carrier APC noise bandwidth +13.0 +1.25 | —1.0
(2BLo = 20 * 5 Hz), dB

Carrier performance

16 Threshold SNR in 2B;0, dB 6.0

17 Threshold carrier power, dBmW —145.0 +2.251 —1.5

18 Performance margin, dB +2.0 +4.75| —4.5

Command data performance

19 Modulation loss (1.25 rad —2.83 | +0.21 | —-0.27
+ 0.5%), dB

20 Received data subcarrier —142.37 | +3.06 | —2.12
power, dBmW

21 Bit rate (1/T), bits/s 0.0

22 Required system temperature +194 | +1.2 | —1.0
(N/B), dB

23 Threshold subcarrier power, —144.6 +225| —1.5
dBmW

24 Performance margin, dB +2.23 | +4.56 | —4.37

Figure 7 indicates measured downlink receiver signal
strength vs predicted signal strength, showing where
(passes 411 through 416) recalibration occurred after an
error was discovered in the RF cabling calibration. Dis-
covery of the error helped to explain the 1- to 2-dBmW-
higher signal strength reported by the station as
compared with the expected signal strength. The recali-
bration of the system at DSS 14 was accomplished on

16

Table 6. Downlink receiving signal strength,
passes 197-257

Average value,
Pass DSS Day dBmW
197 14 181 —156.8
202 186 —156.3
206 190 —156.7
207 14 191 —156.7
208 14/12 192 —166.4/—156.5
210 194 —166.8
211 195 —156.9
215 199 ~156.8
218 202 —157.9
223 207 —157.2
226 2n —157.4
230 14/12 214 —157.3
2322 14 216 —158.1
235 219 —158.8
236 220 —~157.8
237 221 -157.9
238 222 —158.0
248 14 232 —157.7
250 14/12 234 —157.8
254 14/12 238 —158.4
257 14/12 241 —158.5
aRecord-only track
-130
z
E: ° o —qeeo, |
> o0

g O—o-

Z -140

b=

&

—

<

pa

o

wy

19056 206 216 226 236

PASS

Fig. 5. Uplink receiver signal strength, passes 196-257

February 2, with a 2-dBmW adjustment being made as
a result. The actual downlink signal strength on pass 416
therefore reflected that 2-dBmW adjustment. The pre-
dicted value, as of pass 416, was within a 1-dBmW
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Table 7. Downlink and uplink receiver signal strength,
passes 260--320, DSS 14

Pass Day Downlink, dBmW Uplink, dBmW
260 244 -158.0 —128
265 249 —158.4 -127
267 251 —~158.6 -127
271 255 -~ 158.3 —-127
274 258 —~158.5 —
278 262 —158.9 —-127
282 266 -—158.7 -125
285 269 ~-158.7 —128
288 272 —159.2 -128
292 276 ~159.0 - 127
295 279 -158.3 —128
296 280 —158.7 —128
299 283 —158.8 —127
302 286 —158.7 =127
306 290 —159.4 —128
309 293 —158.1 —128
313 297 —158.7 -128
315 299 —158.9 -128
316 300 —158.8 —128
320 304 —159.3 —128

Table 8. Downlink receiver signal strength,* passes 322-408

i Receiver Threshold, Receiver Threshold,
Pass Day Predicted, dBmW (average), dBmW dBmW Pass Day Predicted, dBmW (average), dBmW dBmW
322 306 ~160.0 —157.8 —-172 364 348 —160.9 —156.2 =173
324 308 —160.0 —158.7 -172 366 350 —160.9 —157.4 —-172
327 311 - 160.1 —158.4 —172 369 353 —-161.0 —158.1 —173
329 313 —160.1 —158.2 -173 371 355 —161.0 —158.5 —173
33 315 —160.2 —158.3 —-172 372 356 —161.0 —158.3 —173
334 318 —160.2 —158.5 -173 377 361 -161.1 —158.5 —-173
336 320 —160.3 —158.0 -~173 380 364 —161.2 —158.8 —173
338 322 —160.3 -~ 158.5 172 387 006 —161.3 —158.4 —-172
343 327 —160.5 —158.6 —=173 390 009 —161.3 —157.6 —-172
348 332 —~160.5 —157.8 —173 392 010 -161.3 -~ 158.1 -173
350 334 -~ 160.6 —158.4 -173 394 013 —161.3 -~157.9 —-173
355 339 —160.7 —157.3 =172 404 023 ~161.4 —~159.4 —171
357 341 - 160.7 —158.3 —173 406 025 —161.4 —~158.4 —~173
359 343 —160.8 —157.8 —173 408 027 —161.5 - 158.4 -~173

2Bandwidth = 12 Hz; maser amplification.
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Table 9. Downlink receiver signal strength,®

passes 411443
) Receiver Threshold,
Pass Day Predicted, dBmW (average), dBmW dBmW
41 030 —161.6 —158.5 ~172
416 035 ~161.6 —160.6 - 174
418 037 —161.6 —160.6 —175
420 039 —161.7 —161.0 -175
422 041 —161.7 —160.4 -175
425 044 —161.8 —160.7 ~175
427 046 —161.8 —161.1 -175
428 047 ~161.9 —161.0
429 048 —161.9 —160.8 —175
432 051 —162.0 —161.2 —175
439 058 —162.0 —161.4 —175
443 062 ~162.1 —162.4 —176
2Bandwidth = 12 Hz; maser amplification.
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Fig. 7. Downlink measured signal sivength vs predicied

i8

tolerance (Table 9). (RF cabling calibration was per-
formed every 6 mo as DSS 14 procedure.)

Data on Pioneer VI indicated that DSS 14 was 9 dBmW
better than the 85-ft antenna station network. DSS 14
transmitted on one polarization and received on another
while tracking Pioneer VI. Uplink power for the chan-

passes 502--523

Table 10. Downlink receiver signal strength,®

Pass Day Predicted, dBmW Receiver Threshold,
(average), dBmW dBmW
502 121 —162.4 —163.4 —~174
505 124 —162.4 —163.8 —175
508 127 ~162.5 —164.1 —175
510 129 —162.5 —163.4 —174
515 134 —162.5 —164.4 =175
517 136 —162.5 —164.0 =174
519 138 —162.6 —164.4 ~173
522 141 —162.6 —163.9 -175
523 142 —162.6 —~164.1 ~174

2Bandwidth = 12 Hz; maser amplification.

Table 11. Downlink receiver signal strength,?

passes 536-561, DSS 14
N Receiver
Pass Day Pr::::’d’ {average), Th;eBs“l:;:d,
dBmwW
526 145 —162.6 —164.0 —175
529 148 —162.6 —164.3 =174
532 151 —162.7 —164.7 —174.5
536 155 —162.7 —165.1 - 175
538 157 —~162.7 —164.8 —174.5
541 160 —162.8 —164.6 — 174
543 162 —162.8 —164.7 —174
545 164 ~162.8 —164.8 —174
548 167 —162.8 —164.2 —174
550 169 —162.8 —164.5 —173.5
552 171 ~162.8 —164.6 -175
555 174 - 162.9 —165.0 —174
557 176 —162.9 -165.2 —174
559 178 —163.0 —164.8 —174.5
561 180 - 163.1 —164.7 —174.5
aBandwidth = 12 Hz; maser amplification.
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nel 7 receiver had a range of —131 to —136 dBmW for
10-kW ground transmitter power from pass 196 through
pass 561. The calculated threshold for channel 7 was
—147 dBmW, leaving a —11- to —16-dBmW margin
before threshold would be reached.

2. Perceniage in-lock performance for the DSS. The
performances for tracking commitments, transmitter on,
and receiver two-way lock status are.given in Figs. 8
through 11 and in Table 12. The percentages show the

Tabie 12. Tracking performance: in-lock vs actual and
scheduled, passes 536-561

Time, min Percentage?®

Scheduled 7710 100.00

Actual 7763 100.68

Transmitter on 6190 80.28

Receiver in-lock 7185 93.19

One- and two.way

Good tracking data 6918 89.72
8The indicated percentages are calculated with the scheduled
time used as a reference.

100 97.5%
93.5%

88.6% %

80
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TIME, %
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7

20

Fig. 8. Tracking performance, pusses 322-443
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DSS performance during two-way lock with the space-
craft, but do not indicate the amount of data taken. The
difference between two-way lock time and tracking time
is mainly a result of the long round-trip light time re-
quired (20 to 25 min) to lock the receiver in two-way
(Fig. 12). However, from pass 555 through pass 561, the
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Fig. 9. Trucking performance, passes 502-523
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Fig. 10. Tracking performance: in-lock vs actual and
scheduled, passes 322-443
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6000

DSS 14 transmitter was down for repairs. As a result,
the “transmitter-on” percentage was only 80.28 of the
scheduled tracking time. The receiver was in both one-
and two-way lock case. The one-way data preceding

4624 4569 4473 two-way lock was not computed in the percentage. In
contrast, from pass 322 through pass 523 the percentage
4000 — 3999 was 97.7. During the transmitter down time (pass 555
through pass 561), no data was lost because the station
E A was able to track in a one-way mode.
w p4
- = - Q
T =) < Z o]
= = jur} .
= % E g > D. Parity Error Rate
b E =
Y 2 = ON Figures 13-15 and Tables 13-17 present parity error
2000 —R\Z [~ g = . . . .
g Q 2 £ rate information for the period covered by this docu-
< of 4
g F = N ment. Generally, DSS 14 performance was free of errors
Z at 16 bits/s. However, the telemetry was not error-free at
2 16 bits/s during passes 536 through 561. Tables 18 and 19
give system noise temperature data. (A parity error rate
o of 0.116 was equivalent to one error in 1000 consecutive
bits of information and was regarded as the limiting
Fig. 11. Tracking performance: in-lock vs actual value for the uncoded and convolution-coded unit modes
and scheduled, passes 502--523 of information.)
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Table 13. Predicted vs actual bit rate change, passes 196-257

Predicted Actual
TFL2 days Bit rate, bits/s Range, km X 10° TFL?® days Bit rate, bits/s Range, km X 10°
69 512 9.1255085 74 512 11.8
84 256 13.463865 21 256 18.0
114 64 27.0773285 119 64 34.2
130 16 39.0452085 144 16 54.8
176 8 76.295235 164 8 72.8

L + 159 days: parity error rate reached specified maximum of 1 X 107 or 0.10%.
L 4+ 166 days: 85-ft antenna data threshold reached. Parity error rate 1 X 107° at 8 bits/s.
L + 196 days: DSS 14 (210 antenna) began tracking at 64 bits/s with zero bit error rate.

aTime from launch on December 16, 1965 (Day 350) at 0731:20 GMT.

Table 14. Parity error rate (bit rate = 16 bits/s), passes 322416

Receiver signal Receiver signal
Pass Day Parity error rate strength (average), Pass Day Parity error rate strength (average),
(average) dBmW {average) dBmW
322 306 —157.8 366 350 0.004 —157.4
324 308 0.001 —158.7 369 353 0.035 —158.1
327 31 0.005 —158.4 371 355 Record only —168.5
329 313 0.002 —158.2 372 356 0.001 —158.3
3N 315 0.006 —158.3 377 361 0.001 -158.5
334 318 0.003 —158.5 380 364 0.004 —158.8
336 320 0.005 —158.0 387 006 0.003 —158.4
338 322 0.000 —158.5 390 009 0.002 —157.6
343 327 0.007 —158.6 392 on 0.001 —158.1
348 332 0.050 —157.8 394 013 0.002 —157.9
350 334 0.000 -—158.4 404 023 0.020 —159.4
355 339 0.020 —157.3 406 025 0.001 —158.4
357 341 0.005 —158.3 408 027 0.005 —158.4
359 343 0.006 ~-157.8 411 030 0.006 —158.5
364 348 0.000 —156.2 416 035 Record only - 160.6
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Table 15. Parity errer rate (bit rate = 16 bits/s),

Table 17. Parity error rate (bit rate = 16 bits/s),

passes 418-443 passes 526-561
. Receiver signal Pani Receiver signal
Pass Day Parity error strength (average), Pass Day arity error strength (average),
rate (average) dBmW rate (average) dBmW
418 037 0.002 —160.6 526 145 0.0670 —164.0
420 039 0.010 ~161.0 529 148 0.1123 —1643
422 041 0.005 —160.4 532 151 0.0933 —~164.7
425 044 0.000 —160.7 536 155 0.0675 —165.1
427 046 0.050 —~161.1 538 157 0.1006 —~164.8
428 047 0.000 —161.0 541 160 0.1571 —164.6
429 048 0.002 —160.8 543 162 0.0961 —164.7
432 051 0.005 —161.2 545 164 0.1788 —164.8
439 058 0.010 —161.4 548 167 0.1360 —164.2
443 062 0.050 ~162.4 550 169 0.0911 —164.5
552 7 0.0961 —164.6
Table 16. Parity error rate, passes 502-523 555 174 0.305 —165.0
557 176 0.2635 —165.2
Parity error Bit Receiver signal 559 178 0.2115 ~—164.8
Pass Day rate (average, rate, strength (aver- 561 180 0.2287 —~164.7
computed) bits/s age), dBmW
502 121 N/A 16 ~163.4
505 124 0.0563 16 —163.8 E. Predicted Frequency Performance
508 127 0.0603 16 —164.1 Figure 16 is a plot of the rest frequency measurements
510 129 0.0925 16 —163.1 from launch for channel 7. Predicted curves for rest fre-
515 134 0.074 16 —164.4 quency were superimposed in order to show the accuracy
517 136 0.107 16 —164.0 of the predictions. Figure 17 plots channel 6 rest fre-
519 138 0.115 16 1644 quency. 'Flgure 18 is an updated plot of measured auxil-
iary oscillator frequency. The data compared favorably
522 141 0.119 16,8 —163.9 . . .
with the predicted values. Spacecraft receiver and trans-
523 142 N/A 16,8 1641 mitter auxiliary oscillator temperatures are given in
Fig. 19. Parameters monitored in non-real-time were as
166.0 follows.
Z
5 (1) Station tracking time and mode configuration.
X
6 165.0 o ° —o .
g ' ! o lo (2) Pre and post signal-to-noise ratio.
A
; % o
:‘ZD ° (3) Command performance.
9 o
o 164.0 O . . .
z (4) On-off events such as the transmitter, receiver, bit
—
z rate mode changes, and power level changes.
8
163,01 - - = (5) Demodulator, analog tape recorder, and TCP in-
AVERAGE ERROR RATE lock percentage.
Fig. 15. Parity error rate vs signal strength, (6) Two-way RF in- and out-of-lock times in per-
passes 536561, DSS 14 centages.
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Table 18. System noise temperature, °K, D55 14

Prepass Postpuss
Pass
Receiver 1 Receiver 2 Receiver 1 Receiver 2

197 30.3 — 30.8 -
202 29.9 — 325 -
206 29.8 — 29.5 —_
207 37.6 — 37.9 —
208 28.4 - 29.3 29.6
210 39.6 - 37.4 —_
211 30.2 — - —
215 27.8 - 29.8 -
218 28.4 — 30.2 -
223 30.0 - 29.1 -
226 29.6 29.1 30 -
230 314 30.5 304 —
232 - - 31.5 —
235 31.4 - 31.9 —
236 31.6 31.9 329 -
237 - - 33.0 —
238 — - 33.0 —
248 - - 30.8 —
250 - - 31.0 -
254 - — — —
257 - - - -

(7) Average receiver AGC, average bit error rate,
average uplink power readings.

(8) Tracking data/doppler mode, VCO frequency,
angle performance.

(9) Tracking frequencies, tuning rates, lock times,
drop-lock times for spacecraft acquisition.

and

and

and

Most of these parameters are stored on computer cards

for further statistical computation.

F. Predicis and Commands

Predicts generated for Pioneer VI to July 1, 1967, are
presented in Table 20. A total of 4487 commands had
been transmitted by July 1, 1967, the end of this report-
ing period, with 1219 transmitted during the period.
Tables 21 and 22 present a summary of operations.
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Table 19. System noise temperature, °K, pre- and

postcalibration
Pass Day Precalibration Postcalibration
260 244 327 30.2
265 249 30.4 30.3
267 251 28.5 29.3
271 255 287 29.6
274 258 - -
278 262 - 30.9
282 266 - 29.6
285 269 - -
288 272 - -
292 276 - 30.0
295 279 29.3 29.4
296 280 29.1 29.0
299 283 28.8 287
302 286 30.0 31.2
306 290 30.1 31.2
309 293 29.4 30.0
313 297 29.6 30.1
315 299 30.7 30.1
316 300 30.0 30.5
320 304 29.6 29.2
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Table 20. Prediction summary

Ground iransmitter
Predict Deep Space Auxiliary oscillator synthesizer frequency, Coverage Sample
No.2 Stations frequency, MHz MHz rate, s
81A 14 2292.052500 21.985295 10/23/66-11/24/66 900
61B 14 2292.052500 21.988900 10/23/66-11/11/66 300
61C 14 2292.052500 21.988900 11/10/66-11/24/66 300
62A 14 2292.052500 21.985295 10/23/66—-1/1/67 900
62B 14 2292.052500 21.988900 10/23/66-1/1/67 300
63A 14 2292.052500 21.985295 12/30/66-2/2/67 300
638 14 2292.052500 21.988870 12/30/66-2/2/67 300
63C 12, 14 2292.052500 21.988870 12/20/66-12/22/66 60
63C 12, 14 2292.052500 21.988870 12/22/66-1/2/67 300
63D 12 2292.052500 21.985295 12/20/66—1/2/67 300
64A 14 2292.052500 21.985295 1/31/67-3/2/67 300
648 14 2292.052500 21.988855 1/31/67-3/2/67 300
65A i4 2292.050500 21.985317 2/28/67-4/1/67 900
658 14 2292.050500 21.988825 2/28/67-4/1/67 900
66A 14 2292.051400 21.985324 5/1/67-6/1/67 900
66B 14 2292.051400 21.988842 5/1/67-6/1/67 900
678 14 2292.051950 21.988855 6/1/67-7/1/67 900
67Z* Stanford 2292.051400 21.985324 6/1/67-7/1/67 300

aA = channel 6. B = channel 7. *= made on magnetic tape for 1 mo. C and D = special predict runs for DSS 12 for the last 10 days in
December 1966, DSS tracked one pass (noncommittal) at very low signal (—167 dBmW). The tracking data was for correlation with tracking
data from the then new 210-ft antenna (DSS 14).
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Table 21. Summary of operations, passes 196-257

Average
Deep Space | Number of . . Transmitter Ground
Pass ) d received signal K Remarks
Station commands level, dBmW power, kW modes

196 14/12 -] —154.3 10 1- and 2-way This was the first official tracking pass of Pioneer VI by
DSS 14. Bit rate, 64 bits/s

197 14/12 10 —156.8 10 Bit rate, 64 bits/s

202 14/12 5 —156.5 10 Bit rate, 64 bits/s

206 14/12 10 —156.7 10 Bit rates, 8 and 64 bits/s

207 12 14 —166.4 10 Pass tracked in support of a solar flare alert. Bit rate,

8 bits/s

208 14/12 7 —156.5 10 TCP computer failed twice, cause undetermined. Bit rate,
64 bits/s

210 12 8 —166.8 10 Pass tracked in support of a solar flare alert. Command
3-100 delayed 6 min due to synthesizer failure. Bit
rate, 8 bits/s

n 14/12 5 —156.9 10 Bit rate, 64 bits/s

215 14/12 10 —157.4 10 Bit rates, 8 and 64 bits/s

218 14/12 11 —157.9 10 Bit rate, 64 bits/s

223 14/12 9 —157.3 10 Transmitter interrupted twice due to high body current.
Bit rate, 64 bits/s

226 14/12 7 —157.4 10 1- and 2-way Bit rate, 64 bits/s

230 14/12 2 10 1- and 3-way Bit rate, 64 bits/s

232 14 None 10 1-way Bit rate, 64 bits/s. This was a record-only pass.

235 14/12 15 15 1- and 2-way First pass using the DSS 14 transmitter. This and the three
passes following were in support of the Lunar Orbiter
launch wherein special observations were to be made
by Pioneer VI of solar activity which might affect Lunar
Orbiter. Bit rate, 64 bits/s

236 14/12 16 10 Bit rate, 16 bits/s

237 14/12 16 10 Transmitter off briefly due to beam current interlock
operation, Bit rates, 16 and 64 bits/s

238 14/12 15 10 Antenna made emergency stop in both axes due to
tangling of coolant lines in cable wrap. Transmitter off
twice (unscheduled) due to klystron air interlock opera-
tion and arc detector interlock operation. Bit rate,

64 bits/s

248 14/12 8 10 1- and 2.way Station experienced brief primary power failure at
0245 GMT. A problem in transmitting the command
microwave tones developed between the multiple mis-
sion support area at DSS 12 and the transmitter at
DSS 14. It was corrected after several minutes and the
cause was unreported. Bit rate, 64 bits/s

250 14/12 10 10 1- and 2-way Bit rate, 64 bits/s

254 14/12 17 10 1- and 2-way Transmitter off twice due to arcing in the waveguide.

Bit rate, 64 bits/s

257 14/12 20 10 1- and 2-way Transmitter kicked off four times for brief periods; cause
undetermined. 400-Hz power supply interrupted
briefly. Bit rates, 16 and 64 bits/s

28
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Table 22. Summary of Operations, Passes 260561

Ground Modes

267 14
271 14
274 14

282 14
285 14
288 14
e
292 14

295 14
296 14
299 14

093726

222150

091919 | 180800
091542 | 220300
091740 | 220300
091935 | 2158
092140 | 2152
092148 | 190000
092456 | 1858

185614

093450

185800

093740 170725

091047 095341
094925 222150

090914 093831
093831 222410

090949 094414
094300 221615

091104 100051

095932 180000

091238 095022
094845 221620

091919 093000
093000 180800

091542 094910
094748 | 220300

091740 094625
094625 220120 ‘—

091935 | 094722
094722 215620

215620
215800

0921 095247
095247 215057

215057
2152

092148 094839
094826 190000

092456 | 095944
095802 185800

093154 100915
100915 1856

193726 101414
101414 185614

093450 101700
101700 185630

. End of (Start and End Times GMT) Avg. Recd.
Pass | Station Dayc;vf %ear (1(\3‘;3{:1‘ Track Sig. Level C°’;‘£‘:{‘d5 Equipment Failures and Anomalies; Significant Events; Remarks
No, | (DSS) (GMT) YoMty | 1-way | 2-way | 3-way (dbm) §
260 14 244 090642 | 1709 090642 093740 -158.5 28 Pass abbreviated due to Mariner IV mission requirements.

None

None

Record-only pass.

Station was secured early by Operations Control Chief to prepare
for Surveyor test.

At 1738 a glitch occurred in the Beta Computer, possibly caused
by station personnel working behind Alpha Computer. At 1802
DSS 12 had a major power failure because of storm activity in the
area. Power was restored and computer was back in lock at
180315,

None

At 094300, Tracking Data Handling equipment garbled the voltage~
controlled oscillator printout.

At 105800, Datex AZ encoder was not operating properly. Encoder.
was cleaned, and was back in proper operation at 112000.

Receiver dropped lock several times between 093726 and 101540,

Command encoder was switched at DSS 12.

At 0935, the telemetry line to DSS 12 failed. Trouble was caused
by an intermittent cable at DSS 12 and was repaired at 1039,
From 1700 to 1730, the Western Union line to JPL was not work-
ing. Trouble developed in the Telemetry and Command Process-
ing System (TCP), causing command zero printouts. Trouble
was corrected by changing TCP computer.
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Table 22 (conid)

Ground Modes

299 093610

154800

093610
100359

100359
154800

-158.9

. End of (Start and End Times GMT) Avg. Recd,
Pass Statsxon Day(}o&%ear (AG‘;\?(:I') Track Sig. Level Co?;‘:;‘ds Equipment Failures and Anomalies; Significant Events; Remarks
No, | (DSS) (GMT) @MT) | 1-way | 2-way | 3-way (dbm)
313 14/12 297 0934 1858 0934 105433 -158.83 11 Station Controller indicated that Predicts 61B appeared to have
105300 185714 been generated with wxong station coordinates.

Station tracked 108 minutes past scheduled time due to error in
reading schedule.

341 101753

101753
104853

104924
2038

316 14/12 300 093650 | 1858 093650 | 100319 -158.6 11 Pass scheduled for Day 301 but moved ahead one day due to VIP
100319 185620 visitors to Ames Research Center. TCP lost lock due to inadvert-
ent disconnection of telemetry patch to microwave line at DSS 14,
320 14 304 094145 | 1600 094145 100411 -158.5 11 None
100411 155530
322 14 306 094440 1400 094440 | 101550 ~-158.3 12 All doppler data was lost for entire pass due to operator making a bad|
101509 1400 patch.
324 14 308 094236 | 183130 094236 | 110104 -158.6 10 Station was required to shut down at 1830Z, due to Mariner IV
1000 183110 commitment. Requirement verbally confirmed by OCC.
103530
105934
327 14 311 0945 181600 0945 1013 -158.4 14 None
1013 181600
329 14 313 094648 1357 094648 101512 -158.3 9 None
101512
331 14 315 094810 1818 094810 102412 -158.8 13 None
102412 181540
334 14 318 113340 | 2117 113340 | 121050 -158, 68 13 Station experienced difficulty in obtaining spacecraft and, after
1208565 | 211700 obtaining it, difficulty in retaining lock. Problem traced to Maser.
336 14 320 095637 1958 095637 102715 -158.3 13 None
102610 195800
338 14 322 095536 | 211300 095536 103154 -158.3 13 None
102555 | 211300
343 14 327 095943 195400 095943 | 111413 -158.5 13 DIS subsystem failed to pull predict tape.
10100¢ | 195400 Antenna was driven off spacecratt by DIS, which pulled Angle Data
eariy.
350 14 334 100815 | 1947 100815 | 123352 -158,2 13 Transmitter turned off several times during pass due to leaking heat
exchanger water hose. Water tank was manually filled for remainder
of pass, and water hose replaced after completion of pass. At 132834,
transmitter turned off due to operator hitting wrong switch while
filling water tank.
355 14 339 125442 | 2050 125442 133147 -157.4 12 Loose connector on waveguide switch caused 2 hour, 40 minute delay
133042 in acquisition.

359 14 343 102141 | 2037 102141 | 104716
104640
364 14 348 102932 | 2040 102932 | 110502
100502 | 2040
366 14 350 103138 | 2022 103138 | 110116
110042 | 2022
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Table 22 (contd)

End of Ground Mudes Avg. Recd.
Pass | Station | Day of Year Acg. Track {Start and End Times GMT) Sig.’ Level Commands Equipment Failures and Anomalies; Significant Events; Remarks
No. (DsS) (GMT) (GMT) | GmT) {dbm) Total
1-Way 2-Way 3-Way
369 14 353 103414 | 2024 103414 | 110710 -157.6 10 Station had considerable trouble staying 2-way on channel 7 when
110630 | 111329 tuning above 8880 Mc. Slower tuning rate was attempted but did not
help. At 135437 station retained acquisition on channel 7 at 8880 Me,
111645 | 114207 which was 10 cycles below track syn frequency.
114133 | 114259
114415 } 121345
121315 | 132852
133015 | 135437
135406 | 2024
371 12 355 103940 103940 120044 -168.4 0 Pass for tracking data only. No commands were sent and no telemetry
115509 | 203000 data were received.
SO ST A I I oo I E— N 1
372 14 356 104109 | 202900 104109 | 110827 -158.2 11 None
110744 | 2029
377 14 361 105004 { 2023 105004 | 113600 -158.6 13 None
113520 | 2023
380 14 364 105420 | 20230¢ 105420 [ 112417 -158, 8 13 None
112326 | 202045
387 14 006 1158 202500 1158 1304 ~158. 4 12 Power failure occured at station several hours before track time
1304 1831 causing Maser to warm up. Inability to start one of the auxiliary
power units contributed to Maser warming up.
1833 1849
1849 2022 Master equatorial failure due to tripped circuit breaker in HA channel
RCVR in lock.
_____________ N SOOI ROV AU SORUEOORSIUIIN ORIyt AUt oo u (3t ou SR
390 14 009 111443 | 202200 111443 114443 157. 6 11 16 bps, TXR 10 kw
114403 | 202200
.......................... B T LT e L T T A L Lk T D e e L LT L LR L DR
]
392 14 0l1 111758 | 1952 111758 | 120600 -158.0 7 Transmitter power 10 kw, TLM bit rate 16
114508 | 195050
----- B L LT L_---_-_.‘ ) e ) L T T
394 14 013 112112 | 202200 112112 132033 -158.3 17 TXR at 15 kw, TLM bit rate 16 bps
1320 180255
180530 | 184457
184400 | 202112 L
404 14 023 113815 | 202200 113818 120609 159, 4 13 TXR power at 10 kw, TLM bit rate 16 bps
1205 202100
.......................... B el TP SPUURSR SN SR L-"““"--W.""""_" L----—-—--—----~---—--------»-----—-----~----—--4--_---.4---—---
406 14 o025 114200 | 2023 114200 120959 -158.5 i5 Bit rate 16 bps. TXR at 10 kw
120925 | 202055
..... T S e S M S — S SO
408 14 027 114617 | 2023 114617 121624 -158.5 15 Bit rate 16 bps. TXR at 10 kw
121452
411 14 030 115023 | 2022 115023 122050 -158.6 15 TXR at 10 kw. TLM at 16 bps
121953 | 202157
416 14 035 120218 | 2031 120218 -160.6 0 Record only.
203100
PRSP R Pt SO U SO e P S (SN et e e o e e e e e e e m e e e m e m e e A e m e m e e —————
418 14 037 1203 1954 1203 123132 -160.7 16 TLM at 16 bps. TXR at 10 kw
123031 195142
.............. _{____N_______ﬁ B i T e e e T e gy
420 14 @39 120516 | 1953 120516 | 123220 -160.9 15 TLM at 16,bps. TXR at 10 kw
123031 195300
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Table 22 (contd)

. End of Ground Modes Avg. Recd.
Pass | Station | Day of Year Acq. Track (Start and End Times GMT) Sig. Level Commands Equipment Failures and Anomalies; Significant Events; Remarks
No. {DSS) (GMT) {GMT) (GMT) (dbm) Total
1-Way 2-Way 3-Way
422 14 041 121100 | 1954 121100 | 123720 160.4 13 TXR at 10 kw, TLM at 16 bps
123650 | 183438
184415 192614
192502 | 195115
425 14 44 121423 | 2038 121423 124407 -160.9 14 TXR at 10 kw. TLM at 16 bps
124230 | 203800
427 14 046 121500 | 1527 121500 124250 -161.3 8 TXR at 10 kw. TLM at 16 bps and 8 bps
124220 1527
428 14 047 161428 2029 161428 | 164405 -161.1 7 TXR at 10 kw. TLM at 16 and 8 bps, Solar flare pass,
164059 | 2029
429 14 048 121645 | 2038 121645 124405 -160.85 19 TXR at 10 kw., TLM at 16 bps
124238 | 203715
432 14 051 121942 | 2023 121942 133750 -161.18 15 TXR at 10 kw. TLM at 16 bps
133244 | 2022
439 14 058 122403 1856 122403 125832 -161.4 11 TXR at 10 kw. TLM at 16 bps
125647 1855
443 14 062 1254 1908 1254 133030 162.3 131 TXR at 10 kw. TLM at 16 bps
March 3. 1967 132805 1908
502 14 121 114644 | 2130 1146 -163.46 11 TXR at 10 kw, TLM at 8 bps. Antenna stopped 3 times due to low
May 1, 1967 oil alarm on pad No. 3.
1246
2122
505 14 124 1330 1330 1406 -163.766 14 TXR at 10 kw. TLM at 8 bps
1406 2023
508 14 127 140000 140000 164.2 12 TXR at 10 kw., TLM at 16 bps
144047
144221
2056
510 14 129 1200 1800 1200 163.2 12 TXR at 10 kw., TLM at 8 bps
124030
124525
1854
515 14 134 113915 1800z 113915 -163.7 11 TXR at 10 kw. TLM at 16 bps
122654
122840
1800
517 14 136 112506 | 2116Z 112506 -163.7 14 Pass cut short 1 1/2 hours to provide command capability for
121448 51 PN-7 pass.
121624
2116
519 14 138 112658 112658 -164.3 12 TXR at 10 kw. TLM at 16 bps
121242
121358
522 14 141 1120 222500 112045 164.4 14 TXR at 10 kw, TLM at 8 and 16 bps
120909
121655
222500
523 14 142 111815 192500 111815 164.2 16 TXR at 10 kw. TLM at 16 bps
120236
120314
192500
526 14 145 111532 1817 111532 164.1 13 TXR at 10 kw. TLM at 8 and 16 bps
120703
120752
1817
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Table 22 (contd)

Ground Modes
R End of (Start and End Times GMT) Avg. Recd.
I;‘a:s S(IADtSlg;l DEY(GOI&%;?“ (g‘;\}:r) Track Sig, Level Cox;;::{nds Equipment Failures and Anomalies; Significant Events; Remarks
. (GMT) 1-Way | 2-Way ] 3-Way (dbm)
529 14 148 111258 | 2300 111250 164.3 13 TXR at 10 kw. TLM at 8 and 16 bps
120700
120800
2255
532 4 151 112540 § 1900 1125 164.7 13 TXR at 10 kw. TLM at 8 and 16 bps
1215
1215
1900
536 14 155 1115 2243 1115 1206 -165.0 18 TLM bit rate at 8 and 16 bps. TXR power at 10 kw
1206 2243
538 14 157 110330 } 2314 110330 115030 -164.8 13 TLM bit rate at 8 and 16 bps. TXR power at 10 kw
114856
541 14 160 110044 1904 110044 114856 .
114809 1904 ~164.5 13 TLM bit rate at 8 and 16 bps. TXR power at 10 kw
543 14 162 111345 | 2257 111345 120339 -164.7 17 TLM bit rate at 8 and 16 bps. TXR power at 10 kw
120310
545 14 164 105839 | 1842 105839 114821 -164.7 15 TLM bit rate at 8 and 16 bps. TXR power at 10 kw
114729
548 14 167 105515 | 185700 ] 105515 114902 -164.4 14 TLM bit rate at 8 and 16 bps. TXR power at 10 kw
114726 185700
550 14 169 105243 | 2319 1052 1218 -164.4 17 TLM bit rate at 8 and 16 bps. TXR power at 10 kw
1218 2319
552 14 171 105215 | 1900 105215 114245 ~164.6 14 TLM bit rate at 8 and 16 bps. TXR power at 10 kw.
114204 | 1857 Command 3/016 sent 6 seconds early because of GOE time error.
555 14 174 104952 | 1600 104952 ~165.0 None TLM bit rate at 16 bps.
557 14/12 176 111335 [ 1846 111335 1718 -165.8 None Attempted to use DSS 12 for uplink DSS 14 for downlink. DSS 14
170329 181101 unable to hold 2-way lock, signal level varying between -170 dbm
181145 184125 and threshold. Station 14 performed RCV search with RCV 2 at
182523 1846 channel 6 frequency and was obtaining intermittent lock at that
frequency: DSS 12 TXR apparently not able to hold S/C RCV in
two-way, causing switching between channel 6 and 7, Dropped
5/C PN-6 at 1846 to reconiigure to PN-7.
559 14 178 1051 1605 105100 -164.5 None TLM bit rate at 16 bps
561 12 180 104545 | 1604 104545 -164.7 None TLM bit rate at 16 bps
1604

G. Pass Chronology

Tracking periods covered are identified by the pass
number, which is the number of times since launch that
the spacecraft was above the horizon of a particular sta-
tion. Unless otherwise noted, the following entries refer

to DSS 14.

Pass 196. A failure in the azimuth A lubricating system
was corrected by readjustment of a microswitch. A failed
TDH doppler frequency counter was repaired by replac-
ing a loose wire that had been shorting. Because of an
operator error, the station tracked in the 4.5-kHz teleme-

try bandwidth.

Pass 197. An operator inadvertently hit the antenna

offset, causing loss of lock for 2 min.
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Pass 207. Numerous random receiver glitches? occurred
at DSS 12 because of low signal level. After transmitter
failure at DSS 12, the transmitter was reset; there was
no repetition of the failure.

Pass 208. Restarting of the computer program and re-
seating of loose cards resulted in normal operation for
TCP 920 computer programs after a failure. Operation
of FR-1400 recorder B modulator tracks returned to
normal after a drive belt was replaced. There had been
no output during posttrack calibration, and tape speed
was 75% off.

Pass 210. The GOE computer buffer power supply
was replaced after DSS 12 was unable to obtain TCP

iMomentary intermittent anomalies.
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lock for first 3 h 32 min of track. DSS 12 also experi-
enced numerous receiver glitches resulting from low
signal strength. Replacement of a fuse restored normal
operation after a DSS 12 doppler counter was inopera-
tive for 27 min.

Pass 211. A backup computer was employed when the
TCP 920 computer failed because of an intermittently
operating module. The module was replaced.

Pass 218. Because of a wiring error, the wrong data
condition code was printed. The wiring error was
corrected.

Pass 223. When DSS 12 transmitter failed twice be-
cause of high body current, the focus current was
adjusted, returning operation to normal.

Pass 226. Investigation was started when the VCO
counter in the TDH and a spare counter failed because
of bad circuit boards.

Pass 230. Because of tape recorder stoppage, 1 min
50 s of data was lost before the recorder was restarted.

Pass 232. The TDH doppler counter failed in transmit-
ter 2 mode during prepass calibration; transmitter 1
mode was used for pass.

Pass 235. The station elevation axis encoder hung up
three times and caused signal losses during tracking;
interim Datex encoding system was the cause.

Pass 235, The station prepared six trouble/failure re-
ports (TFRs) for failure of TDH punch 1 and 2. Trans-
mitter failure resulted from beam voltage overcurrent,
body overcurrent, and low water flow. Antenna brake
red indicator light was on.

Pass 237. The DSS 14 transmitter went off because
of beam current interlock.

Pass 238. The antenna came to emergency stop in both
axes because of a coolant line entangled in the cables.
The transmitter went off once because of a klystron air
interlock, and then again because of the detector.

Pass 248. DSS 14 received no command modulation
from DSS 12 GOE for a portion of the pass because of
microwave link breakdown.

34

Pass 254. The station transmitter was off twice because
of arcing in the waveguide.

Pass 257. The transmitter was off four times. The servo
brake went on because of a blown fuse in the 400-Hz
power source. The fuze was replaced and operation re-
turned to normal.

Pass 299. A local storm caused a major power failure
at DSS 12; approximately 2 min of GOE computer data
was lost.

Pass 309. The telemetry microwave link to DSS 12
was out for 4 min until the faulty cable at DSS 12 was
isolated and repaired. The TCP computer B failed at
DSS 12, requiring switch to computer; 12 min was lost.

Pass 316. The telemetry patch to the microwave line
at DSS 14 was inadvertently pulled, causing the GOE/
TCP at DSS 12 to lose lock. The problem was corrected
after 2 min 46 s had elapsed.

Pass 322. Because of incorrect frequency bias, some of
the doppler data was bad.

Pass 343. While tuning to lock channel 7, the DSS 14
antenna was driven off spacecraft because the DIS did
not pull the paper tape.

Pass 350. Because of a heat exchanger problem, the
transmitter was off.

Pass 371. The station was on spare synthesizer for a
special tracking data requirement.

Pass 416. The antenna was in a brake mode for a
special film height test.

Passes 418 through 422. The DSS 14 transmitter was
on and off in a series of TCP/GOE and TCP locks.

Passes 425 through 432. The bit rate was switched
from 16 to 8 bits/s.

Pass 443. This was the last pass tracked by DSS 14
until pass 502, during which time the station was shut
down for major bearing rework.

Pass 502. DSS 14 was again operational on day 121
(May 1, 1967). The transmitter was at 10 kW and the
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telemetry at 8 bits/s. The antenna stopped three times
because of low oil alarm on pad 3.

Pass 515. The transmitter went off because of power
cabinet interlock failure; 2.5 h of telemetry data was lost
before demodulator locked.

Pass 517. The pass was cut short to provide command
capability for DSS 51 with Pioneer VII.

Pass 526. The receiver went out of lock because of a
glitch in the master equatorial system.

Pass 536. The receiver went out of lock as a result of
the master equatorial hitting the prelimits.
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Pass 552. The transmitter subsystem was turned off for
60 s because of a beam voltage overload.

Passes 555, 559, and 561. Tracked without maintaining
any uplink (one-way).

Pass 557. The pass was an effort by DSS 12 and
DSS 14 to track Pioneer VI jointly, DSS 12 provided the
uplink but was unable to hold good lock on the space-
craft receiver. DSS 14 maintained the downlink.

Pass 561. The TDH incorrectly listed spacecraft ID as
Pioneer VII. The ID was corrected to read Pioneer VI.

Tables 21 and 22 give a more extensive summary of
operations by pass.
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Part 11l. Extended Flight Phase, Second Annual Period

Uuly 1, 1967 —

I. Introduction

Deep Space Network support of Pioneer VI continued
to meet and, in some instances, surpass Project require-
ments. Support during this reporting period included
spacecraft coverage of solar flares in November and
April. There was also a requirement for reorientation of
the spacecraft antenna with earth on pass 620 in August.
The maneuver (type II) was performed satisfactorily
despite a spacecraft storage bottle leak, which depleted
the propulsion gas supply. A total of 193 commands were
transmitted on the pass.

A significant change in support was caused by loss of
the use of the high-gain antenna aboard the spacecraft
in late 1967, which finally resulted in abandonment of
attempts to transmit commands for the remainder of this
reporting period. A significant improvement in down-
link signal strength was obtained in March with the
DSS 14 reconfiguration for ultracone. Tracking interrup-
tions were a result of the Mariner V encounter with
Venus and the Pulsar Observation Project. All tracking
was accomplished by DSS 14; the bit rate was 8 bits/s.

When the annual report period began, the Pioneer VI
spacecraft was some 231 million km from earth. At the
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end of the period, the spacecraft was some 293 million
km from earth, the greatest distance of separation reached
thus far. The spacecraft began retrograde motion on
September 16 while approximately 238 million km from
earth; by November it had come approximately 6 million
km nearer earth before again starting to recede.

ii. Engineering and Operations

A. Tracking

Pioneer VI was tracked by DSS 14 for a total of 1107 h
15 min during the period from July 1, 1967 to July 1, 1968
(passes 564 through 928). The tracking time by quarter
was as follows:

Tracking period Passes Total track%ng time,
h-min
Jul, Aug, Sep 1967 564-648 309:7
Oct, Nov, Dec 1967 | 675-746 212:36
Jan, Feb, Mar 1968 747-837 228:2
Apr, May, Jun 1968 | 838-928 357:30
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B. Significant Problems and Improvements

Loss of the ability to track the spacecraft in a two-
way coherent mode was the most serious problem that
developed during the second annual period of the
Pioneer VI extended flight phase. The most significant
improvement during the period was transfer of the
DSS 14 antenna to an ultracone configuration (Fig. 20).
The S-band Cassegrain ultracone, which had been modi-
fied at JPL for polarization diversity, was installed on
March 5. Pioneer spacecraft radiated linearly polarized
signals, and the DSS antennas used a circularly polar-
ized feed. Because of this, only half the received signal
was indicated at the receiver. Use of the linear-to-circular
polarizer at DSS 14 improved the downlink signal
strength from the spacecraft by some 5 dBmW above
predicted value for one-way tracking modes.

1. Tracking interruptions. The longest tracking inter-
ruption during the report period was from September 24
to October 21, 1967. During this time (pass 648 to
pass 675), the Pioneer VI spacecraft was not tracked by
DSS 14 because of the priority of the Mariner V encoun-
ter with Venus. There was also a four-day interruption
in April 1968 for the Pulsar Observation Project.

2. Tracking mode. Prior to October, Pioneer VI was
tracked most of the time in two-way mode on channel 7.
But after the tracking interruption for the Mariner Venus
encounter, two major problem areas developed, beginning
as small error indications and increasing in magnitude.

The first problem was a station problem. Loss of
word/frame (W/F) synchronization in the TCP printout
occurred at random, but because of low error rate the
loss was not considered excessive at the time. When
the loss of W/F sync increased, the source of the prob-
lem was traced to several bad cards in the computer
buffer. The cards were replaced.

The second problem area seemed to be within the
spacecraft, The ground receiver had random momentary
glitches, and the ground transmitter had to be increased
from 10- to 15-kW output for the spacecraft to accept
commands. Ground receivers, the transmitter, and the
microwave lines checked out satisfactorily in analysis.
On following passes the receiver glitches increased to
more than one per min in both one- and two-way con-
figurations. The transmitter was increased to 20 kW, but
ultimately no commands were acceptable on channel 7.
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Two-way tracking was maintained for a period on
channel 6 by using spacecraft receiver 1. However, use
of channel 6 lowered the threshold because it made
necessary dependence on a low-gain antenna instead of
a high-gain antenna (Fig. 21).

The problem of spacecraft acquisition of commands
became greater when receiver 2 broke into oscillation
and cross-feeding impaired receiver 1. Finally, it was no
longer possible to maintain two-way lock in coherent
mode on channel 6. However, before channel 6 became
too noisy to accept commands, a noncoherent command
was initiated in November. For a period, tracking was
performed in a two-way noncoherent mode. In this
mode, receiver 1 was locked on the station transmitter
via channel 6 with a control loop between the receiver
and the auxiliary (driver) oscillator. This permitted re-
ception of commands by the spacecraft. Consequently,
the downlink carrier frequency from the spacecraft was
independent of the station transmitter, and the data re-
ceived was identified by the same data conditions code
(DCC) 8150 used for one-way tracking. Reasonable
parity error rates at 8 bits/s were obtained in this mode.

3. Dual maser configuration. On pass 686, a special
R&D test was performed in an attempt to establish two-
way lock on channel 7 by using a dual maser configura-
tion. (This configuration had been used during the
Mariner V Venus encounter.) For this experiment the two
masers were used by DSS 14 as an R&D rotating linear
feed. The signals were transmitted to the spacecraft,
which radiated linearly polarized signals (Fig. 22). The
masers, in effect, linearly summed the energy of the right
circular polarization (RCP) and the left circular polariza-
tion (LCP). The resulting parity error rate and the
received power were compared between receiver 1
(modified) and receiver 2 (standard) as follows:

Receiver Signal level, | Bitrate, | Parity error
dBmW bits/s rate
Modified —159.9 16 0.039
Standard —163.0 16 0.420
Standard -162.9 8 0.07

The bit rate of a normal Pioneer VI track at that time
was 8 bits/s, with a parity error rate of less than 0.1.
With the modified receiver and a bit rate of 16 bits/s,
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Fig. 21. Communications subsystem functional block diagram

the parity error was also less than 0.1, showing an in-
crease of approximately 3 dBmW. The received signal
level increased by 3 dBmW when switched between the
standard and the modified receiver. However, the attempt
to lock on channel 7 was unsuccessful, and although the
configuration was switched back to channel 6 before
the end of the pass, no good two-way data was obtained.
All attempts to transmit commands then proved unsuc-
cessful and the spacecraft was tracked in one-way mode
only.

4. Uliracone configuration. Despite the spacecraft’s
great distance from earth, the ultracone provided track-
ing at a bit rate of 8 bits/s with low parity error rate
readings. Handicaps were as follows: a spacecraft re-
ceiver problem prevented receipt of commands; the
spacecraft duty cycle store was a fixed 16-bits/s opera-
tion. The normal procedure at DSS 14 was to go to duty
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cycle store mode at the end of a track, then to pick up
the stored data at the beginning of the next track. The
major difficulty was spacecraft reception of a command
to change the 16-bits/s rate to a receivable 8-bits/s rate.
The time spent in getting an acceptable command to the
spacecraft caused the loss of considerable data.

The improved downlink signal strength (5 dBmW)
gained from the ultracone made it possible to check the
degree of malfunction in the spacecraft receiver 2. Be-
ginning with pass 820, an attempt was made to lock in
the spacecraft on channel 7 for two-way noncoherent
tracking. Although there was intermittent success in lock-
ing in the receiver, attempts to get commands accepted
failed. Apparently the receiver 2 malfunction had not
lessened in degree. Telemetry was sent at fixed bit rate
of 8 bits/s only, because of the marginal signal resulting
from the spacecraft’s distance from earth.
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Fig. 22. Configuration of modified receiver
in rotating linear feed experiment

€. Anomalies Related to Data Losses

Some instances of data losses and the anomalies that
caused them during this report period are singled out
here. The pass chronology contains additional informa-
tion. On pass 581, 47 min of data was lost when the TCP
was unable to lock at DSS 12; the spacecraft was in duty
cycle store. On pass 584, the GOE at DSS 12 was unable
to lock up the demodulator when the spacecraft was in
one-way mode; 49 min of data was lost. Then, on
pass 585, engineering data was missed at DSS 12 at the
beginning of the pass; the telemetry was transmitted
upon completion of the track.

A transmitter 400-Hz power failure caused a loss of data
during some passes during January of 1968 (passes 747
through 777). The failure occurred when one of the two
generators dropped off line; the load was too high for
the other alone, As a result, the transmitter failed. On
pass 852, 1 h 50 min of data was lost, and during
passes 855 and 860 smaller amounts of data were lost.
The losses occurred because the TCP program halted
and had to be restarted many times in order to correct
the data format. A bad connector was replaced.

A commercial power failure caused the loss of 1 h
35 min of data on pass 874. The power loss resulted from
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an overload relay in the 400-Hz motor-generator circuit.
On pass 895, 15 min of data was lost when the antenna
was positioned at zenith for signal variation check. No
problem was discovered and the antenna was returned
to spacecraft point without further incident. Tables 23,
24, and 25 present abbreviated telecommunication design
control data for passes 591, 614, and 897,

D. RF Performance

1. Downlink. Table 26 presents receiver signal strength
for passes 595 through 928. Figures 23 through 29 pre-
sent predicted and actual downlink signal strength.
Figure 30 shows predicted and actual signal strength vs
time from launch. The downlink signal strength was
within =2 dBmW of the predicted signal strength in

Table 23. Abbreviated telecommunication design
control, pass 591

No. Parameter Value Tolerance, dB
1 Total transmitting power, +38.4 +0.2 —-0.2
dBmW
2 Transmitting circuit loss, dB -1.6 +0.5 —0.65
3 Transmitfing antenna gain, dB +11.0 +-0.5 —0.5
4 Transmitting antenna pointing Included
loss in (3)
5 Space loss, dB (2292 MHz; —267.2
R = 2.38 X 10° km)
é Polarization loss, 0.7 dB -3.0 +0.3 —0.3
elliptical ratio
7 Receiving antenna gain 61 +1.0 —0.5
(210-ft), dB
8 Receiving antenna pointing 0
loss, dB
9 Receiving circuit loss, dB —0.2 +0.1 —0.1
10 Net circuit loss, dB —200 +2.4 —2.1
1 Total received power, dB —~161.6 +2.6 -23
12 Receiver noise spectral density —184.1 +0.7 —=0.9
(N/B), dBmW /Hz (tempera-
ture system = 29°K)
13 Carrier modulation foss —4.1 +0.5 —0.5
(8 = 0.9 £5%), dB
14 Received carrier power, dBmW ~—165.7 +3.1 —-2.8
15 Carrier APC noise BW 10.8 +0.0 -0.5
(2Bro = 12 Hz), dB
43



Table 24. Abbreviated telecommunication design
control, pass 614

Table 25. Abbreviaited telecommunication design
conirol, pass 897

No. Parameter Value Tolerance, dB
1 Total transmitter power, dBmW +38.4 +0.2 —0.2
2 Transmitting circvit loss, dB -1.6 +0.5 —0.65
3 Transmitting antenna gain, dB +11.0 +0.5 —-0.5
4 Transmitting antenna pointing Included

loss in (3)
5 Space loss (2292 MHz;
R = 2.4 X 10° km) —267.2
(21 August 1967)
[ Polarization loss, dB -3.0 +0.3 -0.3
7 Receiving antenna gain 61.8 +0.3 -0.3
(210-ft antenna), dB
8 Receiving antenna pointing 0
loss, dB
9 Receiving circuit loss, dB —0.2 +0.1 —0.1

10 Net circuit loss, dB -199.2 +1.7 —1.9

11 Total received power, dBmW —160.8 +1.9 —2.1

12 Carrier modulation loss —4.1 +0.5 -0.5

0 = 0.9 £5%), dB
13 Received carrier power, dBmW —164.9 +2.4 —2.6

most cases throughout July, August, and September of
1967. The margin was 2.5 dBmW for the only five
passes in October. For the remainder of 1967, the re-
ceived signal strength values increased 3 dBmW. This
increase apparently resulted from the dual maser instal-
lation at DSS 14.

During January and February of 1968, the data was
plotted from telemetry clusters in two groups: one
roughly 3 dBmW above the predicted curve and the
other roughly 5 dBmW above (Fig. 30). The 3-dBmW
increment was credited to the dual-maser configuration
as in the previous period. The 5 dBmW resulted from a
2-dBmW error communicated to the network and origi-
nating in a calculation of line-loss between the maser and
the receiver in the control building.

During March and April the predicted signal strength
was exceeded by 5 dBmW and 4 dBmW, respectively;
the improvement was attributed to the new ultracone
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Value,
No. Parameter 4B Tolerance, dB
1 Total transmitter power, dBmW 38.4 0.2 -0.2
2 Transmitting circuit loss, dB 1.4 0.5 0.6
3 Transmitting antenna gain, dB 11.0 0.5 —0.5
4 Transmitting antenna pointing Included
loss in (3)
5 Space loss, dB (2292 MHz; 268.9
R = 291 X 10° km)
62 | Polarization loss, dB 3.0 0.3 -0.3
or 0
7 Receiving antenna gain 61.8 0.5 -~0.5
(210-1), dB
8 Receiving antenna pointing 0
loss, dB
9 Receiving circuit loss, dB 0.2 0.1 —0.1
10% | Net circuit loss, dB 200.7 1.9 -2.0
or 197.7
112 | Total received power, dB —162.3 2.1 -22
or 159.3
12 Receiver noise spectral density 185.8 0.7 -0.9
(N/B) (temperature system
= 19°K, listen only), dBmW
13 Carrier modulation loss 4.1 0.5 —0.5
(0 = 0.9 +5%), dB
142 | Received carrier power, dBmW —166.4 2.6 —-27
or 163.4
15 | Carrier APC noise BW 108 | 00 —0.5
(2Bro = 12 Hz), dB
16 Measured carrier power, dBmW | —163.5
17 Calculated (14), measured —0.1
(16) with polarized unit
installed, dB
aCircular or linear configuration

configuration. The strength was fairly close to the pre-
dicted curve with the linear to circular polarizer operat-
ing during May. During June, the polarizer was on and
the diplexer was bypassed to provide an optimum down-
link signal. Good data was obtained during 98.6% of the
tracking time.
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Table 26. Summary of Operations, Passes 595928

b § ot Ground Made Signal Confliguration
Pass S5 Day of Acq. End of " Strength i
. Start/Stop Time Temp |Thres No. Average Bit
Neo No Year | Time |Track £ Avg Loop | Pre/ | Pre/ of PER Rate Comments
(dbm) BW | Post Post Cmds
1-Way [2-Way [3-Way (Hz) [CK) | (dbm)
595 14 214 1528 1909 -165.5 12 29.7 -174 7 . 040 8
N/A N/A .812 16
597 14 216 1043 1401 1043 1122 -—- -165.6 12 28.9 -175 5 . 030 8
1121 1401 28.9 -175
599 14 218 1044 1930 1044 1124 -166 12 28.2 -174 8 . 150 8
1124 1930
600 14 219 1044 2200 1044 1124 --- -165.8 12 28.3 -174 17 . 050 8
1124 2157 30.0 -175
601 14 220 1045 1300 1045 1128 -165.9 12 28.8 -175 13 .210 8 Record only from 1443 to 1550 due to TCP
1127 1900 Bravo failure. TFR 12-TCP-103242. Com-
puter Alpha not available,
602 14 221 1534 1902 1534 1618 -165.8 12 28.7 -174 7 . 110 8
1618 1902
604 14 223 1123 1425 1122 1210 --- -165.7 12 28.3 -174 7 .200 8
1210 1425 29.2 -174 16
605 14 224 1048 1401 1048 1151 - -166.0 12 29.3 -174 9 .400 8
1150 1401 29.6 -175 16
608 14 227 1048 1604 1048 1137 - -165.5 12 30.2 ~174 9 .400 16 TCP had a program failure. TFR 12-TCP-
1136 1604 30.5 -174 8 100418. Command 3/053 not enabled due to
TCP failure., Command retransmitted when
TCP restart was successful, Data lost will
be reported in monthly report.
611 14 230 1122 1604 1122 1215 --- -166 12 28.3 -174 9 . 090 8
1204 1604 28.2 -174
613 14 232 1103 1930 1103 1200 - -165.5 12 29.7 -169 8 .200 8 Antenna in prelimit - TFR 10021, Master
1154 1930 16 Equatorial was driven in the wrong direction
for acquisition during precals. The M. E.
was returned to correct position.
614 14 233 1052 1853 1052 1138 --- -164 12 30.0 ~169 13 . 150 8 TCP and GOE lost lock at MMSA due to loss
1336 1853 16 of TLM from DSS 14, DSS 14 discovered bad
AIS patch cord.
616 14 235 1504 1920 1504 1552 -—— -166 12 31.4 -174 9 .400 16 Retuned transmitter. Microwave outage
1552 1920 30.2 -174 caused loss of command capability at 15552,
COMM restored. TFR is 103943, TCP lost
W/F sync for 45 seconds. Playback of tape
indicates a short loss of TLM due to micro-
wave outage.
618 14 237 1058 1400 1058 1146 - -165.5 12 28.6 -169 8 .200 8
1144 1400 28.6 16
620 14 239 1055 2159 1055 1138 -166.1 12 27.7 -175 193 .200 8 Type I orientation.
1138 2159 27.6 -175 16
621 14 240 1159 1928 1159 1244 -165.3 12 27.9 -169 13 . 050 8
1244 1928 N/A N/A
623 14 242 1134 1847 1134 1218 - -164.9 12 28.2 ~17% 14 . 080 8 At 1633Z the antenna lost §/C signal due to
1218 1847 N/A N/A 16 pointing errors, TFR 14 ADS-100212. Prob
lem was in the Azimuth Channel of the Auto-
Collimator of the Master Equatorial.
625 14 244 1125 1600 1125 1209 --- -165.3 12 28.6 -174 11 . 100 8
1209 } 1600 2878 | -174 16
626 14 245 1420 1904 1420 1505 --- -165 12 31.5 -174 9 . 060 8
1504 1904 N/A N7& 16
627 14 246 1120 1401 1120 1209 --- -165.8 12 28.6 -174 4 . 070 16
1208 1401 28, 172
628 14 247 1100 1859 1100 1141 - -165.7 12 28.2 -17% 10 . 070 8
1141 1859 N7A N7A 16
629 14 248 1110 1441 1110 1151 - -165.5 12 28.3 -174 8 . 035 8
1151 1441 N/A N7A
634 14 253 1112 1431 1112 1214 - -165.3 12 28.7 ~174 5 ——— 8 PER:
1213 1431 28, -175 16 1157 - Bad
1231 - Bad
1415 - ,022
Went 8 bps at 1245
635 14 254 1212 1559 1212 1303 - ~165.4 12 28.7 -174 7 . 000 8
1302 1559 29.6 -175 L713 16
638 14 257 1118 2201 1118 1213 - -163.3 12 29.5 -174 1n . 025 8 At 1625 DIS Input TTY failed. IMP stopped
1212 2201 28.1 -175 at 1628. DIS input TTY replaced with spare~
IMP started. TFR 14-101586,
At 1628 REC B went ta stop mode: Relay
K-10 was replaced,
641 14 260 1112 1943 1112 1205 -164.5 12 29.1 -174 10 . 070 8
1203 1943
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Table 26 (contd)

P DSS o : End of Ground Mode Signal Configuration
ass ay o Acq. nd ol N Strength T Th: N A Bit
© Start/Stop Time emp res 0. verage i
No No Year Time Track /Stop Avg Loop | Pre/ Pre/ of PER Rate Comments
{dbm) BW Post Post Cmds
1-Way |2-Way [3-Way {Hz) ! (°K) {dbm)
646 14 265 1132 2000 1132 1230 --- -165.5 12 29.7 =174 11 . 200 8 At 1612 TXR kicked off. H,V, cable feeding
1224 1638 N/A N/A Klystron was arcing. Cable repaired,
1639 1824 -
1823 2000
648 14 267 118 2001 1118 1217 —— -165.5 12 28.2 -174 7 .230 8 At 1242 DIS TTY IMP failed.
1216 1541 .- TFR 14~DIS-~101531,
1542 1616 At 1252 TTY changed - IMP became
1615 2001 operational.
At 1541 RCV dropped lock due to beam
current overload kicked off on Klystron
power supply. No reason for drop out.
Retuned and checked gain.
Error rate abnormally high for reported
signal strength.
Klystron creating noise problem during pass,
Subsequently corrected.
675 14 294 1547 2128 1547 1639 -163.3 12 28.0 -173 7 . 080 8 Lost W/F sync throughout pass. TCP or
1636 2128 GOE problem - not known,
TXR power increased tor 15SKW for command
transmission. Replaced computer buffer to
correct W/F sync-investigating command
problem.
677 14 296 1144 2257 1144 1233 -163.3 12 28.17 =172 10 . 080 8 Numerous loss of W/F sync at stations 12/14
1220 2257 - trouble shooting problem. TXR power to
20KW for command transmission. Replaced
computer buffer to correct W/F sync-
investigating command problem,
678 14 297 1253 2257 | 1253 1334 -163,3 12 23 . 100 8 Although 23 commands were transmitted to
1330 2257 §/C. not all commands were effective. Net
control reporting does not reflect which
commands were effective. TCP in and out
of lock many times throughout pass.
683 14 302 1654 2252 1654 2042 ~164.3 1z 27.7 -173 5 N/A Unable to establish uplink on channel 7,
2042 2252 believed to be spacecraft anomaly.
684 14 303 1152 2132 1152 1357 -163.7 12 27.8 -173 11 .032 8 Unable to establish uplink on channel 7.
1351 2132
686 14 305 1155 2248 1155 +62.6 12 27.4 =173 o 0.200 16 Unable to establish uplink on Channel 7.
2248
688 14 307 1159 1800 1159 1246 -163.5 12 28.2 -173 4 Bad 8 Frequent receiver glitches caused bad PER.
1244 1800 Probably due to S/C anomaly.
689 14 308 1159 2244 1159 1342 -163.6 12 28.3 -172 18 Bad 8 Bad PER in both one-way and two-way
1340 1624 0.090 8 coherent modes as result of receiver
2115 1626 glitches. Upon going noncoherent, glitches
2244 2115 stopped and PER became good. Analyzed
Non- by ARC as S/C problem. SDA
coherent reported that SPE was fluctuating from
5 kHz to 20 kHz indicating that Receiver
No. 2 was oscillating.
691 14 310 1214 2242 1214 1932 ~163.1 12 27.8 -173 13 0.038 8 Two commands were rot sent as a result
1932 2242 of microwave line mismatch between DSS
Non- 12 and 14. Project reported that none of
coherent the 13 commands were received by the S/C.
693 14 312 1203 2128 1203 1819 -162.7 12 28.2 -173 13 0.0%0 8 None of the commands were received by the
1819 2128 8/C as a result of S/C anomaly.
Non .~
coheren
695 14 314 1206 2101 1206 1340 +62.7 12 26.9 -172 0 0.076 8 SDA signal strength appeared to be 2. 5 dbm
1340 2101 better than theoretically predicted.
" |N6n-
jcoherent
700 14 319 1212 2015 1212 1315 -162.7 12 30 -173 0 0.038 8
1315 2015
Non-
coherent
701 14 320 1214 2100 1214 1316 ~162.8 12 27.8 -173 1 0.039 8
1316 2100
Non-
coherent
703 14 322 1216 2000 1216 1300 -163,5 12 27.8 -173 0 0.050 8
1300 2000
Non.
coherent
705 14 324 1219 2000 1219 1300 -163.1 12 28 -171 0 0.041 8
1300 2000
Non-
coheren

44 JPL TECHNICAL MEMORANDUM 33-426, VOL. V



Table 26 (conid)

d Mod Signal fi i
Pass %SS Day of Acq. End of stGr::/uSnl ;, < Strgerrl\?;th COHT‘er\:‘?tl‘?;‘hres No Average | Bit
No. 0. i ar op Time .
0, Year Time Track (::rgr;) Loop | Pre/ Pre/ of PER Rate Comments
BW Post Post
1-Way [2-Way [3-way 2y Liow) | idbemy | ©™9°
707 14 326 1230 1500 1230 13158
1315 1500
Non-
coherent
709 14 328 1323 1935 1329 1420 -162.6 12 28.3 ~173 ] 0,039 8 Unable to obtain stable DSIF transmitter
1420 1935 output above 10 kw.
[Norn~
coherent
712 14 331 1230 1845 1230 1348 -163.6 12 28 -172 0 0.099 8
1348 1845
[Non-
coherent
714 14 333 1234 1945 1234 1335 -162.8 12 27.4 -173 G 0.110 8
1335 1945
Non-
coherent
715 14 334 1235 1500 1235 1330 -162.9 12 27.9 -173 [} 0.079 8
1330 1500
Non-
coherent
718 14 337 1250 2000 1250 -162.7 12 28.2 -173 o Record only pass.
2000
721 14 340 1250 1600 1250 1449 -163,4 12 28.8 -173 0 0.070 8
1448 1600
724 14 343 1251 1908 1251 1400 -163 12 27.8 -171 0 0.029 8 Noncoherent tracking mode.
1358 1908
725 14 344 1253 1930 1253 1354 -163 12 26,3 -172 0 0.062 8 Noncoherent tracking mode.
1350 1930
726 14 345 1255 1601 1255 1347 ~162.6 12 27.2 -173 0 0.080 8 Noncoherent tracking mode.
1345 1601
727 14 346 1259 1501 1259 1410 -163 12 28.3 -172 ] 0,080 8 Noncoherent tracking mode.
1408 1501
732 14 351 1305 2001 1305 -163,"7 12 28.2 -173 0 N/A N/A Record only.
2001
734 14 353 1309 2001 1309 1340 -163,5 12 27.5 -172 [} 0.076 8
1340 2001
Non-~
coherent
736 14 355 1313 1500 1313 -163.7 12 27.2 -172 0 0. 100 8
1500
738 14 357 1316 31500 1316 -164.0 12 27.6 -173 [} 0.100 8
1500
739 14 358 1451 2000 1451 -163.7 12 None None | None 0,100 8
2000
741 14 360 1322 1500 1322 -163.5 12 28.3 -173 0. 180 8
1500
742 14 361 1323 1500 1323 -163.4 12 28.1 -173 0.170 8
1500
743 14 362 1325 1505 1325 -163.3 iz 28.8 -172 0.150 8
1505
417 14 001 1336 1511 1336 ~162.9 12 27.4 -172 0
1511
748 14 002 1335 1500 1335 -162.8 12 28.5 «172 ¢
1500
749 14 003 1336 1512 1336 -163.3 12 27,6 -172 0
1512
50 14 004 1337 1514 l]gis‘z -163.3 12 27.6 -174 0 0.300 8
751 14 005 1705 2000 1705 -163.17 12 27.9 -173 0 0.142 8
2000
752 14 006 1342 1951 1342 -164.2 12 26,9 -173 0 0.177 8
1951
756 14 019 1348 1501 1348 -163.5 12 27.6 ~173 ] 2.500 8
1501
57 14 0l1 1349 1501 1349 -164 12 28.8 ~171 0 0.268 8
1501
758 14 012 1350 1500 1350 ~164, 1 12 27.6 -173 0.383 8
1500
N/A Not Applicable
Times are given in Greenwich Mean Time

JPL TECHNICAL MEMORANDUM

33-426, YOL. ¥

45




Table 26 (contd)

Ground Mode Signal Configuration
Pass Dss Day of Acqg. End of - Strength :
No. No, Year Time Track Start/Stop Time A Temp |Thres No. JAverage Bit
(dl;,r%x) Loop | Pre/ Prg/ of PER Rate Comments
- _ . BW Post Post Cmds
1-Way |2-Way |3-Way {Hz} |(°K) (dbm)
759 14 013 1351 2001 1351 -163.9 12 N/A N/A 0.153 8 LC unless indicated-
2001
760 14 015 1725 2001 1725 -163.4 12 26.8 -173 0.250 8 Unable to monitor AGC volts for RCV 1.
2001 RCV 2 was used as prime. Replaced RCV 1
AGC amplifier and filter.
762 14 016 1355 1500 1355 -164.1 12 27.2 -173 0.576 8
1500
763 14 017 1356 1500 1356 -164.3 12 28.3 -173 0.500 8
1500
765 14 019 1454 2200 1454 1600 -165.4 12 27.9 -173 4 0.150 8 LC unless indicated.
1600 2200
766 14 020 1400 2000 1400 1405 -164.9 12 28.5 -173 3 0.273 8 At 1450 bad patch on science data line
1405 2000 through Comm; no data lost,
767 14 0zl 1723 2000 1723 1803 -163.5 12 28.5 -173 2 0.100 8
1803 2000
768 14 022 1602 1840 1602 -163.7 12 28.0 -173 0 0.230 8 Unable to acquire $/C uplink; reason unknown
1840
769 14 023 1604 1840 1604 1703 -163.6 12 28.1 -173 2 0.300 8
1703 1840
771 14 025 1800 2000 1800 1849 -161.5 12 28.9 -173 2 0.020 8 Dual maser operation improved parity error
1849 2000
772 14 026 1752 2000 1752 1810 -161.1 12 28.3 -173 2 0.000 8
1810 2000
773 14 027 1405 2015 1405 ~161.2 12 29 -173 2 0.040 8 LC unless indicated.
2015
774 14 028 1759 2000 1759 ~165.2 12 27.8 -174 0 0.210 8 Dual maser inoperative. TFR 105305. TXR
2000 400 cycle failed prior to pass due to power
fluctuations. TFR 105304. Data not affected
775 14 029 1406 1845 1406 ~164.4 12 28 -173 3 0.210 8
1845
76 14 030 1408 1830 1408 -163.5 12 2 0.318 8 No pretrack or post track calibrations,
1830 noncoherent mode.
777 14 031 1408 1830 1408 -161.4 12 28.2 -173 2 0.030 8
1830
786 14 040 1700 2000 1700 | *1752 -161.2 iz 28.7 -173 2 0.030 8 *Spacecraft noncoherent mode.
1752 2000
787 14 041 1417 2000 1417 *1557 -161.3 12 35.2 -172 4 0.040 8 *Spacecra(t nonchoerent mode.
1557 2000
788 14 042 1513 2001 1815 *1909 -161.2 12 28.5 -172 4] 0.000 8 Spacecraft noncoherent mode at 1610.

1909 2001 Loss of commercial power delayed
acquisition. Parity error of 0.000 based
on one reading.

789 14 043 1615 1900 1615 | *1706 -161.9 12 28.0 -173 2 0.120 8 *Spacecraft noncoherent mode.

1706 1900

790 14 044 1614 1900 1614 *1722 -161.5 12 27.2 -173 2 0.050 8 *Spacec raft noncoherent mode.
1722 1900
791 14 045 1624 1900 1624 *1716 -161.5 12 28.5 -173 4 0.110 8 =e:Spaz:ecraft noncoherent mode,

1716 1900 400-cycle power failure from 1545 to
1633, No data lost.

792 14 046 1612 1900 | 1612 | *1648 -163.3| 12 | 28.5 | -172 4 0.480 8 *Spacecraft noncoberent mode.

1648 1900 Spacecraft age incorrect at 1720 due to
faulty prepass instructions. Prepass
instructions read T2 R2 instead T! Rl
in dual Maser configuration.

794 14 048 1602 1900 1602 *1722 -164.3 i2 26.9 -174 4 Bad 8 Maser 2 inoperative. No linear

1722 1900 polarization mode.

*Noncoherent.
795 14 049 1542 1900 1542 *1751 -165.0 12 29.0 «174 3 Bad 8/16 Maser 2 inoperative. No linear
1900 polarization mode.
*Noncoherent.
798 14 052 1556 1300 1556 #1702 -162.0 12 27.6 -173 4 0.500 3 Dual Maser configuration.
1702 1900 *Spacecraft in noncoherent mode.
799 14 053 1733 1930 1733 *1740 -164.8 12 29.2 -173 2 Bad 8 Maser 2 inoperative. No linear
1740 1930 polarization mode.
*Spacecraft in noncoherent mode.
801 14 055 1530 1900 1530 *1742 -162 12 26.7 -174 2 0.000/ 8 Dual Maser linear configuration.
1742 1900 0.460 *Noncoherent made.
*Noncoherent Mode
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Table 26

P DSS b ¢ Ead of Ground Mode Signal Configuration
ass ay o Acq. nd o ) Strength ¥
i tart/Stop T: Tem Thres No. Average Biu
No. No. Year Time Track Start/Stop Time (3{;’8) Loop Prel; Pre/ of PER Rate Comments
m BW Post Post Cmds
L-Way |2-Way [3-Way (Hz) |(°K) (dbni)
802 14 056 1541 1900 1541 *1700 -161.2 12 ] 26.6 -173 4 0.000/ 8 Dual Maser linear configuration.
1700 1900 0.110 *Yoncoherent mode.
804 14 058 1544 1900 1544 *1731 -164.2 12 27.4 -174 2 0.653/ 8 *Noncoherent mode, standard
1731 1900 0.919 configuration.
Maser 2 down.
805 14 059 16554 1900 1554 *1750 -161.4 12 26.8 -173 2 0.000/ 8 *Noncoherent mode.
1750 1900 0.291 Dual Maser linear configuration.
806 14 060 1542 1900 1542 *1704 -161.2 12 27.6 -173 a4 0.038/ 8 *Noncoherent mode.
1704 1710 0.191 Dual Maser linear configuration.
1710 | *1840 171002 TXR off due to TXR beam
1840 1900 overcurrent.
807 14 061 1621 1900 1621 *1735 -161.0 12 27.5 -173 2 0. 060 8 Dual maser configuration from 1625,
1735 1900
808 14 062 1616 1900 1616 *1728 -161.2 12 27.8 -172 2 0.150 8 Dual maser configuration.
1728 1900
809 14 63 1621 1900 1€7>Z\ *\7%(5) -161.7 12 27.4 ~173 4 0.038 8 Dual maser configuration.
1725 19
812 14 066 1726 2000 1726 -161 12 18.6 1] 0.000 8 Station was advised to track 5/C due to a
2000 Class 3 solar flare, TXR down. Kicking
interlocks.
813 14 067 1456 2000 1456 Ne AGC| 12 0 0. 000 8 Transmitter off due to arcing in 400-cycle
2000 Curve 0.039 motor generator,

184500 - 2245. Communication cable cut by
construction equipment; lost all communica-
tions, Maser 1 down.

814 14 068 1417 2000 1417 -161.7 12 31.6 ~172 0 0.010 8 At 1300, 400-cycle power failed. Power on
2000 again at 1328, This track had numerous
problems with power.
815 14 069 1718 | 2000 zlgég -162.6 | 12 20.8 | -173 0 0.010 8 Ultracone mode. Linear polarization.
816 14 070 1707 2000 1707 -161.5 12 21.0 -173 0 0. 000 8 Linear diplexer configuration. No uplink
2000 indication.
817 14 071 1515 1900 1515 -161.8 12 21.1 -173 4 0. 030 8 Linear diplexer configuration. No uplink
1900 indications.
818 14 072 1528 1900 1528 -162.0 12 20.9 -173 2 0.012 8 At 1605, Demod will not lock up.
1900 Brought up station 12 to support TLM for
Pass 818 and Pioneer VII, Pass 574,
At 184310, TXR off, Lost 400-cycle fan
in power support. Jumpered around inter-
lock for Picneer VII pass.
TFR 105335,
No uplink indications. Linear diplexer con-
figuration.
819 14 073 1523 1900 1523 -161.9 12 28.8 -173 0 0, 000 8 Linear diplexer configuration. At 164800, TXR
1900 power dropped to 8 kw due to problem with
motor-driven attenuator.
At 1703, the transmitter (XMTR) went off.
DSS 12 provided TLM support.
820 14 074 1514 1910 1514 p*1815 -161.9 12 29.9 -173 2 0. 000 8 Linear diplexer configuration.
1815 1910
822 14 076 1532 1900 1532 | % * -162. 0 12 30.2 -172 2% 0.000 3 Commands sent with no uplink indication,
1900
823 14 077 1503 1900 1503 ok 1603 -161.0 12 28.7 -173 6 0. 000 8 Linear diplexer feed.
1603 1900
824 14 078 1607 2000 1507 prx1853 -161.5 12 28.7 -173 4 0. 000 8 Linear diplexer feed.
- 1853 2000
825 14 079 1520 1903 1520 -160.8 12 29.6 -172 2% 0. 000 8 Commands sent with no uplink indication,
1903
826 14 080 1457 1900 1457 ti711 -163.5 12 29.9 -173 6 0.691 8 RCP diplexer configuration,
1711 1900
827 14 081 1445 1900 1445 -161.0 12 30.1 -172 4] 0. 000 8 Linear diplexer feed. At 165230, antenna was
1900 placed in the brake mode for 2 minutes dueto
an unauthorized crane in the area,
829 14 083 1523 2000 1523 (®#x1641 -161.5 12 28.2 -173 4 0. 000 8 ‘At 1619, bad card found in doppler counter.
1641 1732 At 1641, XMTR power unstable to end of track.
1732 1845 Cable arcing. At 1802, station time was found
1845 2000 off by + 2 seconds.
830 14 084 1459 2000 1459 %1720 -161.7 12 29,0 -173 8 0. 000 8
1720 2000

One way only.

Two-way noncoherent Channel 7.
Noncoherent mode Channel 7,
Two-way noncoherent Channel 6,

L EED
& i
3+

#*Noncoherent mode
Note: Unless otherwise indicated, all times are GMT,
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Table 26 (conid)

Ground Mod i i i
Pass DSS Day of | Acq. |End of round Vode S?rgenalth Configuration
No. No. Year Time | Track Start/Stop Time A ng Temp |Thres No. |}Average | Bit
(d\;,r%}) Loop Pre/ Pre/ of PER Rate Cuommoents
- . . BW Post Post Cmds
1-Way 12-Way [3-Way (Hz) |(°K) | (dbm)
831 14 085 1457 2030 i;gg *iggg -160.9 12 29.3 -173 6 0.038 8 P1/WO0/B12 from 1457 to 2030.
1959
2030
832 14 086 1455 1900 iggg *i_slgg -161.4 12 29.2 -173 4 0. 039 8 P1/W0/B12 from 1455 to 1900,
1726
1900
833 14 087 1448 1900 i4gg -163 12 28.6 -173 0 0.038 8 P1/W0/B12 from 1448 to 1900.
9 . At 1519 TDH doppler resolver counter ba.
2. Doppler data bad from 1715 to 1805,
3. At 171930, XMTR off due to overbody curf
rent until remainder of pass.
834 14 088 1453 1900 1453 *1808 -163 12 28.4 -173 2 0. 000 8 P1/W0/B12 from 1453 to 1900.
1808 1856 At 171900, XMTR output power appeared
1856 unstable. Problem in instrumentation
1900 only,
835 14 089 2117 0028 2117 -162.5 12 30.6 -174 [ 0. 076 8 Pi/D1/B12 from 2117 to G028.
0028
836 14 090 1451 2000 *1451 -163 12 29.0 -173 2 0.076 8 P1/W0/B12 from 1451 to 2000,
2000
837 14 091 1441 2000 *1441 -163.2 12 30 -173 2 8 P1/D1/B12 from 1441 to 2000.
2000
838 14 092 1455 2000 1455 -162.7 12 30 -173 0 0. 000 8 P1/D1/B12; from 1455 to 1639
2000 PL/DO/B12; from 1639 to 2000
839 14 093 1456 1900 1456 -162.9 12 49.5 -175 0 0. 000 8 P1/D0/B12; from 1458 to 164733
1900 P1/D1/B12; from 164733 to 1900
Maser | failed at 164733, Switched to
Maser 2 (TFR 105358) 1700; doppler
resolver not operating properly
{TFR 105359},
840 14 094 1459 1900 1459 -162.9 12 28,17 ~113 0 0. 000 8 P1/D1/BiZ; from 1459 to 1900
1900 Maser 1 down at start of pass. ERN
as of 094/1530,
841 14 095 1446 1900 1446 -162.9| 12 18,75 | -175 0 0. 000 8 P1/D0/B12; from 1446 to 1900.
1900
843 14 097 1330 2000 1330 -163.2| 12 | 23.4 -175 0 0. 000 8 P1/D0/B12.
2000
844 14 098 1329 2000 1329 -163.2 12 22.0 -175 0 0. 000 8 P1/D0/B12.
2000
14 14] -162.2 12 22.4 -175 0 0.020 8 Landline link cable cut at Station 1730.
845 14 099 19 2000 2003 Record-only to end of track.
846 14 100 1352 1900 1352 -163.4 12 22,3 -176 0 0. 000 8 P1/D0/B12,
1900
1417 1900 1417 -163 12 29.8 -174 0 0. 000 8 P1/DI/BIZ; from 1417 to 1427.
847 14 1ot 9 1900 P1/D0/B12; from 1427 to 1900,
848 14 102 1345 1900 1345 -163. 3 12 16.7 -176 0 0. 000 8 P1/D0/BI2.
1900
850 14 104 1335 2000 1335 -163. 1 12 19.7 -176 [} 0. 000 8 P1/D0/B12; from 1335 to 2000.
2000
851 14 105 1343 2000 1343 -163. 6 12} 18.4 -176 4 0. 000 8 P1/D0/B12; from 1343 to 2000.
2000
-163. 2 12 19.9 -176 o 0.000 8 P1/D0/B12; from 1639 to 2200.
852 14 106 1639 | 2200 | 1639 Demod bad from 1639 to 1908, Changed at
1908 with Demod scheduled for shipment
to DSS 42,
853 | 14 107 1657 | zo00 | 3657 163,68 12 | 197 | 178 0 0. 000 8 | P1/DO/B1zZ; from 1657 to 2000.
- -175 0 0. 000 8 P1/D0/B12; from 1312 to 1900. Signal
854 14 108 1312 | 1900 | 1312 163 12 | 20 strength low at acquisition, Off 5/C at 1323 to
1900 make checks. At 1341backonS/C with normal
signal level. Test transmitter switched out
and problem cleared,
- 1 . -174 [} 0.076 8 At 1338, switched to Maser 2 since the sig-
8s5 14 109 1310 1923 ig?l_g 163. 2 1 29.6 el lovel was 3 db Tow on Maser 1. 1342 -
1720 {TCP) restarted several times due to
bad science data; cause unknown. P1/D0/B12
from 1310 to 1327. P1/D0/B12 from 1327 to
1329. P1/D0/B12 from 1329 to 1338. P1/
D1/B12 from 1338 to 1923,
- 1 . -176 Q 0.000 8 P1/D0/B12 from 1955 to 0055. Several TCP
859 14 113 1956 0055 1356 162.7 2 19.8 failures.

*Noncoherent mode Channel 7,
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Table 26 (conid)

P DSS b ¢ A End of Ground Mode Signal Configuration
ass ay o. cq. nd o : Strength i
. No. i Start/Stop Time Temp |Thres No. |Average | Bit
Ne. ° Year Time Track (3;'5‘) Loop Pre/ Pre/ of PER Rate Comments
BW Post Post I} .
1-Way [2-Way [3-Way (Hz) | {°K) {dbm) mds
860 14 114 1515 1900 1515 -163.3 12 18.4 -174 0 0. 000 8 P1/D0/B12 from 1515 to 1900. TCP program

1900 hung up several times.

861 14 115 1520 1900 1520 -163.2 12 18.4 -176 o 0. 000 8 P1/D0/B12 from 1520 to 1900. 153500 TCP

1900 halted; reason unknown.

862 14 116 1321 2200 1321 -163.4 12 18.4 -175 ] 0.000 8 P1/D0/B12Z from 1321 to 2200,

2200

864 14 118 1328 2200 1328 -163.5 12 20.0 -175 [ 0. 000 8 P1/D0/B12 from 1328 to 2200.
2200

865 14 119 1321 2200 1321 -163.8 12 20.9 -175 0 0.038 8 P1/D0/B12Z from 1321 to 2200.
2200

866 14 120 1415 1930 1415 ~163.3 12 20.1 -175 0 0. 000 8 P1/D0/B12 from 1415 to 1930,
1930

867 14 121 1323 1700 1323 -163.4 12 17.7 ~175 0 0.000 8 P1/D0/B12 from 1323 to 1930,
1700

869 14 123 1318 1700 1318 -163.3 1z 18.2 -175 0 0. 000 8 P1/D0/B12 from 1318 to 1700,
1700

871 14 125 1252 1730 1252 -164. 4 12z 19. 3 -176 0 0. 000 8 P1/D0/B12 from 1252 to 1730.
1730

872 14 126 1251 2000 1251 -163.9 12 18, 6 -175 0 0. 000 8 P1/D0/BI12 from 1251 to 2000.
2000

873 14 127 1253 1700 1253 ~163.9 12 18.5 -176 0 0. 000 8 P1/D0/B12 irom 1253 to 1700.
1700

874 14 128 1258 1700 1258 -163.7 12 19.2 -176 0 0. 000 8 P1/D0/Bi2 from 1258 to 1700,

1344 At 1345, the commercial power failed and

1517 came back on again at 1346.

1700 At 1512, the 400-cycle motor-generator
sets came back on; continued track.

875 14 129 1248 1700 1248 -163.5 12 18. 6 -176 0 0. 000 8 P1/D0/B12 from 1248 to 1700,

1700

877 14 131 1246 1700 1246 ~164.4 12 18.8 -176 4] 0. 000 8 P1/D0/B12 from 1246 to 1700.

1700 From 1250 through 1606, the engineering
and science data garbled; readjusted cur-
rent level out of comm buffer

878 14 132 1245 1700 1245 -163.8 12 19.3 -176 0 0. 000 8 P1/D0/B12 from 1245 to 1700,

1700

879 14 133 1244 1700 1244 -164 12 18.2 -176 4] 0.038 8 P1/D0/B12 from 1244 to 1700.
1700

880 14 134 1245 1700 1245 -163.4 12 18.4 -176 [ 0. 000 8 P1/D0/BI12 from 1245 to 1700.
1700

881 14 135 1258 1700 1258 -163.4 12 18.6 -176. 0 0. 000 8 P1/D0/BI12 from 1258 to 1700,
1700

882 14 136 1247 1700 1247 -164 12 18.7 ~-176 [} 0. 000 8 P1/D0/B12 from 1247 to 1700.
1700

883 14 137 1241 1700 1241 -163.2 12 19.0 -176 0 0. 000 8 P1/D0/B12 from 1241 to 1700.
1700

885 14 139 1239 1700 1239 -163.4 12 16.7 ~176 0 0. 000 8 P1/D0/B12 from 1239 to 1700.
1700

886 14 140 1238 1700 1238 ~-164 12 17 -176 0 0. 000 8 P1/D0/B12 from 1238 to 1700.
1700

887 14 141 1238 1700 1238 -163.3 12 17 -176 4] 0, 000 8 P1/D0/B12 from 1238 to 1700,
1700

888 14 142 1237 1700 1237 -163.5 12 16.2 -176 0 0. 000 8 P1/D0/B12 from 1237 to 1700.
1700

889 14 143 1237 1700 1237 ~163.6 12 16.6 -176 0 0. 000 8 P1/D0/B12 from 1237 to 1700,

1700 At 1233, the master equatorial torquer
failed, switched antenna to Precision
Mode 2.:

891 14 145 1239 1700 1239 -164.3 12 17.5 -176 [} 0. 000 8 P1/D0/B12 from 1239 to 1700,

1700

892 14 146 1234 1700 1234 -163.8 12 17.2 -176 0 0. 000 8 P1/D0/B12 from 1234 to 1700.
1700

893 14 147 1233 1700 1233 -163.7 12 19.6 «176 0 0. 000 8 P1/D0/B12 from 1233 to 1700,
1700

894 14 148 1233 1630 1233 -163,5 12 17.4 ~176 0 0.000 8 P1/D0/B12 from 1233 to 1630
1630
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Table 26 (contd)

" DSs b P A End of Ground Mode Signal Corfiguration
ass ay o cq. nd of - Strength g .
: 9 i Start/Stop Time Temp |Thres No. Average Bit
No. No. Year Time Track (dAl;/m) Loop | Pre/ Pre/ of PER Rate Comments
BW Post Post Cmds
1-Way [2-Way [3-Way 2y K0 | domy | ot
895 14 149 1232 1700 1232 -163.5 12 18.3 ~176 0 0,083 8 P1/D0/B12 from 1232 to 1318,
1700 P1/D1/B12 from 1318 to 1623, and
P1/D0/BI2 from 1623 to 1700.
Excessive parity error rate. Antenna was
positioned off point at 1343 to trouble~
shoot; back on point at 1358 — no problem
found.
896 14 150 1258 1730 1258 -163.4 12 18 -176 0 0. 000 8 P1/D0/B12 from 1258 to 1730
1730
897 14 151 1406 1730 1406 ~163.5 12 17.1 -176 0 0.076 8 P1/D0/B12 from 1406 to 1730,
1730
899 14 153 1251 1730 1251 -163.7 12 17.6 -176 0.000 8 P1/D0/B12 from 1251 to 1730.
1730
900 14 154 1245 1730 1245 -163.6 12 18.4 -176 0.000 8 P1/D0/B12 from 1245 to 1730.
1730
901 14 155 1229 1600 1229 -163.2 12 17.7 -176 0.000 8 P1/D0/B12 from 1229 to 1600.
1600
902 14 156 1232 1700 1232 -164.1 12 18.2 -176 0.000 8 P1/D0/B12 from 1232 to 1700.
1700
903 14 157 1228 1700 1228 -163.3 12 19.4 ~-176 0.000 8 P1/D0/B1Z from 1228 to 1700.
1700
904 14 158 1227 1700 1228 -164.4 12 18.5 -176 0.000 8 P1/D0/B12 from 1227 to 1700.
1700
906 14 160 1227 1700 1227 -163.2 12 18.8 -176 0 0.000 8 P1/D0/B12 from 1227 to 1700.
1700 TXR down.
907 14 161 1226 1700 1226 -163.8 12 18.4 -176 4] 0.000 8 P1/D0/B12 from 1226 to 1700.
1700
908 14 162 1227 1630 1227 -163.7 12 18.6 -176 0 0.000 8 P1/D0/B12 from 1227 to 1630.
1630
909 14 163 1226 1730 1226 -163.5 12 18.8 -176 ] 0.000 8 P1/D0/B12-from 1226 to 1730.
1730
910 14 164 1438 1830 1438 -163.3 12 18.4 -176 0 0.000 8 P1/D0/B12 from 1438 to 1830.
1830
911 14 165 1225 1730 1225 -163.7 12 18.4 -176 [4] 0.000 8 P1/D0/B12 from 1225 to 1730.
1730
913 14 167 1401 1730 1401 -163 12 29 -174 0 0.000 8
1730
914 14 168 1354 1730 1354 -162.9 12 30 -174 1] 0.000 8
1730 -
915 14 169 1225 1600 1225 -163.3 12 18 -176 0 0.000 8
1600
917 14 174 1227 1730 1227 -163 12 30.8 -174 0 0.000 8
1730
918 14 172 1225 1730 1225 -163.1 12 29.4 -174 0 0.000 8
1730
920 14 174 1225 1730 1225 -162.2 12 29.8 -173 [4] 0.070 8 P1/D1/B12 from 1225 to 1730.
1730 Maser 1 warm.
921 14 175 1225 1730 1225 -163.3 12 18.4 -176 4] 0.000 8 P1/D0/B12 from 1225 to 1730.
1730
922 14 176 1225 1600 1225 -163.2 12 17.5 -176 0 0.000 8 P1/D0/B12 from 1225 to 1600.
1600
923 i4 177 1225 1730 1225 -163.5 12 17.4 -176 0 0.000 8 P1/D0/B12 from 1225 to 1730.
1730
924 14 178 1226 1730 1226 -163.5 12 17.9 -176 0 0.000 8 P1/D0/B12 from 1226 to 1730.
1730
925 14 179 1225 1730 1225 -163.2 12 17.5 -176 0 0.000 8 P1/D0/B12 from 1255 to 1730.
1730
927 14 181 1746 2130 1746 -162.8 12 16.9 -176 0 0.039 8 P1/D0/B12 from 1746 to 2130.
2130
928 14 182 1225 1730 1225 -163.2 12 17.1 -178 0 0.000 8 P1/D0/B12 from 1225 to 1730.
1730
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“NGTH, dBmW

PREDICTED CARRIER SIGNAL STRENGTH, dBmW
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2. Uplink. Uplink communication, as noted, proved
unsatisfactory after February because of a failure in the
spacecraft preventing use of channel 7 and the insuffi-
cient strength of the channel 6 low-gain antenna. Fig-
ures 31 through 34 illustrate uplink signal strength
during the periods when uplink was accomplished and
reported.

Signal strengths for DSS 14 during August are plotted
in Fig. 31. The data lies in a bandwidth within =2 dBmW
of —137 dBmW. (Uplink signal strength for channel 7,
then in use, had an average maximum of ~137 dBmW.)
Included in Fig. 31 is a plot of ground transmitter power
as reported by the posttrack reports. During this time,
passes 604, 605, and 608 were special uplink test passes
for which the transmitter power was increased from the
normal 10 to 20 kW. The average signal strength was
—140 dBmW with the automatic gain control.

Passes 646 and 648 (September) were special com-
munications processor tests employing channel 6 and
receiver 1 (Fig. 32). The lower uplink signal strength,
—142 dBmW, was consistent with the use of the low-
gain antenna by receiver 1, channel 6. (The uplink signal
strength for channel 6 normally had an average maxi-
mum of —136 dBmW for 20 kW ground transmitter
power.) Use of channel 6 and the low-gain antenna,
noted previously, later became a necessity.

During the final three months of 1967, an average up-
link signal strength of —134 dBmW was recorded for
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channel 6, receiver 1 with 20 kW of ground transmitter
power. This was about 5 dBmW less than recorded in
previous months for channel 7, receiver 2 with 10 kW of
transmitter power. This indicated that the low-gain an-
tenna of receiver 1 provided a signal roughly 8 dBmW
below that of the high-gain antenna used by receiver 2.

During ]ahuary and February, transmitter power of
20 kW was used for all two-way noncoherent tracking.
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An uplink signal strength of —144 dBmW was recorded
for each two-way noncoherent pass during January. The
uplink signal was noisy and erratic during February
(Fig. 34) compared with January, when all points fell on
the —144 dBmW line.

3. Percent in-lock vs actual scheduled. Table 27 pre-
sents the overall actual minutes of radio frequency
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Table 27. Tracking in-lock vs actual and scheduvied

Subsystem summary Time, min Percentage
Passes 595-623

Scheduled 6092 100.0

Actual 6267 102.9

Transmitter on 6087 97.12

Receiver in-lock 6193 98.82

(one- and two-way)

Good tracking data 5280 84.32
Passes 625-648

Scheduled 4346 100.0

Actual 4019 92.5

Transmitter on 3732 92.98

Receiver inock 3964 98.62

(one- and two-way)

Good tracking data 3173 79.02
Passes 747-777

Scheduled 4005 100.0

Actual 4587 114.5

Transmitter on 2842 61.92

Receiver in-lock ) 4587 99.92

(one- and two-way)

Good tracking data 3958 86.22
2The indicated percentages are calculated with the actual time
used as a reference.

tracking vs minutes scheduled, plus the percentages of
requirement fulfilled and the good data for several pass
periods. During passes 595 through 623, 84% of all
tracking data was good. The quality of the remaining
16% was degraded or lost because of the long RTLT
and teletype outages. During that period, nearly 27 min
was required to lock the receiver in two-way mode,
resulting in at least 27 min of bad data per pass. During
some passes, DSS 14 extended spacecraft interrogation
beyond tracking commitment; actual minutes of tracking
exceeded the scheduled time.

E. Parity Error Rate

Average parity error and bit rates for DSS 14 are given
in Tables 28 through 31. Figures 35 through 42 are plots
of parity error rate vs downlink signal strength and day of
year. (A parity error rate of 0.116 was equivalent to one
error in 1000 consecutive bits of information and was
regarded as the limiting value for the uncoded and
convolution-coded unit modes of information.)
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Table 28. Parify error rate,® passes 595623, DSS 14

Predicted down-

Receiver signal

Parity error

Table 29. Parity error rate,” passes 625-649, DSS 14

Pass Day link signal strength (aver- | rate (average),?
strength (aver-
age), dBmW age), dBmW 8 bits/s
595 214 —165.6 —165.4 0.07
597 216 —165.6 —165.8 0.17
599 218 - 165.7 —166.3 0.10
600 219 —165.7 ~165.9 0.12
601 220 —165.7 —166.5 0.15
602 221 —165.7 —165.8 0.
604 223 —165.8 —165.6 0.21
605 224 —165.8 —165.9 0.41
608 227 —165.9 —165.3 0.26
611 230 —165.9 —165.3 0.14
613 232 —165.9 —165.7 0.16
614 233 ~165.9 —164.6 0.14
616 235 —166.0 —166.2 0.17
618 237 ~166.0 —165.9 0.22
620 23¢9 —166.0 —166.7 0.10
621 240 -~ 166.0 —165.6 0.04
623 242 -166.0 —165.3 0.09

Predicted down-

Receiver signal

Parity error

link signal
Pass Day strength (aver- strength (aver- | rate (average),?
age), dBmW age), dBmW 8 bits/s

625 244 —166.0 -~ 165.5 0.08
626 245 —166.0 —165.5 0.04
627 246 - 166.0 ~165.8 0.08"
628 247 —166.0 —165.7 0.05
629 248 —166.0 —166.2 0.03
630 249 —166.0 Unscheduled pass

634 253 —166.0 —164.8 0.040
635 254 —166.0 ~165.2 0.00
638 257 —166.0 —164.3 0.03
641 260 -—166.0 —165.4 0.07
646 265 - 166.0 — 1654 0.08
648 267 —165.9 —166.6 0.14
649 268 —165.9 Unscheduled pass

aBandwidth = 12 Hz.

bParity error rate is calculated only for the time interval extending
from 3 h before until 3 h after time of maximum elevation of the
spacecraft. It is averaged from ARC plots.

aBandwidth = 12 Hz.

bParity error rate is calculated only for the fime interval extending
from 3 h before until 3 h after fime of maximum elevation of the
spacecraft. It is averaged from ARC plots.

JPL TECHNICAL MEMORANDUM 33-426, VOL. V

55




Tablie 30. Parity error rate,* pusses 747777, DSS 14

Table 31. Parity error rate,® passes 786--806

Predicted down- . . .
o | ooy | st | S| peter
strength (aver- g6)r
age), dBmW age), dBmW 8 bits/s

786 040 —166.04 —161.23 0.032

787 041 —166.05 - 161.39 0.040

788 042 —166.05 —161.43 0.000

789 043 —166.06 —161.72 0.120

790 044 —166.07 —161.58 0.050

791 045 —166.08 —~161.45 0.110

792 046 —166.09 —163.10 0.480

794 048 —166.12 —164.30 Bad

795 049 ~166,13 —164.92 Bad

798 052 —166.15 —161.90 0.500

799 053 - 166.17 —164.80 Bad

801 055 —166.19 —162.95 0.230

802 056 ~166.20 —161.20 0.055

804 058 —166.23 —164.20 0.760

805 059 —166.24 —163.40 0.145

806 060 —166.24 —161.32 0.113

aBandwidth = 12 Hz.

bParity error rate is calculated only for the time interval extending

from 3 h before until 3 h after time of maximum elevation of the
spacecraft. It is averaged from ARC plots.

Predicted down-
link signal Receiver signal Parity error
Pass Day strength (aver- strength (aver- | rate {average),®
age), dBmW age), dBmW 8 bits/s
747 001 —165.6 —162.8 No data
748 002 —165.6 —162.8 No data
749 003 —165.6 —163.3 No data
750 004 —165.6 —163.3 0.300
751 005 —165.6 —163.7 0.142
752 006 —165.6 —164.2 0.177
756 010 —165.7 —163.5 0.500
757 on —165.7 —164.5 0.268
758 012 —165.7 —164.1 0.383
759 013 —165.7 —163.9 0.153
760 014 —165.7 —163.4 0.250
762 016 —165.7 —164.1 0.576
763 017 —165.7 —164.3 0.500
765 019 —165.8 —165.4 0.150
766 020 —165.8 —164.9 0.273
767 021 —165.8 —163.5 0.100
768 022 —165.8 —163.7 0.230
769 023 —165.8 —163.6 0.300
7 025 —165.9 —-161.5 0.020
772 026 —165.9 —161.1 0.000
773 027 —165.9 —161.2 0.040
774 028 -165.9 —165.2 0.210
775 029 —165.9 —164.4 0.210
776 030 —165.9 —163.5 0.318
777 031 —165.9 -161.4 0.030
aBandwidth = 12 Hz.
bParity error rate is calculafed only for the fime interval extending
from 3 h before until 3 h affer fime of maximum elevation of the
spacecraft. It is averaged from ARC plots.
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F. Predicted Frequency Performance

Pertinent information on channel 6 best-lock rest fre-
quency is illustrated in Figs. 43 and 44. No data is
presented after November 1967 because tracking was in
noncoherent mode. Figures 45 and 46 present channel 7
best-lock rest frequency information, which was no
longer received after October 1967. Figures 47 through
53 present auxiliary oscillator information through June
1968,

G. Interim Monitor Program Mean Residuals

Figures 54 and 55 are plots of the mean residuals
printed out by the Interim Monitor Program (IMP), used
to predict trajectories on a one-way mode, as a function
of pass number. The data is printed out in real-time on
a typewriter by the IMP at the ground station. For one-
way tracking, the IMP computes the difference of the
observed (O) one-way doppler frequency and the pre-
dicted (P) one-way frequency and prints out the mean
for a prescribed sample interval as a function of GMT
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during the pass. Figure 54 shows that the auxiliary oscil-
lator has changed from approximately +100 Hz to
+400 Hz for the report period, December 1967. The
slope, about +26.5 Hz per day, is an indication of the
rate at which the oscillator changed frequency. Each
value (Fig. 55) is an average for the pass of the mean, X,
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calculated by the program for each sample interval and
printed out as a function of GMT, e.g.,

_X— = [2 (boi - Dm‘):l / 7

where D,; = observed doppler and D,; = predicted
doppler. The slope of the curve, +16 Hz per day, indi-
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cates the rate at which the frequency of the driver
oscillator changed. The plot indicates that this value
followed the predicted curve rather well in January 1968.

H. Predicts and Commands

Predicts generated for Pioneer VI to July 1, 1968, are
presented in Table 32. The cumulative total of com-
mands transmitted to Pioneer VI at the end of June 1968
was 5319. A total of 832 commands were transmitted
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Table 32, Prediction summary, DSS 14

Ground trans-
Auxiliary

i mitter synthe-
Predict oscillator ' . "y Coverage Sample
No.2 sizer fre- rate, s
frequency, MHz quency,> MHz
68B 2292.052500 21.988880 7/1-8/1/67 900
69A 2292.052940 21.985360 8/8-8/18/67 600
69B 2292.053300 21.988885 8/1-9/1/67 900
70A 2292.052900 21.985362 9/1-10/1/67 900
708 2292.052900 21.988885 9/1-10/1/67 900

71A 2292.052800
718 2292.052800
72A 2292.052250 21.98534000
73A 2292.051336 21.98532800
74A - -

21.98535500
21.98887000

10/1-11/1/67 | 900
10/1-11/1/67 | 900
11/1-12/1/67 | 900
12/1/67-1/1/68 | 900
1/1-2/1/68 | 900
2/1-3/1/68 | 900
2/1-3/1/68 | 900
3/1-4/1/68 | 900
3/1-4/1/68 | 900
4/1-5/1/68 | 900
4/1-5/1/68 | 900
5/1-6/1/68 | 900
5/1-6/1/68 | 900
6/1-7/1/68 | 900
6/1-7/1/68 900

75A 2292.050680

758 2292.05068000
76A 2292.05116000
76B 2292.05116000
77A 2292.05170000
778 2292.05170000
78A 2292.05260000
788 2292.05260000
79A 2292.053400

798 2292.053400

21.98531900
21.98879800
21.98532500
21.98881000
21.98533100
21.98882600
21.98533100
21.98882600
21.985331

21.988826

aA = channel 6; B = channel 7.

bFor best lock at zero doppler.

during this reporting period; attempts to transmit com-
mands were abandoned after pass 837 at the end of
March and were not resumed during the remainder of
the period of this document. Previously, on pass 620 in
August 1967, a total of 193 commands had been trans-
mitted during a special orientation test (type II).

Before cessation of transmitting efforts, there were dif-
ficulties that periodically prevented command transmis-
sion. The history of these problems was given earlier.
Commands by pass and day are presented in Table 26.

I. Pass Chronology

Tracking periods covered are identified by pass num-
ber, which is the number of times since launch that the
spacecraft has been above the horizon of a particular sta-
tion. Unless otherwise noted, the following entries refer
to DSS 14.
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Pass 567. Invalid hour-angle and declination readouts
were caused throughout the pass by failure of the master
equatorial at 1120,

Pass 573. The microwave line at DSS 12 was inadver-
tently disconnected, and a command did not reach the
spacecraft.

Pass 575. This was a special unscheduled pass tracked
by DSS 14 in addition to the regular scheduled tracking.

Pass 577. The tracking data indicated erroneous data
condition code for 1 h 32 min, starting at 1038. The
doppler column showed destructive count from begin-
ning of track time until 1155 for the same pass.

Pass 580. A successful communications processor test
was conducted using a new Pioneer operational com-
puter program. :

Pass 581. The TCP was unable to lock at 1102 at
DSS 12, and 47 min of data was lost. The spacecraft was
in duty cycle store.

Pass 584. The GOE at DSS 12 was unable to lock up
the demodulator when the spacecraft was in one-way
mode; 49 min of data was lost. The reason was not
known.

Pass 585. Engineering data was missed at the begin-
ning of the pass at DSS 12. The telemetry was transmit-
ted upon completion of the track.

Pass 588. At 1736, a command was transmitted 1 s fate.

Pass 591. At 1306, a command, transmitted just 1 min
after the transmitter was turned on, was unable to reach
the spacecraft. At 1400, DSS 14 reported a bit error rate
greater than 1.0 at 16 bits/s. At 1350, the demodulator
broke lock for 5 min and returned to help TCP lock.

Pass 592. The parity error rate recorded high; possibly
this was the result of a Project delay in sending a com-
mand to lower bit rate from 64 to 16 bits/s. The parity
error rate for all passes at 16 bits/s recorded high.

Pass 593. The transmitter klystron was detuned, delay-
ing spacecraft acquisition time by approximately 7 min.

Pass 595. Recorded 2 h 40 min of extra one-way data.
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Pass 601. The communications buffer failed at 1357.
At 1404 the beta computer failed, and at 1440 the alpha
computer was switched in. By 1550, the beta computer
had been repaired; the TCP locked in at 8 bits/s at 1628.

Passes 604, 605, and 608. Special uplink power tests
were held to measure the effect upon the ground station
automatic gain control of 20-kW power (normally 10 kW)
of the transmitter subsystem.

Pass 614. Two command numbers, 027 and 060, were
not received by the spacecraft. At 1600, there was loss
of telemetry as the result of a bad AIS patch cord.

Pass 616, At 1555, microwave link 10 between DSS 12
and DSS 14 failed, necessitating a switch at the commu-
nications center to line 7. A short loss of telemetry oc-
curred. At 1713, the TCP lost W/F sync for 45 s,

Pass 620. A special test to orient the spacecraft so that
the spacecraft high-gain antenna faced the earth was
made. During this pass, 193 commands were transmitted
to the spacecraft.

Pass 623. At 1634, the antenna lost the spacecraft signal
because of pointing errors resulting from a malfunction
in the azimuth channel of the autocollimator associated
with the master equatorial. Tracking was intermittent.

Pass 634. The parity error rate was bad at 1157 and
1231 and was 0.022 at 1415. The bit rate went to 8 bits/s
at 1245.

Passes 646 and 648. These were special communica-
tions processor test passes employing channel 6 trans-
mitter at 20 kW. Several VCO frequencies were used.

Pioneer VI was not tracked between passes 648 and
675, September 24 through October 21, since DSS 14
was closed down for modification of equipment for sup-
port of Mariner Venus 67 encounter activities.

Pass 675. Word/frame sync was lost throughout the
pass. This was a TCP or GOE problem, with the cause
unknown. Transmitter power was increased to 15 kW for
command transmission. The computer buffer was re-
placed to correct W/F sync. The command problem was
investigated.
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Pass 677. There were numerous losses of W/F sync at
DSS 12 and DSS 14, a trouble-shooting problem. The
transmitter power was 20 kW for command transmission.
The computer buffer was replaced to correct W/F sync.
The problem was investigated.

Pass 678. Although 23 commands were transmitted to
the spacecraft, not all commands were effective. Net-
work control reporting does not reflect which commands
were effective. The TCP was in and out of lock many
times throughout the pass.

Passes 683, 684, 686. Uplink control could not be estab-
lished on channel 7. The problem was believed to be a
spacecraft anomaly.

Pass 688. Frequent receiver glitches, probably the re-
sult of a spacecraft anomaly, caused bad parity error rate.

Pass 689. There was bad parity error rate in both one-
and two-way coherent modes as a result of receiver
glitches. Upon going noncoherent, the glitches stopped
and the parity error rate was good. This was analyzed
by ARC as a spacecraft problem. Systems Data Analysis
(SDA) group reported that static phase error (SPE) was
fluctuating from 5 to 20 kHz, indicating that receiver 2
was oscillating.

Pass 691. Two commands were not sent because of
microwave line mismatch between DSS 12 and DSS 14.
Project reported that none of the 13 commands were
received by the spacecraft.

Pass 693. None of the commands were received by the
spacecraft because of spacecraft anomaly.

Pass 695. The Systems Data Analysis group calculated
that the signal appeared to be 2.5 dBmW better than
theoretically predicted.

Pass 709. Stable DSIF transmitter output abové 10 kW
could not be obtained.

Passes 718 and 732. These were record-only passes.

Passes 724, 725, 726, 727. These passes were in the
noncoherent tracking mode.
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Pass 760. Receiver 2 was used as prime because auto-
matic gain control volts for receiver 1 could not be moni-
tored. The receiver 1 AGC amplifier and filter were
replaced.

Pass 766. At 1450, there was a bad patch on the sci-
ence data line through communications, but no data was
lost.

Pass 768. Spacecraft uplink could not be acquired; the
reason was not known.

Pass 769. Dual maser operation improved the parity
error rate.

Pass 774. The dual maser was inoperative. The 400-Hz
transmitter failed prior to the pass because of power
fluctuations. The data was not affected.

Pass 788. Loss of commercial power delayed acquisi-
tion. There was a parity error rate of 0.000 based on one
reading.

Passes 790 and 791. DSS 14 performed special tests on
newly installed ground operating equipment, and the
data from DSS 14 GOE was transmitted to SFOF for
evaluation purposes only. The data from DSS 12 re-
mained prime.

Pass 806. The transmitter was off at 1710 because of
transmitter beam overcurrent.

Pass 812. DSS 14 was advised to track the spacecraft
because of a Class III solar flare.

Pass 813. The transmitter was off because of arcing in
the 400-Hz motor generator. The communication cable
was cut by construction equipment, and communication
was lost from 1845 to 2245. (DSS 14 had verbal instruc-
tions to peak the cone twice each hour. As part of the
peaking action, the dBmW readings were dropped by a
factor of 2.)

Pass 814. The 400-Hz power failed at 1300 and was
off for 28 min. There were other power problems during
the track. (In order to investigate the 400-Hz motor gen-
erator problem that arose during pass 813, the station
was requested to turn the transmitter on at 10 kW and
then increase the power slowly to 18 kW.)
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Pass 818. At 1605, the demodulator would not lock up.
Station 12 was brought up to support telemetry. At 1845,
the power support of the 400-Hz fan was lost.

Pass 820. DSS 14 acquired the spacecraft in two-way
noncoherent mode on channel 6, then switched to chan-
nel 7 at 1620. The spacecraft was acquired on channel 7
spacecraft receiver 2 at 1815 as indicated by an uplink
signal strength of —144 to —140 dBmW.

Pass 822. On this pass and subsequent passes, the sta-
tion acquired the spacecraft on channel 7 receiver 2 in
two-way noncoherent mode.

Pass 827. The antenna was placed in brake mode at
1652:30 for 2 min because of an unauthorized crane in
the area.

Pass 829. At 1619, a bad card was found in the doppler
counter. From 1641, the transmitter power was unstable
to the end of track because of cable arcing. The station
time was found to be off by plus 2 s at 1802.

Pass 833. Doppler data was bad from 1715 to 1805.
From 1719:30 through the remainder of the pass, the
transmitter was off because of overbody current.

Pass 845. A communications cable to DSS 14 was inad-
vertently cut. This caused a loss of real-time data; how-
ever, all data was recorded on tape.

Pass 852. Approximately 1 h 50 min of real-time data
was lost, and during passes 855 and 860 a smaller
amount of data was lost. During these passes, the TCP
program halted and had to be restarted many times in
order to correct the data format. The problem appeared
to be intermittent. A bad connector was replaced, but
the investigation continued.

Pass 874. A commercial power faijlure caused 1 h
33 min of lost data. The loss of power caused an over-
load relay in the 400-Hz motor generator circuit to open;
the problem was corrected by an electrician.

Pass 877. The real-time engineering and science data
was garbled because of low line current, but all of the
data was recorded on magnetic tape. The problem was
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corrected by readjusting the current from the communi-
cations buffer.

Pass 889. The master equatorial torquer failed. Imme-
diately following this failure, the antenna was switched
to precision mode 2, which bypassed the master equa-
torial torquer and enabled the antenna to be driven di-
rectly, Acquisition was delayed approximately 6 min.

Pass 895. Fifteen min of data was lost when the an-
tenna was positioned at zenith for signal variation check.
However, no problem was discovered, and the antenna
was returned to spacecraft point without further incident.
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Passes 920, 921, and 923. DSS 14 had intermittent
warmups on masers 1 and 2; each time the masers were
purged and cooled down. All problems were traced to a
contaminated helium bottle.

Pass 928. DSS 14 experienced two problems: (1) Re-
ceiver 1 failed to maintain lock in the 12-Hz tracking
loop bandwidth; this was corrected by rephasing the ref-
erence loop. (2) A loss of telemetry to the demodulator/
synchronizer occurred; the telemetry was restored by
replacing a blown fuse in the telemetry and command
data rack.
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Part 1V. Extended Flight Phase, Third Annual Period

(July 1, 1968 —

I. Introduction
A. Support Summary

The successful support of Pioneer VI by the DSN dur-
1g e period from July 1, 1968 to July 1, 1969 included
spacecraft solar occultation and full superior conjunc-
»n with the sun. Solar occultation began November 21,
68 and ended November 25, 1968. The capabilities of
s 88 14 210-ft-diam antenna were required from
tober 20 to December 20 for the experiment. Support
problems for the network were caused by commitment
of DSS 14, which alone tracked Pioneer VI, to support
an Apollo project, by rework on the antenna’s main bear-
ing checks of low-film height, and by the installation of
equipment to enhance a Mariner 1969 occultation experi-
ment. These occurrences were in 1969.

When the annual report period began, the Pioneer VI
spacecraft was some 293 million km from earth, the
greatest distance of separation thus far reached. At
the end of the period, the spacecraft was some 283 mil-
lion km from earth. Transmission of commands to the
spacecraft was resumed in September 1968. Efforts to
send commands had ceased in March 1968 because the
high-gain antenna aboard the spacecraft could not be
employed and because of the distance of the spacecraft
from earth.
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July 1, 1969)

B. Solar Occultation

The spacecraft probe’s orbit resulted in a line of sight
from the probe to the earth that caused the RF signal to
pass through the solar corona and to be occulted by the
sun during the second half of November 1968. The polar-
ization of the spacecraft probe was linear; it was spin-
stabilized with respect to the plane of the ecliptic.
Measurement was made of the plane of polarization of
the signal received from the spacecraft. Faraday rotation
produced by the interaction of the RF signal with the
solar corona was inferred from the measurements.

1. Experiment. The modified multifrequency cone
was reinstalled on the 210-ft antenna at the Mars station
on September 18. These modifications permitted closed-
loop tracking of the angle of the plane of polarization.
The initial installation permitted manual positioning of
the polarizer and the obtaining of an error signal. Ini-
tially, data was taken manually. The plane of polarization
was deduced by observation of the time-of-error-signal
zero crossing for a given position of the polarizer. On
October 26, the polarization servo tracking loop was
closed and autotracking data of the plane of polarization
of the signals received from Pioneer VI was obtained.
During this time, the effects of the diurnal variations of
the earth’s ionosphere were clearly observed.
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On November 4, for a period of 2 h, normal polariza-
tion, which was approximately 97 deg (due to the com-
bination of the spacecraft’s orientation of 90 deg to the
plane of the ecliptic and the earth’s ionospheric effects
of approximately 7 deg), swung dramatically to approxi-
mately 65 deg. This event occurred when the line of
sight to the spacecraft was at approximately 10 solar
radii from the limb of the sun. As the line of sight ap-
proached the solar limb, a steady-state rotation appar-
ently occurred.

The last signals were obtained as the line of sight
approached the sun on November 17. The solar side
lobes caused large increases in system temperature at the
same time the solar corona caused spectral broadening.
These two effects made it impossible to track any fur-
ther. From November 21 to 25, the spacecraft was
physically occulted by the sun. It was not possible to
reacquire the space signal until November 29. From
November 29 through December 8, the spacecraft was
again tracked. The experiment was terminated on
December 8.

2. Trajectory results. Trajectory results for the solar
occultation are summarized in Figs. 56 and 57. Fig-
ure 56 plots the sun-earth-probe angle vs time during
November. The sun-earth-probe angle is given in de-
grees in the trajectory period, but in Fig. 56 a kind of
normalized angle is shown. This angle is the ratio of the
sun—earth-probe angle to the sun-earth-limb of sun
angle. Occultation occurred at the times that the curve
crosses the value 1.0. The solar radius and sun-earth
distance used to determine the sun-earth-limb of sun
angle are 0.695 X 10¢ and 150 X 10° km, respectively.
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Fig. 56. Solar occultation plot
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Fig. 57. Movement of Pioneer Vi behind solar
disk during November 1968

These result in a solar angular semidiameter of 0.27 deg.
(Sun—earth-limb of sun angle, solar angular semidiameter
at earth, and angle subtended at earth by one solar
radius are the same.)

In Fig. 57, the solar occultation of the spacecraft is
shown in a more geometric way. The circle represents
the disc of the sun, and the line and time dots repre-
sent the progress of the spacecraft into and out of occul-
tation. The point of view is that of an observer at earth
looking toward the sun along the sun-earth line. The
quantity plotted radially in Fig. 57 is essentially the sun—
earth-probe angle, but again normalized by dividing by
the solar angular semidiameter.

C. Solar Activity

Solar activity was at a high level during most of
March 1969, with numerous small flares occurring. There
were several active regions capable of producing major
flares under the surveillance of satellites and observers
on earth.
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On March 30, after the most active of these regions
had rotated behind the west limb of the sun and could
no longer be observed from earth, there occurred the
largest 10-cm radio burst in the corona ever recorded by
terrestrial radio telescopes. Within about 2 h, cosmic-
ray instruments aboard earth satellites and Pioneers VI,
VIII, and IX were recording a marked increase in the
intensity of low- and high-energy protons. From these
measurements, it was assumed that a large solar proton
flare had occurred on the backside of the sun. During
this time, neutron monitors on earth showed a slight
enhancement with gradual onset, so the effects at the
earth’s surface were slight. About a day later, cosmic-ray
instruments aboard Pioneer VII showed increases in
intensity.

The energy particle detectors aboard earth satellites
and Pioneers VIII and IX began indicating reduced in-
tensity within a few days after the March 30 event, and
by April 5 the readings of those aboard Pioneers VI and
VII began to subside. During the period from March 31
through April 9, solar activity on the visible side of the
sun, as recorded by terrestrial observatories, was at a
very low level, with only minor subflares reported.

By April 10, the active region which had produced the
earlier proton flare had rotated on the far side of the sun
to a position about 20 deg behind the east limb. On this
date, it again erupted, producing a large proton flare.
Within a half hour, cosmic-ray intensities recorded by
Pioneers VI and VII jumped by more than an order of
magnitude, but the instruments aboard Pioneers VIII
and IX and those at earth showed essentially no change.

li. Engineering and Operations
A. Tracking

Pioneer VI was tracked by DSS 14 for a total of 1251 h
13 min during the period from July 1, 1968 to July 1,
1969 (passes 929 through 1292). The tracking time by
warter was as follows:

Tracking period Passes Total tliicmkiﬁg time,
Jul, Aug, Sep 1968 929-1020 375:40
Oct, Nov, Dec 1968 | 1021-1107 357:25
Jan, Feb, Mar 1969 | 1138-1202 183:55
Apr, May, Jun 1969 | 1204-1292 334:13
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During the months of August 1968 and March 1969,
tracking was in excess of the time scheduled. The per-
centages were: August 100.30; March 102.32; and
April 103.66.

Open-loop recording began on pass 1065 during
November, at the request of the Pioneer occultation ex-
perimenters. DSS 14 was unable to acquire the spacecraft
on passes 1077 through 1079 because of the superior
conjunction. Solar activity in the vicinity of Pioneer VI
affected passes 1267, 1268, and 1269. On pass 1267, three
severe jumps occurred in the doppler data; no anomaly
was located at the station. On pass 1268, blunder points
still appeared in the doppler data. The station equip-
ment was rechecked, but no anomaly was found. On
pass 1269, four blunder points were recorded in the dop-
pler data. The solar activity still existed in the Pioneer VI
area, but the intensity was low.

B. Significant Problems and Improvements

Engineering improvements during the reporting period
included installation of a second autocollimator, the re-
placement of the S-band Cassegrain ultracone with an
S-band multiple frequency (SMF) cone, and the develop-
ment of a means to reduce high noise in the metric data.

Installation of the autocollimator was completed dur-
ing September 1968. (The autocollimator operated in the
manner of an optical tracking device by taking a beam
of light and generating error signals. These error signals
were fed into the antenna servoelectronics, moving the
antenna to a no-error position between the antenna and
master equatorial.) The SMF, also installed in September,
was capable of simultaneously transmitting and receiv-
ing orthogonally cross-polarized linear signals while
maintaining a low system noise temperature, approxi-
mately 22°K (Fig. 58). This capability was referred to
as mode 1. When the SMF was in the matched linear
polarized mode, using the diplexer, the system noise was
approximately 31°K. This capability was referred to as
mode 2. The SMF could use other modes, but they were
not applicable to Pioneer support.

When the source of high noise in the metric data was
diagnosed to be from a 1-MHz cleanup loop put in for
the planetary ranging subsystem in June 1968, a 10-Hz
signal was developed in the subsystem. This 10-Hz sig-
nal provided the same reference signals as the free-
running 20-Hz oscillator with associated multipliers that
had been replaced. However, the planetary ranging sub-
system 10-Hz signal was referenced to the DSS atomic
standard.
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During May 1969, tests were performed on the track-
ing loop bandwidth (2 B.,) to determine optimum te-
lemetry threshold. There had been numerous receiver
glitches caused by the spacecraft signal approaching
threshold. The tests, which indicated that 3 Hz was the
optimum bandwidth, were performed using the Pioneer
simulator with a 2 B, of 3, 6, 9, and 12 Hz. On pass 197,
at DSS 12, a test was performed using Pioneer IX data
to confirm the previous test results (Fig. 59).

The test, commenced in the 12-Hz, 2 B;, position, was
switched to 6 Hz for the first half of the pass, and
finally switched to 3 Hz for the remainder of the pass.
The bit error rates printed out every 12 min were aver-
aged. The results showed a direct relationship of signal-
to-noise-ratio to probability of error. The equivalent
improvement when the 2 By, was changed from 12 to
3 Hz was 1.4 dB. When changed from 12 to 6 Hz, the
improvement was 0.9 dB, and the improvement from 6
to 3 Hz amounted to 0.5 dB.

107! \
NN

4 12 Hz

6 Hz

PROBABILITY OF ERROR

, !2.7 dB1 \
1.8 dB 3.2 dB
i \

-3.0 -1.0 1.0 3.0 5.0 7.0 9.0
SIGNAL-TO-NGISE RATIO, dB

Fig. 59. Pioneer IX tracking loop bandwidth test results
{(May 1969) used fo conform previous test resulis for all
Pioneer spacecraft
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A major irregularity during late 1968 which entailed
extensive investigation was the problem of occasional
spurious interrupts in the TCP that caused loss of real-
time data. Because of the intermittent nature of the
problem, it took more than 2 mo to isolate and correct
the irregularity. Spurious word parity errors on decoded
data had been caused by transients on the decoding
computer paralleled input (PIN) lines. These transients
generated excessive noise for the logic (one) state on the
operational processing computer PIN lines.

After the problem was isolated, Ames Research Center
sent to DSS 14 and all other Pioneer GOE-equipped sta-
tions Modification 11 for the computer buffer. Modifi-
cation 11 changed the timing on the decoded data clock
to the center of the data period, which triggered the
interrupt to the operational processing computer. This
change ensured that both computers would not address
the buffer simultaneously.

Cf Radio Meiric Data information

1. Good data time. Percentages of good data obtained
from total actual tracking time were reported for various
monthly periods during the annual period covered here
(Figs. 60-64). Good data was obtained during July and
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Fig. 64. Percentage of good meiric data vs pass
number (November and December 1968)

August 1968 for approximately 97% of the actual track-
ing time. The percentage was 79.84 during September,
but fell to 58.79 during October. Solar occultation caused
low percentages during November and December. There
was no data in January 1969 because of station rework
activity, and during February there was no analysis of
the few tracks. Good metric data was obtained for
81.88% of the actual tracking time during March and
for 85.61% of the actual tracking time during April. Per-
centages were not figured for May and June.
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2. Doppler information. Figures 65 and 66 illustrate a
precision orbit determination program (SPODP) plot of
true residuals. These residuals were the difference be-
tween actual tracking data and the calculated data from
the orbit determination process. Figure 65 illustrates
that the doppler problem first occurred at approximately
2243. Doppler bias and noise vs pass number are illus-
trated by Figs. 67-71. The changing doppler bias during
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Fig. 68. Average doppler bias vs
pass number (May 1969)
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April, May, and June indicated need for an updated
orbit. The doppler bias changed from 275 to ~375 Hz
during April, from +68 to +108 Hz during May, and
from +110 to +157 Hz during June.

D. Anemalies Related to Telemetry Data Losses

Some instances of data losses and the anomalies that
caused them during this report period are singled out
here. The pass chronology contains additional informa-
tion. Deep Space Station 14 tuned 101 min in attempts
to gain two-way lock on pass 1177, having used an incor-
rect frequency in attempting to acquire the spacecraft
in two-way mode. The antenna went to brake because of
low film height on Pad 3. Two min 33 s of telemetry data
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Fig. 70. Average doppler bias vs
pass number (June 1969)
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pass number (June 1969)

was lost. On pass 1178, the station had a power surge
and lost binary-coded decimal time. The high noise was
believed a result of a timing error caused by the power
surge. The antenna went to brake and the receiver
dropped lock because of low film height at 2025:56.
One min 20 s of data was lost.

No anomaly was found as the cause for the high noise
throughout pass 1181 as the station tracked in a two-way
noncoherent mode. The received signal strength was
9.4 dBmW above threshold; the receiver was believed to
be dropping cycles.

On pass 1188 at 1611:27, the station switched to
S-band multiple frequency (SMF) mode 2 (a two-way
matched polarized linear mode for use only on chan-
nel 7) and attempted to acquire the spacecraft on
channel 6. Three h 5 min of data was lost. Channel 7
was acquired at 2010:20; it was noisy.

The station experienced high noise on pass 1212 and
switched from rubidium 1 to rubidium 2, but the noise
continued. Communication outage occurred from 2033 to
2039. The high noise appeared to be caused by a timing
offset. Noise spikes ranged from 60 to 80 cycles. There
was high noise caused by a resolver malfunction through-
out pass 1232.

E. RF Performance
Table 33 presents receiver signal strengths for

passes 929 through 1292. The actual downlink signal

76

strengths have been plotted in Figs. 72-79 to illustrate
characteristic trends, if any, in the station performance.
The predicted downlink signal strength curves using
circular and linear polarization are shown along with
actual received downlink signal strength to establish the
accuracy of the predictions. For January, February, and
March, prediction plots are not presented because of the
small number of passes.

The actual downlink signal strength was within
1 dBmW of the predicted signal strength using linear
polarization during July. Consistency was maintained
through August and September (1.1 dBmW). On
pass 1002, the strength was degraded on both receivers,
and maser 1 was replaced by maser 2. The cause of
degradation on pass 1012 was not ascertained. Receiver
glitching occurred throughout the month of October,
causing some fluctuation of the data points, which still
were within 1.2 dBmW of the predicted values.

The actual downlink signal strength values during
November are plotted in Fig. 76 to graphically illustrate
the characteristic trend due to a full superior conjunction
with the sun. The predicted downlink signal strength
curve is shown superimposed over the actual downlink
signal strength values to determine the accuracy of the
predictions. Figure 76 also indicates the decreasing sig-
nal strength (passes 1052-1070) as the spacecraft ap-
proached solar occultation. Passes 1095-1107 were within
1 dBmW of predictions, except for pass 1099, which had
a 2.53-dBmW stronger signal level than predicted.

During November and December, the actual strength
for all passes using linear polarization was within
2 dBmW of the predicted signal strength curve. The
signal level was approximately 3 dBmW below the
predicted curve during April. During May, the signal
strength was within 1 dBmW of prediction, except for
pass 1263, which was within approximately 2 dBmW of
predictions. The signal level varied within 2 dBmW
of predictions during June.

F. Parity Error Rate

Table 33 and Figs. 80-87 present parity error rates
and plots for the reporting period. (A parity error rate of
0.116 was equivalent to 1 error in 1000 consecutive bits
of information and was regarded as the limiting value
for the uncoded and convolution-coded unit modes of
information.) During the first quarter (July, August,
September 1968), the telemetry bit rate mode was 8 bits/s.

JPL TECHNICAL MEMORANDUM 33-426, VOL. V



Table 33. Summary of Operations, Passes 9291292

P DSS b : A End of Ground Mode Signal Configuration
ass 2y o cq. nd o " Strength 7 i
. . . Start/Stop Tim Temp |Thres No. [Average Bit
No. No. Year Time Track = L = Avg Loop | Pre/ Pre/ of PER Rate Comments
{dbm) BW | Post Post Cmds
L-Way |2-Way [3-Way (Hz) [{°K) | (dbm)
929 14 183 1225 1600 1225 -163.5 12 17. 4} -178 ] 0.000 8 P0/D0/B12 from 1225 to 1239, and
1600 P1/D0/B12 from 1239 to 1600.
930 14 184 1226 1735 1226 -163.3 3 18.7 1 -182 0 0. 000 8 P1/D0/B3 from 1226 to 1735,
1735
931 14 185 1251 1735 1251 -163.9 12 17.9| -176 ] 0. 000 8 P1/D0/B12 from 1251 to 1735.
1735
932 14 186 1229 1735 1229 -163.6 | 12 17.3| -179 0 0. 000 8 P1/D0/B12 during entire pass.
1735
933 14 187 1625 2030 1625 -162.9 | 12 16,2 | -176 4 0. 000 8 P1/Do/B12.
2030
934 14 188 1606 2030 1606 -163.1 12 17.5| -178 0 0. 000 8 P1/Do/Bl2.
2030
935 14 189 1235 1735 1235 -163.0 12 18.9 | -176 0 0,000 8 P1/D0/BI12 from 1235 to 1735,
1735
936 14 190 1228 1600 1228 -163.3 12 16.9| -176 [ 0. 000 8 P1/D0/B12 from 1228 to 1600,
1600
937 14 191 1234 1705 1234 -163.0 12 18.9| -178 0 0, 000 8 P1/D0/B12 from 1234 to 1705.
1705
938 14 192 1229 1705 1229 -163.9 12 18.4 ] -178 0 0, 000 8 P1/D0/B12 from 1229 to 1705.
1705
939 14 193 1229 1705 1229 -163.4 12 17.9] -1718 0 0.000 8 P1/D0/B12 from 1229 to 1705,
1705
941 14 195 1618 2030 1618 -163.0 12 18.4} -178 0 0, 000 8 P1/D0/BI2 from 1618 to 2030.
2030 Twenty minutes of data were lost due to
three commercial power glitches.
942 14 196 1230 1707 1230 -163.3 12 16,8 | =179 0 0. 000 8 P1/D0/BI12 during entire pass.
1707
943 14 197 1231 1600 1231 -163,0 12 16.8 | -179 0 0, 000 8 P1/D0/B12 from 1231 to 1600.
1600
JPL T 10363 i4-68
P Dss S " A Ead of Ground Mode Signal Configuration
ass a2y o cq. nd ol N IStrength i
i Start/Stop T: Temp |Thres No. (Average | Bit
No. No. Year Time Track = ok e (2};’5}) Loop | Pre/ Pre/ of PER Rate Comments
BW Post Post Cmd
1-Way |2-Way [3-Way Ha) [CKL | (dbmy | o0
944 14 198 1232 1740 1232 -163.2 12 17.1 ~179 [ 0. 000 8 P1/D0/BI2 from 1232 to 1740,
1740
945 14 199 1232 1740 1232 -163.7 12 17.0 -179 0 0,000 8 P1/D0/BI12 from 1232 to 1740,
1740
946 14 200 1233 1740 1233 -163.2 12 17,1 -178 0 0. 000 8 P1/D0/BI12 from 1233 to 1740,
1740
948 14 202 1621 2030 1621 -163.1 12 17.9 ~178 0 0. 000 8 P1/D0/BI12 during entire pass.
2030
949 14 203 1234 1740 1234 -162.7 12 17.5 ~178 ¢ 0. 000 8 P1/D0/BI12 during entire pass,
1740
950 14 204 1235 1830 1235 -163,2 12 17. 4 ~179 o 0. 000 8 P1/D0/B12.
1830
951 14 205 1236 1830 1236 -163.7 12 17.3 -176 ] 0. 000 8 P1/D0/B12.
1830
952 14 206 1522 2100 1522 -163.0 12 17.0 -179 0 0,000 8 P1/D0/B12-
2100
955 14 209 1238 1745 1238 -163.8 12 17.7 -178 0 0, 000 8 P1/D0/B12.
1745
956 14 210 1238 1745 1238 -163.2 12 29.1 -178 0 0.000 8 P1/D0/B12.
1745
957 14 211 1239 1745 1239 -163.2 12 16.9 -179 o 0. 000 8 P1/D0/B12. At 1353, receiver was out-of-
1745 lock for 30 seconds due to operator error,
958 14 212 1231 1745 1231 -163.0 12 16.7 -179 Y 0. 000 8 P1/Do/Bl2.
1745
959 14 213 1240 1745 1240 -163. 6 12 17.1 -179 0 0. 000 8 P1/D0/Bl2.
1745
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Table 33 (contd)

- Dss b ¢ a End of Ground Mode Signal Configuration
ass ay o. €q. nd of ) Strength u i
: Start/Stop Time Temp |[Thres No. Average Bit
psoé No. Year Time Track £ Avg Loop | Pre/ Pre/ of PER Rate Comments
(dbm) BW Post Post Cmds
1-Way [2-Way [3-Way (Hz) [(°K) | (dbm)
960 14 214 1241 1800 1241 l-161.80 12 17.10 -176 0.000 8 Pi/D0/B12,

1800

962 14 216 1243 1745 1243 F162.80 12 17.60 -176 0.000 8 Pi1/D0/B12.
1745

963 14 217 1244 1745 1244 -162.70 12 17.20 -176 0. 000 8 Pl1/D0/B1l2,
1745

964 14 218 1245 1750 1245 -162. 60 12 17,50 -176 0.000 8 P1/D0/Bl12,
1750

965 14 219 1245 1750 1245 -163, 00 12 17.80 -176 0. 000 8 P1/D0/Bl2.
1750

966 14 220 1246 1750 1246 -163, 20 12 17.60 -176 0. 000 8 P1/D0/B12,
1750

967 14 221 1247 1700 1247 -162, 50 12 17.50 -176 0. 000 8 P1/D0/B12,
1700

969 14 223 1248 1750 1248 -162. 40 12 17.50 | -178 0. 000 8 P1/D0/B12.
1750

970 14 224 1249 1748 1249 [-163.30 12 16.70 -179 0. 000 8 P1/D0O/B12,
1748

971 14 225 1250 1700 1250 -163. 00 12 17.20 -178 0. 000 8 P1/D0o/Bl12,
1700

973 14 227 1252 1755 1252 -163, 00 12 17.20| -178 0.000 8 P1/D0/Bl2.

1755 At 1525, Magnetic Tape 1A and 1B would not
record the receiver in lock indication due to
damaged patch board (TFR-125921).

974 14 228 1252 1550 1252 -163.00 12 17,20 -174 0.015 8 P1/D0/Bl2.
1550
975 14 229 1255 1550 1255 -163. 00 12 17.30 -176 0.000 8 Pi/Do/B12.
1550
976 14 230 1557 2030 1557 -163.30 12 17.50] -177 0.000 8 P1/Do/B12.
2030
977 14 231 1255 1755 1255 -163.50 12 16.80] -177 0. 005 8 P1/D0/B12.
1755
979 14 233 1300 1800 1300 -163,50 12 16. 80 -176 0. 000 8 Pi/Do/Bl2.
1800
JPL T 10363 (4-68)
P DSS b P A End of Ground Mode Signal Configuration
ass ay o cq. nd ol . Strength s
- : : Start/Stop Time g Temp |[Thres No. Average Bit
P‘\1;I°.6 o Year Time Track Avg Loop | Pre/ Pre/ of PER Rate Comments
{dbm) BW Post Post Cmds
1-Way |2-Way [3-Way (Hz) |{°K) | (dbm)
380 14 234 1259 1800 1259 -163,10 12 17.60 -177 0. 000 8 P1/D0/B12.
1800
981 14 235 1259 1800 1259 ~163,00 12 17.30 177 0. 000 8 P1/D0/Bl12.
1800
983 14 237 1300 1800 1300 -163,50 12 17.30 -177 0.000 8 P1/DO/Bl12,
1800
984 14 238 1301 1800 1301 -162.70 12 16,40 -177 0. 000 8 P1/D0/Bl12.
1800
985 14 239 | 1302 | 1805 1302 -162.80 | 12 17.00f -179 0. 000 8 P1/D0/Bl12.
1805
986 14 240 | 1303 | 1805 1303 -162.90 | 12 17,60 -179 0. 000 8 P1/D0/Bl2.
1805
987 14 241 1305 1805 1305 -163.00 12 16.70] -177 0. 000 8 Pl/Do/Bl2,
1805
988 14 242 1305 1805 1305 -163,00 12 16.90 -178 0.000 8 P1/D0/B12,
1805
990 14 244 1307 1805 1307 -162,40 12 17,50 -177 0. 000 8 P1/Do/B12.
1805
JPL T 10363 (¢ 68}
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Table 33 (contd)

P DSS 5 il a End of Ground Mode Signal Configuration
ass ay o cq. nd of N Strength i
. Start/Stop Tim Temp |Thres No. |Average Bit
No. No. Year |Time |Track L £ c Avg Loop | Pre/ | Pre/ of PER Rate Comments
(dbm) BW Post Post Cmds
1-Way 12-Way [3-Way (Bz) |{°K) | (dbm)
991 14 245 1308 1805 1308 ~162.5 12 17.3 =177 0.000 8 P1/Do/B12.
1805
992 14 246 1310 1810 1310 -163.6 12 17,6 =177 0.000 8 P1/Do/Bl2.
1810
993 14 247 1310 1810 1310 ~-162.7 12 17.4 -177 0.000 8 P1/D0/Bl2.
1810
994 14 248 1318 1810 1318 -162.8 12 16.6 -177 0.000 8 B1/D0/B12.
1810
995 14 249 1324 1810 1324 -163.4 12 -178 0.000 8 P1/D0/Bi2.
1810
997 14 251 1314 1815 1314 -162.8 12 17.0 -178 0.000 8 P1/DG/B12.
1815
998 14 252 1315 1610 1315 -162.8 12 17.1 -179 0.000 8 P1/D0/B12. Hydrostatic bearing pad recess
1610 flow failure.
999 14 253 1316 1700 1316 -162.6 12 17.1 -174 0,000 8 P1/D0/Bl2.
1700
1000 14 254 1317 1820 1317 -162.8 12 17.3 -176 0.000 8 P1/D0/Bl2.
182¢
1001 14 255 1318 1820 1318 -162.3 12 17.1 177 0,000 8 P1/D0/Bl2.
1820
1002 14 256 1319 1820 1319 -162.4 12 17.0 -178 0.000 8 P1/D0/B12 from 131921 to 145000 and
1820 P1/D}/B12 irom 145000 to 182000,
1004 14 258 1322 1820 1322 -162.1 12 16.2 -178 0 0.000 8 P1/D0/B12 during entire pass.
1820
1005 14 259 1324 1820 1324 ~-162.1 12 16.7 -179 0 0.000 8 P1/DO/B12 during entire pass.
1820
1006 14 260 1325 1800 1325 ~162.5 12 17.0 -176 ] 0. 000 8 P1/D0/Bl12.
1820
1007 14 261 1325 0030 1325 1527% ~162.5 12 16.3 -176 6 0.000 8 P1/D1/B12. One slight RCVR glitch at 2125.
1527 0030 *Two-way noncoherent.
JFL T 10043 (4-88)
B Dss D fla End of Ground Mode Signal Configuration
ass ay o cq. nd o ) Strength :
i . Start/Stop T: g Temp |Thres No, [|Average | Bit
Ne. No. Year Time Track = <P ime Avg loop | Pre/ Pre/ of PER Rate Comments
(dbm) BW Post Post Crmds
1-Way |2-Way 15-Way (Hz) {(°K) | (dbm)
1010 14 264 1330 1825 1330 |NONCOHERENT .162.9 } 12 31.7 -175 4 0,012 8 P1/D1/B12.
1825
1011 14 265 1330 1825 1330 INONCOHERENT -163.5 12 32.0 ~177 5 0.100 8 P1/D1/Bl2. Command (CMD) aborted.
1825 ANT to brake, low film height on Pad 3
dipped to 0,0015, ANT to point film height
checks okay. Dirt in oven from 127,1 to
140.0° at 1800,
1012 14 266 1330 1835 1330 -164.2 12 31.6 ~175 4 0.000 8 P1/D1/B12. At 1648, low film height on
1835 Pads 1 and 3, ANT to brake.
1014 14 268 1332 1827 1332 |NONCOHERENT] -162.2 12 31.4 ~175 4 0.020 8 P1/D1/B12 from 1332 to 1802 and
1827 P1/D0/B12 from 1802 to 1827.
Several RCVR glitches.
1015 14 269 1339 1828 1339 INONCOHERENT -162.3 12 31.9 ~-175 4 0.020 8 P1/D1/Bl2.
1828
1016 14 270 1334 1829 1334 (NONCOHERENT .162.1 12 31.7 -175 2 0.030 8 P1/D1/B12.
1829
1017 14 271 1336 1831 1336 -162.6 12 32.0 -174 0. 000 8 P1/D1/B12. Overvoltage tripped transmittes
1831
1018 14 272 1336 1832 1336 [NONCOHERENT -162.6 12 32.2 -174 2 0.040 8 P1/D1/Bi12.
1832
1019 14 273 1338 2100 1338 |NONCOHERENT] -162.5 12 32.1 -174 2 0.060 8 P1/D1l/B12.
2100
1020 14 274 1339 1600 1339 |NONCOHERENT -162,4 12 32.7 -175 0.100 8 P1/D1/B12.
1600
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Table 33 (contd)

s : 4 of Ground Mode Signal Configuration
Pass DS Day o Acg. End o - N Strength i
Start/Stop T Temp |Thres No. [Average | Bit
No- No. Year Time Track = e e Av Loop | Pre/ Pre/ of PER Rate Comments
{dbm) BW Post Post Cmds
1-Way |2-Way |3-Way (Hz) [(°K) | (dbm)
1021 14 275 1340 1840 1340 [NONCOHERENT{ -162. 3 12 31.7 ~174 2 0.070 8 P1/D1/Bl2.
1840
1022 14 276 1357 1840 1357 [NONCOHERENT]| -162.2 12 31.8 -174 4 0.038 8 P1/D1/Bl2. Polarizer failed.
1840
1023 14 277 1343 1840 1343 [NONCOHERENT| -162.2 12 31.8 ~174 8 0. 000 8 S-Band Multiple Frequency Cone {SMF)
1840 Mode 2/B12.
1025 14 279 1346 1840 1348 [NONCOHERENT| -161.5 12 22.6 ~175 3 0.008 8 Mode 1/B12.
1840
1026 14 280 1347 1840 1347 INONCOHERENT]| -161.9 12 22.8 -175 2 0. 000 8 Mode 1/Bl2.
1840
1027 14 281 1348 1840 1348 [NONCOHERENT| -161.5 12 22.8 ~175 2 0,000 8 Mode 1/Bl12.
1840
1028 14 282 2029 0000 2029 |[NONCOHERENT] -161.4 12 22.7 -175 2 0. 000 8 Mode 1/B12. TXR off at 2313 due to broken
0000 coolant hose.
1032 14 284 1403 2315 1403 [NONCOHERENT] ~161.2 1z 22.7 -175 4 0.080 8 SMF Mode 1/B12. Due to a loose RCVR
2315 connector, RCVR 1 was switched to RCVR 2.
TXR tripped off ac overcurrent.
1033 14 287 1357 1845 1357 |[NONCOHERENT| ~161.5 12 22.8 -175 2 0. 000 8 Mode 1/Bl2. Power glitch - station switched
1845 to diesel power at 1757,
1035 14 289 CANCELLED
1036 14 290 1402 1745 1402 [NONCOHERENT] -162.8 12 22.5 -176 2 0.010 8 Mode 1/B12.
1745
1037 14 291 1405 1700 1405 [NONCOHERENT] 162.1 12 22.7 -175 2 0. 000 8 Mode 1/Bl12.
1038 14 292 1404 1930 1404 INONCOHERENT| 162.7 12 23.3 -177 2 0. 040 8 Mode 1/B12. Recorder 1 malfunction.
1930
1039 14 293 1405 1850 1405 [NONCOHERENT| -162.3 12 22.5 -176 2 0.020 8 Mode 1/B12.
1850
1041 14 295 1409 2300 1409 1904 -162.2 12 22.4 -176 11 0.010 8 Mode 1/B12.
1904 2231
2231
2300
JPL T 10363 (4-68)
Dss b p 4 of Ground Mode Signal Configuration
Pass ay o Acq. End o L Strength i
: Start/Stop Time g Temp |Thres No. [Average | Bit
No. No. Year Time Track = Avg Loop |.Pre/ Pre/ of PER Rate Comments
(dbm) BW [Post | Post | Crads
1-Way [2-Way (3-Way (Hz) | (°K) | (dbm)
1043 14 297 1412 2400 1412 1646 ~162.6 12 23.3 -175 12 0.038 8 Mode 1/B12. TXR tripped twice.
1646 2301
2301
2400
1044 14 298 1750 2400 1750 |{NONCOHERENT} -162.2 12 23.4 -175 3 0. 300 8 Mode 1/Bl12.
2400
1045 14 299 1415 1800 1415 {NONCOHERENT| -162.7 12 23.0 -175 3 0. 300 8 Mode 1/B12.
1800
1046 14 300 1802 2200 1802 |NONCOHERENT| -163. 4 12 22.8 -176 3 BAD 16 Mode 1/B12.
2200
1047 14 301 1418 2330 1418 1637 -162.5 12 22.5 -176 12 0.800 _8 Mode 1/Bl2.
1637 1707 BAD 16
1707 1800
1800 2330
1049 14 303 1422 2032 1422 1847 -162.7 12 22.6 -176 7 0. 600 8 Mode 1/B12 from 1422 to 1537,
1847 2001 Mode 3/BI12 from 1537 to 1624, and
2001 Mode 1/B12 from 1624 to 2032.
2032 RCVR glitching badly.
1050 14 304 1426 1930 1426 1616 -162.6 12 22.7 -175 8 0.750 8 Mode 1/BI2.
1616 1848
1848
1930
1051 14 305 1427 2330 1427 |[RECORD ONLY| -163.4 ¥4 Mode 1/BI2.
2330

JPL T 10363 (468
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Table 33 (conid)

P DSS b . A End of Ground Mode Signal Configuration
acs ay o cq. nd o ) Strength i
i Start/Stop Time & Temp [Thres No. |Average Bit
No. No. Year Time Track E Avg Loop | Pre/ Pre/ of PER Rate Comments
(dbm) BW Post Post Cmads
1-Way |2 Way [-Way (Hz) |{°K) | {dbm)
1052 14 306 1427 2301 1427 1521 -163,3 12 23.3 | -176 21 BAD 8 Mode 1/B12. GOE failed to transmit CMD
1521 2254 101 at 200000,
2254
2300
1053 14 307 1429 0007 14z9 1631 -163.5 | 12 23,4 -175 15 BAD 8 Mode 1/B12. TCP not locking up.
1631 2136
2136
0007
1054 14 308 1431 2330 1431 1701 -163.6 12 22,5 -175 24 BAD 8 Mode 1/B12.
1701 1852
1852
2330
1055 14 309 1433 2300 1433 1945% -163.0 12 22,6 -175 4 BAD 8 Mode 1/B12, Recorder failure, #*Non-
1945 2300 coherent,
1056 14 310 1435 2300 1435 1610% -163.5 12 33,71 175 12 BAD 8 Mode 1/B12. #*Noncoherent,
1610 2300
1057 14 311 1436 2300 1436 1700 -163.5 12 22,4 -176 10 BAD 8 Mode 1/B12.
1700 2300
1058 14 312 1438 2300 1438 1651 -163.6 12 22,4| -~178 18 BAD 8 Mode 1/B12.
1059 14 313 1447 2300 1447 -165.0 12 Mode 1/B12. Record only.
2300
1060 14 314 1441 2300 1441 -164.5 12 Mode 1/B12. Record only.
2300
1061 14 315 1443 2300 1443 -165.0 12 22,51 -177 Mode 1/B12. Unable to lock TCP.
2300
1062 14 316 1445 2400 1445 -167.3 12 22.4| -177 Mode 1/B12.
2400 .
1063 14 317 1449 0001 1449 -170 12 23,1] -178 Mode 1/B12, **
0001
**TCP UNABLE TO LOCK UP DUE TO SUN OCCCULTATION.
GROUND RECEIVER SIGNAL LEVELS FLUCTUATING OVER
WIDE RANGE,
JPL T 10363 14- 6B
P pss D ‘ A End of Ground Mode Signal Configuration .
ass ay o cq. nd o N Strength i
y i Start/Stop Time Temp |Thres No. |Average | Bit
Ne. No. Year Time Track (3;5:) Loop Pre/ Pre/ of PER Rate Comments
BW Post Post C
L-Way |2-Way [3-Way B | (k)| b | O
1064 14 318 1450 2300 1450 -172 12 50.3| -177 Mode 1/B12,
2300 :
1065 14 319 1455 2400 1455 ~-172 12 50.3| -177 Ground Receiver signal too erratic to
measure, ¥%
1066 14 320 1518 2400 1518 -172 12 22.6 -178 Mode 1/B12, %%
2400
1067 14 321 1455 2359 1455 -174 12 22,8 -177 Mode 1/B12, %
2359
1068 14 322 1512 2400 1512 -173 12 22.5| -179 Mode 1/B12, **
2400
NOTE: FROM DAYS 323 TO 332 DSS 14 WAS ENGAGED IN TRACKING PIONEER VI
USING NON-DSIF OPEN LOOP RECEIVER FOR THE FOLLOWING EXPERIMENTS:
FARADAY ROTATION - G. LEVY
SPECTRUM WIDENING - R. GOLDSTEIN
RELATIVISTIC - J. ANDERSON
PIONEER DATA WAS NOT TAKEN ON THIS EXPERIMENTAL TRACKING DUE
TO INABILITY TO LOCK UP ON THE EXCESSIVELY NOISY SIGNAL.
1078 14 332 1550 2400 * * 12 22.7| ~177 | NONE * *Uncertain as to RCVR lock. Signal
evidently beyond threshold. Occultation,
1079 14 333 1519 2345 12 23.1| -177 NONE Same as above. G. Levy on-site
experimenting.
1080 14 334 1539 2315 -176 12 22.9| -177 | NONE RCVR's in and out of lock. No stable
signal, Open and closed loop operations.
1081 14 335 1521 2345 -177 12 22.6] -177 NONE Intzrmittent RCVR lock - approximately
30",
#%TCP UNABLE TO LOCK UP DUE TO SUN OCCULTATION.
GROUND RECEIVER SIGNAL LEVELS FLUCTUATING OVER
WIDE RANGE,

JPL T 10363 (4-681
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Table 33 (contd)

: Ground Mode Signal Configuration
Pass Dss Day of Acq. End o " Strength i
. Start/Stop Time Temp |{Thres No. |Average | Bit
Ne. No. Year Time Track E Avg Loop | Pre/ Pre/ of PER Rate Comments
(dbm) BW Post Post Cmds
1-Way |2-Way [3-Way (Hz) |(°K) | (dbm)
1082 14 336 1525 2313 12 22.7 | -177 NONE Intermittent lock. Station set antenna to
"stow' due to high winds,
1095 14 349 2221 0013 2221 -161.9 12 0 BAD 8 Mode 1/Bl12,
0013
1096 14 350 1625 0014 1625 -162.7 12 0 BAD 8 Mode 1/B12,
0014
1099 14 353 1912 2142 1912 -160.0 12 48.5 | -173 0 0.000 8 SMF Mode 3/B12.
2142
1100 14 354 1940 2130 1940 -161.9 12 36.0| -175.5 0 0,000 8 SMF Mode 3/Bl12.
2130
1101 14 355 1943 2326 1943 2047 -162.3 12 33.6 { -176.5 2 SMF Mode 3/B12.
At 2139,lost U bus, Generator TXR off.
ANT to brake (TFR-~132168),
At 2152,U power up.
At 2237, TCP interrupt. Reason unknown.
1107 14 361 1640 2116 1640 1931% -162.5 1z 23.6 § -176 2 0, 000 8 #*Noncoherent,
1931 2116
1107 14 361 1640 2116 1640 1931 -162.2 12 25.6 | -176 2 0. 000 8 SMF Mode 3/B12. No recordings due to
configuration for Apollo 8,
JPL T 10363 (4-68)
P DSS b : End of Ground Mode Signal Configuration
ass ay o Acq. nd o N Strength i
i Start/Stop Time Temp |[Thres No. [Average | Bit
No. No. Year Time | Track P Avg Loop | Pre/ | Pre/ of PER Rate Comments
(dbm) BW Post Post Cmds
1-Way [2-Way [3-Way (Hz) | (°K) | (dbm)
1138 14 026 2100 2352 2100 | 2206% -163 12 22.2 -174 2 0,000 8 SMF Mode 1/B12. #Noncoherent mode of
2206 | 2352 operation,
JPL T 10363 (4-68)
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Table 33 (contd)

P DSS o c A End of Ground Mode Signal Cor;figuration
ass ay o cq. nd o ) Strength i
: Start/Stop Time Temp |Thres No. Average Bit
No. No. Year Time Track L (:t‘;’g) Loop | Pre/ Pre/ of PER Rate Comments
m BW | Post Post Cmd
1-Way |2-Way 13-Way Hz) (K1) | (b | 0
1145 14 033 1918 2223 | 1918 2047% -163 12 49.9 -174 3 0,000 8 SMF/Mode 1/B12,
2047 2223 *Spdcecraft in two-way noncoherent mode.
1152 14 040 1924 2044 {1924 -164.2 12 22.6 -174 0 0.000 8 SMF/Mode 1/B12.
2044
1159 14 047 1604 2048 {1604 1753 -162 12 49.2 -174 2 0.000 8 SMF/Mode 1/B12.
1753 2048% Track voice not on magnetic tape due to
communication patch not fully seated,
*Noncoherent mode.
JPL T 10343 (4-68)
P bss D ¢ End of Ground Mode Signal Configuration
ass ay o Acq. nd o ) Strength . i
Start/Stop Time Temp |Thres No. [{Average | Bit
No. No, Year Time Track P (ggxi) Loop Pre/ Pre/ of PER Rate Comments
BW Post Post Cmds
1-Way [2-Way [3-Way {Hz) [ {°K]} (dbm}
1177 14 065 1525 2157 1525 -165 12 30.7 -173 [ 0. 500 8 SMF Mode 2/B12. Unable to acquire
2157 uplink - reason unknown,
1178 14 066 1520 2200 1520 1632 -163.7 12 3.1 173 2 0. 150 8 SMF Mode 2/B12. Low-film height on
1632 | 2200% Pad 3 at 2025, *Noncoherent,
1179 14 067 1516 0200 1516 | 1639 -164.8 1z 21.8 -174 4 0. 020 8 SMF Mode 1/B12. *Noncoherent.
1639 | 0200%
1180 14 068 1516 0200 1516 1641 -164.4 12 22 -175 2 0. 000 8 SMF Mode 1/B12. #*Nonccherent.
1641 | 0200%
1181 14 069 1514 0100 1514 | 1632 -164.3 12 22.6 -174 2 0, 000 8 SMF Mode 1/B12. *Noncoherent.
1632 | 0100%
1183 14 071 1554 2300 1554 | 1718% -165 12 22,6 -173 2 0. 000 8 SMF Mode 1/B12. Acquisition delayed
1718 | 2300 due to missing cable connection between
antenna and computer -~ approximately
40 minutes of tracking lost. *Noncoherent.
1184 14 072 1510 0100 1510 1642% -164,8 12 22,2 -175 [3 SMF Mode 1/B12, #Noncoherent.
1642 | 1807
1807
0038
0038%
0100
1186 14 074 1507 0100 1507 | 1729 -164.5 12 22.1 -174 2 0,000 8 SMF Mode 1/Bl12. *Noncoherent.
1728 | 0100
1187 14 075 1517 0100 1517 | 1622% -164. 4 12 22.4 -174 2 0. 000 8 SMF Mode 1/B12. *Noncoherent.
1622 | 0100
1188 14 076 1519 2300 1519 2010% -164.3 12 22.4 -174 4 0. 000 8 SMF Mode 1/B12. *Noncoherent,
2010 | 2300
1190 14 078 1504 2300 1504 | 1628% -164.5 12 22.2 -175 7 0. 000 8 SMF Mode 1/B12, *Noncoherent.
1628 | 1729
2204 | 1729
2300 | 2204
JPL T 10343 40 88°
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Table 33 (contd)

P DSS o c a End of Ground Mode Signal Configuration
ass 2y o €q. nd of N Strength i
5 Start/Stop Time Temp |Thres No. jAverage Bit
No. Ne. Year Time Track £ (:};\:g) Loop | Pre/ Pre/ of PER Rate Comments
m BW Post Post Cmd
1-Way |2-Way 3-Way 2 |xy | @by | 70
1191 14 079 1500 0100 1500 | 1621% -164,4 12 22.3 | -174 i0 0, 000 8 SMF Mode 1/B12. *Noncoherent.
1621 | 1717
1717
0031
0031%
0100
1193 14 081 1516 0100 1516 | 1638% -165.1 12 24.6 |-174 8 0. 450 16 SMF Mode 1/B12. *Noncoherent.
1638 | 1731 0. 000 8
1731
0032
0032%
0100
1194 14 082 1513 0100 1513 | 1635% ~165 12 22,6 |-174 9 0. 000 16 SMF Mode 1/B12. *Noncoherent.
1635 | 1731 8
1731
0032
0032%
0100
1195 14 083 1655 0100 1655 | 2103% -164.5 12 22,5 | -174 8 0. 000 8 SMF Mode 1/B12. At 1845, Pioneer VI
1845 | 2115 tracking was stopped to transmit com-
2000 2115 mands to Pioneer VIII. Pioneer VI
2103 | 0036 tracking was resumed at 2000,
003 6% *Noncoherent.
0100
1198 14 086 1452 0100 1452 | 1614% -164.6 12 22.3 | -174 8 0. 040 8 SMF Mode 1/B12.
1614 1821
1821
0032
0032%
0100
1200 14 088 1450 0100 1450 | 1606% -165.2 12 22,6 |-174.2 8 0.000 8 SMF Mode 1/Bl2. *Noncoherent.
1606 | 1732
1732
0032
0032%
0100
JPL T 10363 (4-68)
. Ground Mode Signal Configuration
Pass DSss Day of Acq. End o; N Strength i
. Start/Stop T Temp [Thres No. |[Average Bit
No. No. Year | Time Track - B e Avg Loop | Pre/ Pre/ of PER Rate Comments
(dbm) BW Post Post Cmds
I-Way |2-Way |3-Way (Hz) |(°K) | (dbm)
1201 14 089 1449 0100 1449 | 1614% ~-165.1 12 22,6 -174 8 0. 000 16 SMF Mode 1/B12. *Noncoherent.
1614 1708
1903 | 1708
2034 | 1903
2034
0035
0035%
0100
1202 14 090 1736 0100 1736 | 1905% -165.1 12 22.5 -174 8 0. 000 16 SMF Mode 1/B12, *Noncoherent.
1965 | 1952
0032 | 1952
0100 { 0032
JPL T 10363 (4- 68}
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Table 33 (contd)

P DsS b . A End of Ground Mode Signal Configuration
ass ay o cq. nd o ) Strength N
i Start/Stop Time Temp |[Thres No. {Average Bit
e No. Year Time Track Avg Loop | Pre/ Pre/ of PER Rate Comments

(dbm} BW Post Post C
mds
1-Way |2-Way [3-Way (Hz) | (°K) | (dbm)

1204 14 92 1449 2300 1449 1622% -165.1 12 22.7| -175 8 0.000 16% SMF Mode 1/B12.
1722 0,411 16 * Noncoherent.

1722
2300

1205 14 93 1503 0100 1503 1655% 0.038 8 SMF Mode 1/B12.

1655 1747 FTS PC 141 jumped time causing
2228 1747 APS failure. Reset PC 141

2250 2228 -164,3 12 22.6 | -175 8 0.600 16 {TFR-~13293).

2250
0047*
6047
0100

1207 14 95 1505 0100 1505 1621% 0, 080 8 SMF Mode 1/B12.

1621 1702 -164.5 12 22.6 | -175 8 0, 600 16 # Noncoherent.

i702 AT 0039, Rectifier Beam Interlock kicked
0032 XMTR off due to high voltage over-

0032 current., Reset Interlock.

1208 14 96 1501 0100 1501 1613% -164.5 i2 22 -175 8 0. 000 8 SMF Mode 1/B12.
1613 1702 0. 400 16 % Noncoherent.

1209 14 97 1540 0058 1540 1657% -165.2 12 22.8 | -174 8 0.000 8 SMF Mode 1/B12.
1657 1757 0.500 16 * Noncoherent,

1211 14 99 1527 2300 1527 1641% -164.9 12 23.2{ -175 8 0. 000 16 SMF Mode 1/B12.
1641 1732 # Noncoherent.

JPLTT 10363 (488

P DSS D ¢ End of Ground Mode Signal Configuration

ass ay o Acq. nd o . Strength i
i Start/Stop Time Temp |Thres No. [Average Bit

No. No. Year Time Track Av, Loop | Pre/ Pre/ of PER Rate Comments

{dbm) BW Post Post Cmds
L-Way |2-Way |3-Way (Hz) [(°K) | (dbm)

1212 14 100 1526 0100 1526 1634% -165 12 22.8 | -175 8 0. 600 16 SMF Mode 1/BI2.
1634 1747 0.000 8 * Noncoherent.
1747
0032
0032
0100

1214 14 102 1519 0100 1519 1630% ~164.3 12 25.47 -175 8 0.400 16 SMF Mode 3/B12.
1630 1803 # Noncoherent.
1803
0032
00323
0100

1215 14 103 1519 0l00 1519 1627% -164.4 12 25.05( -174 8 0.000 8 SMF Mode 3/B12.

1627 1757 0. 500 16 At 201430, XMTR off - reason unknown.
2047 1757 # Noncoherent.

2048 2047
2048
0032
0032%
0100

1217 14 105 1527 2300 1527 16423 -164,9 12 25.9 -174 8 0. 600 16 SMF Mode 3/Bl12,

1642 1802 At 1528, Recorder "A" inoperative.
1802 Returned to operation at 1745.

2232 * Noncoherent.

2232
2300

1218 14 106 1519 2300 1519 1635% -164.7 12 27.19) -174 9 0. 000 8 SMF Mode 3/Bl2.
1635 1747 0. 600 16 # Noncoherent.
1747
2248
2248
2300

1219 14 107 2113 0100 2113 2226% -164.5 12 28 -174 6 0.000 8 SMF Mode 3/Bl12.

2226 2337 Acquisition 13 minutes late due to antenna
2337 emergency - iron stuck in front of rotating
0032 stairway.

0032 * Noncoherent.

0100

JPL T 10363 14-88)
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Table 33 (contd)

ss 4 of Ground Mode Signal Configuration
Pass D. Day of Acq. End of . Strength i
s Start/Stop Time Temp |[Thres No. [Average | Bit
No. No. Year Time Track E Avg Loop | Pre/ Pre/ of PER Rate Comments
. (dbm) BW Post Post Cmds
1-Way [2-Way ;3-Way (Hz) [(°K) | (dbm)
1221 14 109 1450 0100 1450 1615% -164.3 12 27.5 | -174 9 0.500 16 SMF Mode 3/B12:
1615 1714 XMTR tripped off at 1923.
1714 #* Noncoherent.
0033
0033%
0100
1222 14 110 1445 0100 1445 1602% -164.5 12 26.5 | -175 8 0.450 16 SMF Mode 3/B12.
1602 1652 # Noncoherent.
1652
0033
0033
0100
1223 14 111 1455 0100 1455 1603% -164.3 12 27.1 | -174 8 0,075 8 SMF Mode 3/BI2.
1603 1657 0. 750 16 %* Noncoherent.
1657
0033
0033%
0100
1224 14 112 1925 2300 1925 2026% -163.8 12 28.02| -174 6 0.000 8 SMF Mode 3/B12.
2026 2142 %* Noncoherent.
2142
2247
2247%
2300
1225 14 113 1447 2100 1447 1545 -164.2 12 26.2 | -175 10 0. 000 8 SMF Mode 3/B12.
1545 1702 0. 500 16 # Noncoherent.
1702
2053
2053
2100
1226 14 114 1449 0100 1449 1610% -164.7 12 26.7 | ~175 10 0.200 8 SMF Mode 3/B12.
1610 1717 * Noncoherent.
1717
0032
0032%
0100
JPL T 10343 (4-68)
P DsS b : A End of Ground Mode Signal Configuration
ass ay O cq. nd o N Strength i
i Start/Stop Time Temp |Thres No. |Average | Bit
No. No. Year Time Track L (x?l;lxi) Loop | Pre/ Pre/ of PER Rate Comments
BW Post Post Cmd
L-Way |2-Way |3-Way 2 [CK) | (o |0
1228 14 116 1452 0100 1452 1603x% -164.7 12 22.5 | -175 10 0. 200 16 SMF Mode 1/B12.

1603 1702 At 2320, antenna to brake mode ~ dirt on

2353 1702 transducer probe.

0014 2353 * Noncoherent.

0014
0052
0052
0100
1229 14 117 1513 0100 1513 1928 -165 12 22.7 | -175 11 0,000 8 * Noncoherent,

1928 0100 0.150 16 At 1515, lost all 400 cycle motor generator -|
went to one-motor generator set and 10 kw
operation on XMTR.

At 0029, XMTR off due to 400 cycle circuit
braker opening. Back on XMTR at 0040,
1231 14 119 1434 2155 1434 1546% ~165 12 23,2 | -174 5 0,040 8 SMF Mode 1/B12.
1546 1648 #* Noncoherent.
1648
2155
1232 14 120 1418 2200 1418 1518 ~165 12 23.4 | -174 7 0. 300 16 SMF Mode 1/B12.
1518 2200
JPU T 10383 (4- 68}
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Table 32 (contd)

- DSS o A End of Ground Mode Signal Configuration
ass ay of cq. nd o " Strength i
: Start/Stop Time Temp |Thres No. |Average | Bit
No. No. Year |Time |Track E ‘3"3' Loop | Pre/ | Pre/ of PER Rate Comments
1-Way |2-Way |3-wa (dbm) BW Post Post Cmds
Y ¥ Y (Hz) |{°K) dbm)
1233 14 121 1457 2155 1457 1602 ~163. 9 12 23.3 -175 8 0.300 16 SMF Mode 1/B12.
1602 2155
1235 14 123 1449 0040 1449 1556 ~164.7 12 23 -175 7 0.300 16 SMF Mode 1/B12.
1556 0040
1237 14 125 1415 2025 1415 1519 -165.1 12 24.8 -175 [ 0.000 8 SMF Mode 1/B12.
1519 2025
1238 14 126 1509 2055 1509 1630 -164.6 12 27.7 -174 4 0. 350 16 SMF Mode 1/B12.
1630 2055
1239 14 127 1520 1600 1520 -164.2 12 23.4 =175 0.250 16 SMF Mode 1/B12.
1600
1240 14 128 1447 2054 1447 1632 ~164.5 12 23 -175 4 0. 300 16 SMF Mode 1/B12.
1632 2054
1241 14 129 2205 0100 2205 2327 -164.4 12 23.8 -175 3 0.058 16 SMF Mode 1/Bl2.
2327 0021 At 2349 XMTR off. Cause unknown.
0021 At 2350 XMTR on at 20kw.
0100
1242 14 130 2117 0100 2117 2230 ~164.3 12 24 ~175 2 0.274 16 SMF Mode 1/Bl12.
2230 0100 .
1243 14 131 2321 0256 2321 0036 -165.1 12 23.6 -176 4 0.880 16 SMF Mode 1/Bi2.
0036 0256 '
1244 14 132 2012 2329 2012 2104 ~164.9 12 24.1 ~175 5 0, 350 16 SMF Mode 1/B12.
2104 2329
1246 14 134 1450 1900 1450 1604 ~165 12 22.9 -176 8 0. 800 16 SMF Mode 1/B12.
1604 1900
1247 14 135 1511 1900 1511 1610 ~164.4 12 23.6 -174 5 0.200 16 SMF Mode 1/B12.
1610 1900
1249 14 137 1945 0000 1945 2050 ~164 12 23.8 ~175 5 0. 333 16 SMF Mode 1/B12.
2050 0000 Transmitter off at 2203, high voltage
ac - overload tripped.
1259 14 147 1611 1928 1611 1711 ~164.2 12 23.1 -174 5 0.250 16 SMF Mode 1/B12.
1711 1928
P PSS - p A End of Ground Mode Signal Configuration
ass ay ol <q. nd o . - Strength i
" i Start/Stop Time Temp |[Thres No. |Average | Bit
No. Ne. Year Time Track P (dAL‘:ri) Loop | Pre/ Pre/ of PER Rate Comments
. BW Post Post Cmds
1-Way [2-Way [3-Way {Hz} {(°K) {dbm)
1260 14 148 1410 1900 1410 1539 -164.6 i2 22.4 -175 5 0.250 16 SMF Mode 1/B12.
1539 1900
1262 14 150 z110 0059 2110 2221 ~164.1 12 23.8 -174 4 0.300 16 SMF Mode 1/B12.
2221 0059
1263 14 151 1608 1930 1608 1704 -162.7 12 24.3 -174 7 0.200 16 SMF Mode 1/Bl2.
1704 1930

JPL TECHNICAL MEMORANDUM 33-426, YOL. V
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Table 33 (contd)

Ground Mode Avg Configuration
Day End Start/Stop Time Signal T
Pass | DSS of A'cq of Str Configuration System | Receiver No. Error Bit
No. No. v Time | qpo g dbm Cade Temp Thresh of Rate Rate Comments
ear Tk 1 1-way | 2-Way |3-way °K (dbm) | Cmds
1265 14 153 1500 | 2000 1500 1557 -163.9 | SMF Mode 1/B12 23.2 -174 7 0. 300 16
1557 2000
1267 14 155 1453 1900 1453 1547 ~163.8 | SMF Mode 1/B12 23.2 -175 7 0.350 16
1547 1900
1268 14 156 1435 1900 1435 1526 ~163.0 | SMF Mode 1/B12 23.3 =175 8 0.350 16
1526 1900 .
1269 14 157 1411 1900 1411 1511 -164.4 | SMF Mode 1/B12 23.6 =175 5 0.200 16
1511 1900
1270 14 158 1412 1900 1412 1511 -164. SMF Mode 1/B12 22.8 -174 7 0.300 16
1511 1900
1275 14 163 1275 | 0100 1914 2006 ~165.0 | SMF Mode 1/B12 23.4 =175 7 0.250 16 |At 2217, the antenna went to brake
2006 2250 mode due to low film height (TFR~
2250 2318 136158). Antenna back on point at
2318 0100 2224.
1277 14 165 1643 | 2247 1643 1747 -164.7 | SMF Mode 1/B12 22.8 175 8 0.150 16 ]At 1856, antenna went to brake mode.
1747 1929 Pedestal emergency occurred when
1929 2020 stop button was inadvertently
2020 2247 engaged. At 2128, TCP was out of
lock - spurious interrupt, cause
unknown. TCP reloaded and back
in lock at 2138.
1279 14 167 1609 | 2200 1609 1708 -164.4 | SMF Mode 1/B12 23.4 ~175 8 0. 600 16
1708 2200
1285 14 173 1615 | 2230 1615 1723 | -166.0 | P1/D1/B12 22.8 =174 6 0.400 8 | High noise in last two hours of
1723 2230 track. A 3-db drop in signal leve
1287 | 14 175 | 1606 | 2101 1606 1816 ~162.4 | P1/D1/B12 24.2 -173 4 0.000 16 |was indicated - reason unknown.
1816 1827
1827 1834
1834 1850
1850 1904
1904 2101
1288 14 176 1506 1801 1506 1604 -165.6 { P1/D0/B12 1 BAD 8/
1604 1801 P1/D1/B12 16
1292 14 180 1644 | 2230 1644 1741 -165.0 | PO/D1/B12 N/A N/A 19 0.000 8
1741 223¢

In general, the parity error rate was 0.000. However,
DSS 14 was required to perform boresights during most
passes. The parity error rate increased on passes on
which boresights were performed.

The telemetry bit rate mode was at 8 and 16 bits/s
during the second quarter. The rate for passes 1053
through 1058 was bad because the spacecraft was ap-
proaching solar occultation. During January, February,

-150
PASSES 929-959
E DSS 14
5 O = AVERAGE SIGNAL STRENGTH PER PASS
=
G
é -160
&
3 090090090909 000000 09000 _ 000Q
3 PREDICTED SIGNAL STRENGTH WITH LINEAR POTARIZATION
&
PREDICTED SIGNAL STRENGTH WITH CIRCULAR POLARIZATION
-170
183 193 203 213
DAY OF YEAR
Fig. 72. Downlink signal strength vs day of year
(July 1968)
88

and March 1969, the parity error rate was 0.000 at
8 bits/s and 0.250 at 16 bits/s. The rate was below the
threshold for good telemetry at 8 bits/s during April.
However, for 16 and 64 bits/s, the rate was above the
good telemetry threshold. During May, the parity error
rate exceeded the threshold for all good telemetry at
8 bits/s except on pass 1237. The rate for 16 and 64 bits/s
was also above 0.116. During June, the parity error rate
exceeded the threshold for good telemetry in all cases
except on pass 1287 at a bit rate of 16 bits/s.
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/ WITH LINEAR POLARIZATION
z 162 Q
% o)
o)
< -163 Q U0
o o1 -
Z 164 o
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Fig. 73. Downlink signal strength vs pass number
(August 1968)
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Fig. 87. Parity error rate vs pass number (June 1969)
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Fig. 88, Auxiliary oscillator frequency vs day of year
(July 1968)

Predicted Frequency Performance

Plots of the measured auxiliary oscillator frequency

are illustrated in Figs. 88-97 for the purpose of evaluat-
ing predictions. These plots are updated from one re-
porting period to another. When expected predictions
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differ substantially from actual values, a new predicted
curve based upon the latest actual values received is
illustrated. When the spacecraft was tracked in the two-
way noncoherent mode, the plot only represents an esti-
mation. At 8 bits/s, the telemetry data was recycling
every 28 min. By monitoring the subcommutator identi-
fication (SCID) frames 10, 23, and 24, and word 19 for
receiver-lock indication, the maximum error for receiver-
lock time could be resolved down to 11 min 24 s. With
the station tuning at 3 Hz, the receiver-lock time would
be a maximum frequency error of 34 Hz.

No acquisitions were made on channel 6 during July,
August, and September, and no acquisitions were made
on channel 7 during November and December. Best-lock
frequency vs pass number is presented in Figs. 98-105.
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H. Predicts and Commands

Predicts generated for Pioneer VI to July 1, 1969, are
presented in Table 34. During April, analysis indicated
a bad orbit solution was being used to generate predicts.
The orbit error varied from 200 Hz off at the start of the
report period to 300 Hz off at the end of the period.
The predicts were bad because of a lack of data points
to help extend the orbit. It was decided to return to the
original orbit conditions (Table 34, runs 90M and 90N).

The cumulative total of commands transmitted to
Pioneer VI at the end of June 1969 was 6017. A total of
698 commands were transmitted during this reporting
period. Transmission of commands to the spacecraft was
resumed during September 1968 for the first time since

96

Table 34. Prediction summery

Avxiliary GI:OIII‘Id frans-

mitter synthe-
Predict oscillator sizer fre- Sample
No.# freq y or q y for best Coverage rate. s

driver fro- lock at zero '

quency, MHz doppler, MHz
80A 2292.053000 21.98536500 6/1-8/1/68 900
808 2292.053000 21.98886500 6/1-8/1/68 900
81A 2292.052900 21.9853500 8/1-9/1/68 900
81B 2292.05 21.98 8/1-9/1/68 900
82A 2292.052200 21.985345 9/1-10/1/68 900
828 2292.05220 21.988845 9/1-10/1/68 900
83A 2292.051360 12.985330 10/1-11/1/68 900
83B 2292.051360 21.988828 10/1-11/1/68 900
84A 2292.050510 21.985290 11/1-12/1/68 900
848 2292.050510 21.988830 11/1-12/1/68 900
85A 2292.050400 21.985295 {12/1/68-01/1/69 900
858 2292.050400 21.988820 |12/1/68-01/1/69 900
86A 2292.050410 21.985345 01/1-2/1/69 900
86B 2292.050410 21.988790 01/1-2/1/69 900
87A 2292.051650 21.985315 2/1-3/1/69 600
878 2292.051650 21.988902 2/1-3/1/69 600
88A 2292.052300 21.985340 3/1-4/1/69 600
888 2292.052300 21.988920 3/1-4/1/69 600
VP5 2292.053000 21.988940 7/1-7/1/70 1800
8%9A 2292.053000 21.985370 4/1-5/1/69 600
898 2292.053000 21.988940 4/1-5/1/69 600
90A 2292.053000 21.985350 5/1-6/1/69 600
90B 2292.053000 21.988890 5/1-6/1/69 600
20M 2292.053000 21.985350 5/10-6/1/69 600
FON 2292.053000 21.988890 5/10-6/1/69 600
91A 2292.053000 21.98 6/1-7/1/69 600
91B 2292.053000 21.988950 6/1-7/1/69 600
3A = channel 6; B = channel 7; VP = view period; M = channel 6

special run; N = channel 7 special run.

the end of March 1968. The problems that caused the
cessation of command transmittal were reported in the
previous annual report document. Commands by pass
and day for this reporting period are reported in
Table 33. Command anomalies are reported in the pass
chronology.

l. Pass Chronolagy

Tracking periods covered are identified by pass num-
ber, which is the number of times since launch that the
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spacecraft has been above the horizon of a particular
station. Unless otherwise noted, the following entries
refer to DSS 14.

Pass 931, Because the engineering support group was
working on a low spot in the hydrostatic bearing, there
was a short delay in spacecraft acquisition.

Pass 938. A communications patching problem devel-
oped at DSS 14 that caused the telemetry command
processor science data and tracking data handling sub-
system teletype data to be garbled. The normal flow of
data was resumed after a 13-min delay.

Pass 941. Station computer stopped tracking three
times because of commercial power transients.

Pass 957. All ground communications were lost be-
tween DSS 14 and the SFOF for nearly 2 h because
the building contractor at the station inadvertently cut the
main cable linking DSS 14 with the Goldstone Commu-
nication Center. Tracking was completed in the record-
only mode.

Pass 973. Magnetic tapes IA and IB failed to record
the receiver in-lock indication during the first half of the
pass because of a damaged patch board. The problem
was corrected by reseating the associated patch cord.

Pass 983. The demodulator was 17 min late in locking
up because a normally unused source switch was left in
the tape position.

Pass 979. Engineering data was invalid at 1331. The
TCP program was reloaded at 1338. A spurious interrupt
dumped the program, and reloading was necessary. At
1410, engineering telemetry data sheets indicated that
values were out of limit; the program was reloaded.

Pass 998. A hydrostatic bearing pad recess flow valve
failure caused the antenna to go to brake mode. Repair
of the valve relieved the brake mode condition.

Pass 1000. TDH data condition code problems were
experienced from 1707 to 1754. One-way doppler button
was in off position.

Pass 1001. A second autocollimator was being installed
at DSS 14; therefore, the angle data for pass 1001 was
invalid. Installation of the autocollimator was completed
on pass 1002,
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Pass 1002. Downlink signal strength became degraded
on both receivers. To resolve the problem maser 1 was
replaced by maser 2.

Pass 1005. Because of incorrect printout of battery cur-
rent and temperature, 1 min 45 s of data was lost. The
TCP was reloaded.

Pass 1007. Spacecraft acquisition was accomplished
in the two-way noncoherent mode on channel 7. All
commands transmitted were successfully received by
Pioneer VI. Subsequent acquisitions were made on
channel 7.

Passes 1011 and 1012. The antenna went to brake
mode because of low oil film height on pad 3; close
examination revealed dirt in the area from 127 to 140 deg.
This problem was resolved during regularly scheduled
maintenance periods later in the year. At 1515 on
pass 1011, command 101 stopped on the 19th bit; the
command was retransmitted at 1517.

Pass 1014. At 1746, the receiver glitched in and out of
lock, causing TCP to lose word frame sync.

Pass 1022. Tuning required 42 min (a TDH problem);
12 min of metric data was missing. Twenty-six bad data
condition code points, other than tuning, were counted.

Pass 1023. Tuning took 43 min. Ten bad data condi-
tion code points, other than tuning, were counted.

Pass 1027. Servo-hydraulics pump was lost at 1558:
15 due to operator error. At 1558:38, the receiver and
TCP were out of lock; they were back in lock at 1604,

Pass 1028, Tuning took 48 min. At 2313, transmitter was
off due to a broken coolant hose at elevation bearing.
One bad data condition code point, other than tuning,
was counted.

Pass 1032. Tuning took 46 min. At 1435, there was no
telemetry output from receiver 1 because of loose con-
nector; receiver 2 was switched on until return to receiver 1
at 1544. Transmitter failed because of high-voltage ac
overcurrent at 1530:30. Transmitter turned on at 1532

Pass 1033. Power glitch caused the TCP to lose pro-
gram at 1715; TCP was reloaded and in lock at 1721.
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Pass 1032. Tuning took 46 min. At 1435, no telemetry
output was received from receiver 1 due to loose con-
nector; switched to receiver 2. Receiver 1 was switched
on at 1544. At 1530:30, the transmitter failed due to high-
voltage ac overcurrent. Transmitter was turned on at 1532.

Pass 1036. Tuning took 46 min. Nine bad data condi-
tion code points, other than tuning, and 2 garbled points
were counted.

Pass 1037. Tuning took 45 min. Four bad data condi-
tion code points, other than tuning, were counted.

Pass 1043. Tuning took 64 min. Ninety-three bad data
condition code points, other than tuning, and 2 garbled
points were counted. At 1448 and 2028:25, the transmit-
ter failed, accounting for some of the bad data time.
Twelve min of data at 1-s sample rate helped raise the
good data percentage.

Pass 1044. Tuning took 38 min. Eighty-two bad data
condition code points, other than tuning, and 1 garbled
point were counted. The cause of the high number of
bad data condition code points was not determined.

Pass 1045. Tuning took 30 min. Ninety-two bad data
condition code points, other than tuning, were counted.

Pass 1046. Tuning took 37 min. Other than tuning,
there were 127 bad data condition code points counted.

Pass 1047. The receiver was out of lock at 1630. The
polarizer spun out of control, causing loss of uplink. As
a result commands 101 at 1645 and 061 at 1700 appar-
ently did not reach the spacecraft. Tuning took 75 min.
This was a two-way coherent pass. Other than tuning,
there were 399 bad data condition code points counted.

Pass 1049. Tuning took 71 min. This was a two-way
coherent pass. Other than tuning, there were 282 bad
data condition code points counted. The receiver glitched
badly throughout the pass.

Pass 1050. Tuning took 45 min. This was a two-way
coherent pass. A total of 3 h 13 min of track was taken
at a 10-s sample rate. Other than tuning, there were 354
bad data condition code points counted.

Pass 1052. DSS 12 GOE failed to transmit command 101.

Pass 1177. Station tuned 101 min in attempts to gain
two-way lock, having used an incorrect frequency in an
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attempt to acquire the spacecraft in two-way mode. The
antenna went to brake because of low film height on
Pad 3. Two min 33 s of telemetry data was lost.

Pass 1178. The station had a utility power surge and
lost binary-coded decimal time. It was suspected the |
high noise was a result of a timing error caused by .
the power surge. The antenna went to brake and the
receiver dropped lock because of low film height at
2025:56. One min 20 s of data was lost.

Pass 1181. The station tracked in a two-way nonco-
herent mode. No anomaly was found as a cause of high
noise present throughout this pass. The received signal
strength was 9.4 dB above threshold; the receiver was
believed dropping cycles.

Pass 1188. At 1611:27, the station switched to SMF
mode 2 and attempted to acquire the spacecraft on
channel 6. Three h 5 min was lost in this unsuccessful
attempt. Channel 7 was acquired at 2010:20 and was
noisy.

Pass 1201. The station had numerous blunder points
and receiver out-of-lock indications. Received signal
strength was 9 dB above receiver threshold. The station
was suspected to have an equipment malfunction. Equip-
ment which caused the high noise and blunder points
was believed to be the doppler counter. Figure 63 shows
the large deviation of raw doppler data from nominal.

Pass 1202, The station had numerous blunder points
and receiver-out-of-lock indications. It was determined
that the doppler counter was not updating in the
10-millionth count. The station was requested to make an
investigation to determine why the receiver was drop-
ping lock so frequently. Figure 64 illustrates the com-
plete randomness of the raw doppler data on Pass 1202,

Pass 1205, The PC 141 in the timing system jumped
time and caused a failure in the antenna pointing system.
This problem was corrected by resetting the PC 141,

Pass 1207. The rectifier beam interlock switch tripped
because of high voltage overload and caused loss of
transmitter power. The switch was reset and all indica-
tions returned to normal.

Pass 1209. The station had many blunder points.
Received signal strength was 7.3 dB above receiver
threshold.
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Pass 12]12. The station experienced high noise: a switch
was made from rubidium 1 to rubidium 2, but high noise
continued. Communication outage occurred from 2033
to 2039. There were many garbled lines of TDH. High
noise appeared to be caused by a timing offset. Noise
spikes ranged from 60 to 80 cycles.

Pass 1219. At 2050, an antenna emergency occurred
because the rotating stairway was blocked; delay caused
late acquisition of the spacecraft.

Pass 1221. At 1923:25, beam voltage interlock kicked
the transmitter off due to air condition overcurrent. In-
terlock was reset; transmitter was on at 1923:35.

Pass 1223, From 2050 to 2149, station tracking data
was bad; the problem was caused by a bad start (sample
timing off). The TDH punches were restarted and op-

eration was normal. All data was lost between 2050
and 2149,

Pass 1225. The PC 141 clock had an error of 200 ms
from 1858 to the end of pass at 2100. Station master
equatorial was out, and Pioneer VI was tracked in pre-
cision mode 2.

Pass 1228. The antenna went to brake mode. Dirt was
found on the film height transducer probe.

Pass 1229. The transmitter was operating at 10 kW
instead of 20 kW because of motor generator set outage.
The problem was in the frequency regulator, which was
replaced.

Pass 1235. There were 10 blunder points recorded on
the data.

Pass 1237. The TCP glitched in and out of lock from
1415 until 2025, when the pass was terminated to check
the problem. Receiver 2 was prime for telemetry only
from 1902 to 1930. Receiver 1 was prime for telemetry
from 1930 to pass termination. The station experienced
high noise and four blunder points.

Pass 1238. At 1644, TCP beta was noted as glitching
in and out of lock. At 1759, the master equatorial went
to brake mode; PC 141 was off. At 1800, the antenna
went to precision mode 1, and PC 141 was reset at 1801.
At 1956, the antenna went to sidereal mode; PC 141 was
again off. DSS 14 was unable to keep PC 141 set, and
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permission was given to change rubidiums. At 2025, the
station switched from rubidium 2 to rubidium 1; PC 141
was reset at 2030.

Pass 1240. Tracking data was garbled from 1445 to
1511. The station replaced card A-25 in PC 142. The
station was notified of a large blunder point occurring
every 4 min. Analysis indicated a doppler counter prob-
lem. The TDH was taken off line for troubleshooting at
1710. At 1744, TDH was sampling and on line; card B-8
in doppler counter 2 was replaced. All angles were bad
because the antenna was in precision mode 2 because
of master equatorial update.

Pass 1241. A loss of transmitter power occurred be-
cause of low beam voltage. A readjustment was made.

Pass 1242, Because of a power supply intermittent
open source, the 1-MHz reference was off from the dis-
tribution amplifier. As a result, the FTS 1I clock stopped
at 2225. The clock was reset at 2250,

Pass 1246. The station tracked in precision mode 2.
Many receiver glitches were observed during the pass.
At 1635, the antenna went to brake mode; the emer-
gency stop button was accidentally actuated. The
antenna was back on the spacecraft at 1638.

Pass 1247. During troubleshooting of a declination
angle readout problem, the wrong card was pulled and
the antenna went to brake mode. The declination read-
out problem was corrected at 1744,

Pass 1249. The transmitter went off at 2203 because
of a high-voltage ac overload. The transmitter went on
at 2204, From 2229 to 2258, the TDH VCO counter had
a trigger problem. This problem was corrected by an
adjustment at 2258.

Pass 1267. Three severe jumps occurred in the doppler
data received from DSS 14, No anomaly was located at
the station. Solar activity was believed to be the cause.

Pass 1268. Blunder points still appeared in the doppler
data. Station equipment was rechecked but no anomaly
was found. Solar activity in the area of Pioneer VI
continued.

Pass 1269. Four blunder points were recorded in the
doppler data. Solar activity still existed in the Pioneer VI

99



area, but the intensity was low. Station system noise
temperature during this pass was high. High-voltage ac
overload caused loss of transmitter power; the breaker
switch was reset.

Pass 1275. The antenna at DSS 14 went to brake mode
at 2217 because of low film height; the antenna was
back on point at 2224.

Pass 1277. The antenna went to brake mode at 1856
because the pedestal emergency stop button was inad-

vertently engaged. The antenna went to precision mode 1
at 1857,

100

Pass 1285. The last 2 h of track in the high noise mode
showed a 3-dB drop in received signal level. No appar-
ent cause was found. This was the first Pioneer VI pass

tracked after installation of the S-band Cassegrain
ultracone.

Pass 1287. Difficulty was encountered in the acquisi-
tion of the spacecraft on channel 7. Although the space-
craft was acquired on channel 7, it was lost after a few
minutes because the polarizer was rotated to set up
for acquisition on channel 6. The spacecraft was then

acquired and tracked on channel 6 with no further
problems.
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Appendix

Pioneer Calendar, June-November 1968
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ACQ
AGC
AFETR
AOS
APC
APS
ARC
AZ
AZ-EL
B12
CDC
CDhU
CMD
DEC
Demod
DI
DIS
DO

DSIF
DSN
DSS
DSU
DTU
GCF
GMT
GOE
HA-DEC
HSD
iMP
IRS
LCP

Glossary

acquisition

automatic gain control

Air Force Eastern Test Range
acquisition of signal

automatic phase control

antenna pointing subsystem

Ames Research Center

azimuth

azimuth-elevation

bandwidth 12 Hz

Command and Data Handling Console
command distribution unit

command

declination angle

demodulator

diplexer in, one- and two-way operation
digital instrumentation subsystem

diplexer out or bypassed; one-way operation
only; reduces system noise temperature

Deep Space Instrumentation Facility
Deep Space Network

Deep Space Station

data storage unit

data transmission unit

Ground Communications Facility
Greenwich mean time

ground operational equipment
hour angle/declination

high speed data

Interim Monitor Program
infrared spectrometer

left circular polarization
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MMSA
MSFN
NASCOM

OCC

Pass

PER
PI

PIN
PO
RCV
RCVR
RCP
RTLT
SDA
SFOF
SMF
SNR
SPE
TCP
TDA
TDH
TDP
TDS
TFR
TLM
TTY
TWT
TXR
W/F

multimission support area
Manned Space Flight Network

National Aeronautics and Space
Administration Communications Network

operations control chief

pass number or number of times the space-
craft has passed over the station

parity error rate

polarizer in, eliminating 3-dB circular
polarization loss

paralleled input

polarizer out
Receiver-Exciter Subsystem
receiver

right circular polarization
round-trip light time

systems data analysis

Space Flight Operations Facility
S-band multiple frequency
signal-to-noise ratio

static phase error

telemetry command processor
tracking and data acquisition
tracking data handling subsystem
tracking data processor
Tracking and Data System
Trouble/Failure Report
telemetry

teletype

traveling wave tube
transmitter subsystem

word/frame

XMTR ref freq transmitter reference frequency
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