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1 OVERVIEW

This bundle contains fine-time scale Interplanetary and Venusian magnetic fields data acquired by
the Triaxial Low Field Helium Magnetometer on Mariner 5 [1]. The data products are the ASCII-
converted, reformatted contents of experimenter-supplied data set on a binary IBM 7094 magnetic
tape that contains PSFP-00087 and PSFP-00120.

2 Triaxial Lower Field Helium Magnetometer Experiment
Description

For this experiment a low-field helium magnetometer was used to obtain triaxial measurements of
interplanetary and Venusian magnetic fields. Its operation depended on the variation in
absorptivity of excited helium to circularly polarized infrared light with applied field.

Swept Helmholtz coils nulled the ambient field by use of feedback circuits. Mounted ona 1.5-m
boom, the instrument's dynamic range was plus or minus 204 nT per axis, with a measurement
precision determined by telemetry constraints of plus or minus 0.2 nT. Offset fields were
correctable to within 0.25 nT per component. The experiment operated in a high (low) bit-rate mode
of 3 vector samples spaced 1/7, 2/7, and 4/7 of the sequence every 12.6 (50.4) s. Thus, the Nyquist
frequencies were about 0.12 and 0.03 Hz respectively.

High-rate data were obtained from June 14 to July 24, 1967, and for 4 hours on October 25, 1967.
Low bit-rate data were obtained for the remainder of the experiment's useful lifetime. Quality of
data was high except during September 23 to October 1, 1967, when telemetered data were of
uncertain quality. NSSDCA has all the data from this experiment.

3 Interplanetary and Venusian Magnetic Fields Data Bundle

3.1 Bundle Overview

This bundle consists of the two collections of data and a document collection summarized below.
The PDS Logical IDentifier (LID) for this bundle is urn:nasa:pds:mr5-mag. This bundle complies
with PDS4 Standards Reference, Version 1.24.0.0 [4]

Collection LID, Start Date Stop Date | Brief Description
Directory Name
urn:nasa:pds:mr5-mag:data_cruise 1967-06-16 | 1967-11-21 | The Data Collection fields data

(Interplanetary cruise data only without
Venus encounter data) acquired by the
Triaxial Low Field Helium Magnetometer
on Mariner 5.

data_cruise/

urn:nasa:pds:mr5- 1967-10-19 | 1967-10-19 | The Data Collection fields data acquired
mag:data_encounter during the Venus encounter by the
Triaxial Low Field Helium Magnetometer

data_venus_encounter/ .
on Mariner 5.




urn:nasa:pds:mr5-mag:document 1967-06-16 | 1967-11-21 | The Document Collection contains this
user guide, the NSSDCA's data
description documents for PSFP-00087,
PSFP-00120 that are necessary for
interpreting the data products, known
errata, and supplemental
documentation related to quality flag
filtering of the cruise magnetic field
data.

document/

4 Interplanetary Cruise Magnetic Fields Data Collection

4.1 About PSFP-00087, The Source Data

This collection contains fine-time scale Interplanetary magnetic fields data acquired from 1967-06-
14 t0 1967-11-21 by the Triaxial Low Field Helium Magnetometer on Mariner 5. The data were
originally produced on a binary magnetic tape and held at the NSSDCA as dataset PSFP-00087
(Interplanetary).

The NSSDCA also maintains a PDF document (hereafter psfp00087_mr5_mag_data_notes.pdf,
found in the Document collection) that identifies the data files contained in PSFP-00087 and
provides the details and formats of the data file. The NSSDCA designation for this document is
Dataset Catalog #185.

We note psfp00087_mr5_mag_data_notes.pdf identifies the data file contains measurements
during the period from June 14 to November 22, 1967. However, it is found that there are chunks of
data missing near the closest approach to Venus (from 11:00 to 18:00 on Oct 19), where the
spacecraft was measuring near-Venus magnetic environments. On the other hand, we identified
another data set that covers the Venus approach period in a different format, and that is included
as a separate collection in this bundle.

4.2 Reformatting to Comma-Separated Value (CSV) Products

After downloading the source file from tape, we converted the binary to ASCIl and reformatted
them accordingly:

1) Removed two-byte leading words (indicating the length of each record) and restored each
parameter after removing two leading zero bits (zero padding) in each byte due to the fact that the
data was originally written on a 6-bit machine.

2) Wrapped each record in the following order.

Name Spacecraft: Experiment format
RECORD_N | sequential record number (added for user reference) integer
RATE 0 for low rate data integer

1 for high rate data (Oor1)
(this column was added for user reference)
NTYPE type of record (1,2,3,4) integer
NT(1) day from beginning of year (Jan 1 is day 1) integer
NT(2) hour integer




NT(3) minutes integer
NT(4) integral part of second integer
NT(5) fraction of second, in 32nd of a second integer
uTC time in UTC format, calculated using NT(1) ~ NT(5) string
(this column was added, not from the original binary data)
1J(J) spike tag for the Jth vector (J=1,2,3) integer
Each record (i.e., one frame) contains three pairs of vector component measurements, (Oor1)
denoted as IPM(1,)), IPM(2,J), and IPM(3,J), along with the corresponding data quality flags,
1J(J) and IR(J), that loop in the ASCII file.
IR(J) range tag for the Jth vector (J=1,2,3) integer
(Oor1)
IPM(1,)) R component of the Jth vector reading in frame (J=1,2,3) float
IPM(2,)) T component of the Jth vector reading in frame (J=1,2,3) float
IPM(3,)) N component of the Jth vector reading in frame (J=1,2,3) float
MF(1) DAS bit number 25 integer
(Oor1)
MF(2) DAS bit number 211 integer
(0or1)
MF(3) Frame count (an integer assigned to each frame) integer
MF(4) Quality control prefix from the quality word for this frame integer
MF(5) frame count (modulo 2048) for 32 frames from the beginning of the sequence integer
MF(6) NDCI from the quality word integer
(Oor1)
MF(7) Used to locate time jumps and frame count anomalies integer
(Oor1)
MF(8) Used to locate time jumps and frame count anomalies integer
(Oor1)
MF(9) Used to locate time jumps and frame count anomalies integer
(0or1)
MF(10) 1if dummy data has been inserted integer
2 if frame count has been corrected
3 during roll period
0 otherwise
MF(11) During the magnetometer calibration, this is integer
1 for frames 1-4 of their sequence
2 forframes 5-8
6 forframe 9
3 for frames 17-20
5for frame 25
0 otherwise
MF(12) During the magnetometer calibration, this is integer
2 for frames 1-4 of the sequence
1 for frames 17-20
CR(1) distance of Mariner from Sun (Km) float
CR(2) latitude of Mariner in SEC (degrees) float
CR(3) longitude of Mariner in SEC (degrees) float
CR(4) distance of Earth from Sun (Km) float
CR(5) latitude of Earth in SEC (degrees) float
CR(6) longitude of Earth in SEC (degrees) float
CPHI cosine of the angle float
SPHI sine of the angle used to rotate from the XYZ space-craft system to SEC float

Table 1. List of parameters and the format for each record.




4.3 Key Notes

This data was extracted and converted to ASCII solely in accordance with the included Pl-supplied
document ( "psfp00087_mr5_mag_data_notes"). Users are strongly encouraged to consult the
above data provider's documentation for comprehensive details and guidance on proper data
usage. Below, we summarize several key points that users should keep in mind.

The basic coordinates are in a spherical polar coordinate system (solar equatorial coordinates)
Br=-Bz

BT = Bx*CPHI - By*SPHI

Bn = -Bx*SPHI - By*CPHI

The magnetic field components IPM(l,J), originally given as integers from +511 to -511 were divided
by 10 during the binary-to-ASCIl conversion to obtain units of gamma (nT). These magnetic field
readings are corrected both for the spacecraft field and the calibration sequence.

The basic data sampling sequence is called a frame. The real time sampling length of the frame is
12.6 (50.4) seconds at the high (low) rate and each frame has one time associated with it. Three
vector readings of the magnetic field are returned per frame. The readings are delayed beyond this
time by 1/7 of the frame interval for IPM(*,1), by 2/7 for IPM(*, 2), and by 4/7 for IPM(*,3). Therefore,
one may add 1/7th, 2/7th and 4/7th of the length of the frame (12.6 sec or 50.4 sec for high and low
rates, respectively) to the start time of each frame to assign the times for each of the three
magnetic vectors. The high data rate period extended from the beginning of the mission until July 24
, 1967 (day 205, record number 240382), after which time data were taken at the low rate except for
four hours of high rate data on day 298 (record numbers 372346~ 373512); there are approximately
40 days of high rate data and 120 days of low rate data.

Listed below is a quick tip to help a user get the most out of the data quality flags.
¢ IfIRis non-zero, the reading should never be used.

e [IflJis non-zero, the reading may or may not be usable, depending on the user’s judgment.
When the telemetry stream is bad, it is usually very bad (i.e., producing extremely large field
values), and such cases are flagged by IR.

e Occasionally, there are bad data that are not out of range but produce spikes in the field
values. These events are flagged by 1J. They are not necessarily bad, but probably are.

e The data are almost certainly bad if MF (6) (number of telemetry words in error) is non-zero, or if
ME (10) =2, which indicates that the frame count for that frame had to be corrected and usually
implies other potentialissues.

o Example plots illustrating the effects of applying these quality flag filters to the cruise magnetic
field data are provided in mariner_5_mag_flag_filtering.pdf in the Document Collection.

Caveats:

Each source record begins with 6 extra bytes of an unidentified parameter. Since this does not
appear to belong to the original data, it was excluded during the conversion to ASCII output.



The first block of 128 records in the source file was a duplicate of the following block and has been
removed.

Source records with NTYPE=2 (also called skip records, each 198 bytes in size) were excluded from
the ASCII conversion, since they either contain no useful data or cannot be reliably interpreted.

Source records with NTYPE=3 (also called end records; there are only two in the dataset, each 108
bytes containing a single data frame) were found to contain noisy data and have been omitted.

In addition, 29 data records (between record numbers 240482-240483; 240484-240512 prior to
deletion) were removed from the CSV file because they consisted entirely of noise and could not be
corrected.

There are gaps in the data near the spacecraft's closest approach to Venus (from 11:00 to 18:00 on
October 19), where the spacecraft was measuring near-Venus magnetic environments. On the
other hand, we identified another data set that covers the Venus approach period in a different
format, which will be provided as a separate collection in this bundle.

4.4 The Data Collection

This collection contains one data product, consisting of an ASCIll comma-separated values (CSV)
data file and a metadata label. The product is the restored and/or reformatted contents of
Mariner 5 magnetometer data files that contains PSPF-00087.

Product files in collection

ProductLID directory data/ Brief Description
urn:nasa:pds:mr5- mag_cruise_data.csv ASCII CSV file containing
mag:data_cruise:mag_cruise _data mag_cruise_data.xml interplanetary cruise magnetic

fields data acquired by the
Mariner 5 Magnetometer

5 Venus Encounter Data Collection

5.1 About PSFP-00120, The Source Data

This collection contains magnetic fields data acquired during the Venus encounter on June 19,
1967 by the Triaxial Low Field Helium Magnetometer on Mariner 5. The data file was originally
supplied on 7-track tape in binary-coded decimal (BCD) and later restored on IBM 9021 computer
in ASCIl and held at the NSSDCA as dataset PSFP-00120.

5.2 Reformatting to Comma-Separated Value (CSV) Products
After downloading the source file from tape, we reformatted them as follows:
1) Wrapped each ASCII stream file into 86-character records and appended carriage return and line

feed characters (CR+LF) as the line ending. This resulted in most of the data contained in these
files to be displayed in tabular format for easier manipulation.



2) Removed two-byte leading words written in binary that indicates the length of each record and
might have been added during the restoration.

3) Calculated UTC time stamp using the given time in decimal hours from periapsis, i.e., October
19,1967, 17:34:55.3 UT [5].

4) Wrapped each record in the following order.

Name Spacecraft: Experiment format
FRAME_COUNT | Frame Count (3 digits : 000~796), same as MF(3) in Table 1 integer
TIME Time in decimal hours measured from closest approach to Venus, float

i.e., October 19, 1967, 17:34:55.3 UT
UTC Converted UTC time (added). string
BXase X component of the magnetic field (gamma) in Aphrodiocenter Solar Ecliptic Coordinates float
BYase Y component of the magnetic field (gamma) in Aphrodiocenter Solar Ecliptic Coordinates float
BZase Z component of the magnetic field (gamma) in Aphrodiocenter Solar Ecliptic Coordinates float
B magnetic field magnitude obtained from the square root of the sums of the squares of the float
components
BXASE standard deviation of the X field component float
BYASE standard deviation of the Y field component float
BZASE standard deviation of the Z field component float
SB standard deviation of the B over the data frame float
SPHI sine of the angle used to rotate from the XYZ space-craft system to SEC float

Table 2. List of parameters and the format for each record.

The format of Venus encounter datafile is similar to that from high-resolution magnetic field data
except that quality control parameters and ephemeris data have been omitted. Also, the magnetic
field vector components, and the magnitude were averaged over the frame (where three vector
samples were obtained in each frame). The length of the frame is 50.4 seconds (i.e., low-rate data),
but the actual frame length (calculated from adjacent frames) shows variation between 46.8 to
61.2 seconds after 1967-10-19T17:59:56.500 UT

The time values, originally given in decimal hours x 10, were converted to decimal hours.

The magnetic field is given in Aphrodiocenter Solar Ecliptic (ASE) Coordinates and the magnetic
field components and their magnitudes, originally expressed in 10~> gamma, were converted to
gamma (nT).

5.3 The Data Collection

This collection contains one data product, consisting of one CSV data file and a metadata
label.

Product files in collection

ProductLID directory data/ Brief Description
urn:nasa:pds:mr5- mag_venus_encounter_data.csv | ASCIl CSV file containing
mag:data_encounter:mag_venus_enco | mag_venus_encounter_data_dat | magnetic fields data during the
unter_data a.xml Venus encounter acquired by

the Mariner 5 Magnetometer




6 Document Collection

6.1 Data Products

This collection contains six document products in PDF/A format.

ProductLID

Product files in collection
directory data /

Brief Description

urn:nasa:pds:mr5-
mag:document:bundle_user_guide

bundle_user_guide.pdf
bundle_user_guide.xml

User Guide for this bundle

ruise_data_notes

psfp00087_mr5_mag_cruise_dat
a_notes.xml

urn:nasa:pds:mr5- errata.txt known errata in the bundle
mag:document:errata errata.xml

urn:nasa:pds:mr5- psfp00087_mr5_mag_cruise_dat | NSSDCA Data Set Catalog
mag:document:psfp00087_mr5_mag _c | a_notes.pdf (DSC) that describes the

contents of the Cruise data in
binary on magnetic tape

urn:nasa:pds:mr5-
mag:document:psfp00120_mr5_mag v
enus_encounter_notes

psfp00120_mr5_mag_venus_en
counter_notes.pdf
psfp00120_mr5_mag_venus_enc
ounter _notes.xml

NSSDCA Data Set Catalog
(DSC) that describes the
contents of the Venus
encounter data on magnetic
tape

urn:nasa:pds:mr5-
mag:document:mariner_5_flag filtering

mariner_5_mag_flag_filtering.pd
f
mariner_5_mag_flag_filtering.xm
L

Example plots illustrating the
effects of quality flag filtering
on the Mariner 5 Magnetometer
cruise data

urn:nasa:pds:mr5-
mag:document:plot_mariner_5_mag fl
ag filters

plot_mariner_5_mag_flag_filters.
pdf
plot_mariner_5_mag_flag_filters.
xml

Python code used to generate
the quality flag filtering example
plots for the Mariner 5
Magnetometer cruise data
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8 Terminology and Definitions

Bundle
Collection
DAS
DSC

LID
NDCI
NSSDCA
PDF
PDF/A
PDS
PDS4
UTC
XML

A set of PDS4 collections

A set of PDS4 basic products

Jet Propulsion Laboratory's Data Acquisition System (?)

Data Set Catalogue

PDS Logical Identifier for a bundle, collection, or basic product
NASA Data Center Index (assumed acronym)

NASA Space Science Data Coordinated Archive

Portable Document Format

Version of PDF specialized for archiving and long-term preservation
Planetary Data System

Version 4 of the PDS Data Model, XML-based

Universal Time Coordinated

eXtensible Markup Language
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