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{" Abstract
\,

Y
A new system has been developed for automatically monitoring and recording
electromagnetic noise in the ELF and VLF (10—32,000 Hz) frequency band. Eight
stations are under construction, to be installed at different sites around the world
in order to map the geographic distribution of noise levels. This system is called
the ELF/VLF Radiometer to emphasize the attention paid during its design and
installation to making accurate absolute field strength measurements.

The sensing instruments installed at each site consist of two dual-channel re-
ceivers, each with two crossed loop antennas. The ELF receiver covers the frequency
range 10 to 500 Hz, and the VLF receiver the range 300 to 32,000 Hz. A bank of 16
narrowband (5% bandwidth) filters is used to monitor the energy present at selected
frequencies throughout the range of both receivers. The output of these filters is
continuously sampled by a computerized recording system, and statistical averages
are computed on-site and recorded on digital tape, along with a sample of the raw
digital data. Broadband samples of both receivers are taken periodically to provide
a check on system performance and to aid in interprefation of the statistical data.
Also recorded on digital tape are system status and gain information, as well as

messages entered by the operator.

- i
X |
_ |
/ |
|
il
o wf":‘ «r T N R ST SR INT ok e
5'&"&:*‘\4‘;’ 'd* £ $ 5 "'{':5-"‘ ‘&* i*\ 2 :?}\ \‘r;

A‘Q AR N ca gy K* ’&.‘i% g,v“‘a”:" AN, ‘1 a‘“"l‘ryu 0es.

»»»»»»



Acknowledgements

This project was supervised by Professors Robert A. Helliwell and Antony C.
Fraser-Smith. Evans Paschal performed the bulk of the circuit design, and Mike
3 Dermedziew, John Billey, and John Green provided additional engineering support.
Construction of the radiometer equipment would not have been possible without
the efforts of Paul McGill, Kevin Smith, Sean Devin, Gordon Battaille, Brad Chen,
Keith Donald, and Andrew Kalman.

Financial support was prbvided in 'part by the Office of Naval Research under
contract N0O0014-81-K-0382, by the Rome Air Development Center (RADC/EEPS)
of the U.S. Air Force under contract F19628-84-K-0043, and by the Division of Polar
Programs of the National Science Foundation under grant DPP-8316641.

iv
i (P AP Y TAPA D T LA I N R . e e T e IR A N ) 30 AR BN E SRR AR LSRR R GEC LG LORE T8 OR ERPC TR SRS ¥
’J; / { J J Qe TalsY i e RS tf‘&' X {.t¢‘$*{ vf\ .,N".',‘ }. ‘P{\t‘}"\\.l"} A -1" \:\u.#-: \',_F 1:“‘!\. {._!(‘ | I
»” > ' y by o, . " ; n 1 S 'Yy Ly ~
" ~ X DRI i Bttt st s odn VTR R




TABLE OF CONTENTS

. Chapter Page

. l.Introduction . . . . . . . . . . . ... ... ... 1

1.1. Previous Radio Noise Surveys . . . . . . . . .. .. ... ... 2

1.2. Goals of the New Radiometer System . . . . . . . . . . . ... 3

2. System Description . . . . . . . . . ... ... 0oL L. 7

2L Overview . . . . . . . .. e e e e e e e e e e e 7

4 22. VLFReceiver . . . . . . o v v v v it et 13

o 23. ELFReceiver . . . . . . . . . . . ... ... 17

24.NoiseFilters . . . . . . . . . .. . ... ..., 20

o 2.5. Control and Recording System . . . . . . ... ... ..... 22

0 26.SystemClock . . . . . . . . . .. .. 23

: 27.Control Coupler . . . . . . . . ... ..o 23

2.8. Mixer/Monitor and Analog Tape Recorders . . . . . . . . . . .. 30

!’ X 2.9. Analog/Digital Converter and Digital Tape Deck . . . . . . . . . 32

L 3.DataFormats . . . . .. .. ... ... ..., 35

: 3.1. Analog Tape Format . . . . . . . . . ... ... ... .... 35

’ 32.Digital Tape Format . . . . . . . . . .. .. ... .. .... 36

‘ 3.3. Suggestions for Data Amalysis . . . . . . . . .. ... ..... 40

N 4. The Arrival Heights Radiometer Installation . . . . . . . . . . . . .. 41

"’ 4.1. Antenna Construction . . . . . . . . . .. ... ... .. .. 41

4.2. Radiometer LabSystem . . . . . . . . . . .. ... ... .. 46

b 43.System Operation . . . . . . . .. ... . ....... ... 48

: 44.SampleData . . . . . . . . . .. . ... Lo 49

: Appendix A. Data Format Reference Manual . . . . . . . . . . .. . .. 59

Appendix B. Data Processing Examples . . . . . . . .. .. ... ... 95

: References . . . . . . . . . . . . . . i i e 101
:
&
)

‘ v

" h‘ h Pyt 4o b ) et o0 ' AR "-15 - .(\ '\‘.'4 RN 'L.\.'- AN -n"- s,
o 8 ; :gtﬁ ’(g Jw"ﬁ\f‘:"ﬂ. i’ ” _‘ N ‘ ‘l"s "?{ (-4 = % \._('\{» \ o { "P\}
AN s ' awlgh ,«l‘s‘p ) W 'x AT p“fﬁa-wh& ok .i“ JaBhaighitds




LIST OF FIGURES

Figure Page '
; 1.1. Map of Radiometer Sites . . . . . . . . . . ... ... ..... 5 .
a 2.1. Radiometer block diagram . . . . . . . . ... ... ...... 7
; 2.2. Photo of laboratory system . . . . . . . . .. ... ... .. .. 9
»; 23. ELFvaultdiagram . . . . . . . . ... ... .......... 11
i 24. VLF antennadiagram . . . . . . .. . ... .. ........ 12
l 2.5. VLF receiverblockdiagram . . . . . . . .. ... ... ..... 14
‘g'- 2.6. Receiversensitivities . . . . . . . ... ..o L0000, 15
. 2.7. ELF receiverblockdiagram . . . . . . . . .. .. .. ...... 18
3 2.8. Noise filter unit blockdiagram . . . . . . . .. .. ... ... .. 21
,: 2.9. Control coupler block diagram. . . . . . .. ... .. ...... 24
R 2.10. Mixer/monitor block diagram . . . . . . .. .. ... .. ... 31
. 3.1. Analog tape timecodeformat . . . . . . . . ... ... .. ... -35
p 3.2. Digitaltapeformat . . . . . . . .. ... ... ... ..... 37 -
‘ 4.1. MapofArrivalHeights . . . . . . . . ... ... ........ 42
J 4.2. Photograph of Arrival Heights VLF antenna . . . . . . . . . . .. 44 -
R 4.3. Pbotograph of Arrival Heights ELF vault. . . . . . . . . . . . ... 45
4.4. Arrival Heights data: McMurdo poweroff . . . . . . . . . .. ... 52
& 4.5. Arrival Heights data: power line being energized . . . . . . e e e 53
: 4.6. Arrival Heights data: allpoweron . . . . . . . . . . . ... ... 54
4.7. Arrival Heights data: 10 Hz, 30 Hz, 80 Hz, 135 Hz filters . . . . . . . 55
4.8. Arrival Heights data: 275 Hz, 380 Hz, 500 Hz, 750 Hz filters . . . . . . 56
4.9. Arrival Heights data: 1 KHz, 1.5 KHz, 2 KHz, 3 KHz filters . . . . . . 57
3 4.10. Arrival Heights data: 4 KHz, 8 KHz, 10.2KHz, 32 KHz filters . . . . 58
&
;
g vi
%
S AT L X d e NS .* . TR N T




Chapter 1. Introduction

The Earth’s radio environment in the very-low-frequency and extremely-low-

.‘ . frequency bands exhibits a rich variety of naturally occurring electromagnetic phe-
v nomena. The strongest signals consist of highly impulsive atmospheric noise emitted
¥ by lightning discharges, commonly referred to as “sferics”. These large current im-
4 pulses emit broad-band bursts of electromagnetic energy, which may propagate via
';‘ several different modes, each giving rise to unique features when observed at some
3;, distance from the source. Since the frequency of these signals is in the audio range,
8 an observer can listen to them with a simple antenna and an audio amplifier, which
Ny can convert varying electric or magnetic fields to sound waves, and it is most illus-
;) trative to describe them in terms of audible sounds. A lightning-produced impulse
\i heard at short range sounds like a sharp click or crackle, since it contains a very
;;' broad range of frequency components occurring at nearly the same instant. When

observed at a greater distance, these components begin to exhibit dispersion due to

. the low-frequency cutoff of the earth-ionospere waveguide. The dispersion causes
the low-frequency components to arrive slightly later, producing at the receiver a
chirping sound commonly called a “tweek”. Perhaps the most dramatic natural
signal is the “whistler”, which occurs when a lightning-produced impulse travels
upward through the ionosphere and into the magnetosphere, then propagates by
means of the whistler mode along the earth’s magnetic field lines out to an altitude
of several earth radii, then back to the surface in the opposite hemisphere. This
mode of propagation is highly dispersive, with a strong variation in travel time ver-
sus frequency. The received signal sounds like a whistle of descending tone lasting
up to several seconds.

Lo PR Y ]

Other less intense but more complex signals can often be heard which are not

\ the result of a lightning stimulus. Collectively referred to as “VLF emissions”,
:’ these signals are not well understood and are currently a very active research topic.
Some appear to be generated spontaneously, such as the “dawa chorus”, which
* resembles the sound of a flock of birds singing in the morning. Others are clearly
§ triggered by another signal such as a whistler or a VLF transmitter signal propagat-
Y ing through the magnetosphere in the whistler mode. These usually take the form
; of a free-running oscillation which, once triggered, may undergo wide excursions in

. frequency from that of the triggering signal before dying out. Other observed sig-
nals include various types of hiss—broadba..d, unstructured signals, often pulsating
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with a period of several seconds to several minutes.

This variety of signals, while interesting to scientists studying the processes
occurring in the ionosphere and magnetosphere, constitutes an interfering signal
to the engineer attempting to design a communication system to operate in the
very-low and extremely-low frequency bands. Such a design requires a knowledge
of the undesired signals present in the radio environment to determine the optimum
frequencies and power levels required to establish reliable communications. Since
the time of occurrence of most interfering signals cannot be known in advance,
statistical methods are normally used to characterize the noise. Monitoring the
natural radio noise can provide information on typical signal levels, diurnal and
seasonal variations, and frequency distribution to aid in choosing the most reliable
means of communication.

1.1. Previous Radio Noise Surveys

The most widely referenced atmospheric radio noise study for the last twenty
years has been the C.C.I.R. Report 322, Worldwide Distribution and Characteristics
of Atmospheric Radio Noise, published in 1963. Based on data from 16 stations
with broad geographic distribution, worldwide predictions are made for the expected
value of the noise level, as well as a measure of its impulsiveness, for frequencies
between 10 KHz and 20 MHz.

Very little work was done below 10 KHz before the work of E. L. Maxwell
and D. L. Stone during the 1960’s (Maxwell and Stone, 1963; Maxwell, 1966).
These reports presented data on the mean noise density, standard deviation, and
amplitude-probability distribution for frequencies as low as 1 Hz, based primarily on
vertical electric field measurements from a network of 12 stations, mostly distributed
along a line through North and South America.

The VLF group of the STAR laboratory of Stanford University has been study-
ing whistlers and related VLF phenomena since the 1950’s. During this time, VLF
receivers have been operated at diverse locations reaching from the South Pole to
Alaska and northern Canada, but no attempt has yet been made to simultaneously
map worldwide VLF noise. Data from Stanford’s field sites have been predomi-
nantly in analog form, with data reduction performed at Stanford, largely by means
of spectral analysis. The increasing availablity of computers for data analysis has
spurred a need for on-site digital recording.
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fi The current research was undertaken in response to the Office of Naval Research
‘: Research Opportunities Announcement (1980), in the research area entitled Envi-
- ronvental Factors Related to ELF/VLF/ULF Communications. The system design
o and the bulk of the circuit design was performed by Evans Paschal of Stanford Uni-
:i: ' versity. This report is intended to give an overview of the system and the goals of
Iﬁf the experiment, and to provide a basic reference for those wishing to work with the

resulting data. Readers desiring more thorough documentation of the radiometer
system should consult the system manual provided with each field unit and the

?'u ELF/VLF Noise Survey Software Reference Manual by Evans Paschal.

, 1.2. Goals of the New Radiometer System

>,

& The goal of this project is to provide worldwide statistical information on the
:\2 distribution of natural radio noise in the ELF and VLF frequency *znge. To help
) achieve this goal, a new system has been developed, which we call a raiometer to
&0 emphasize its quantitative analysis capabilities. The new system has three major
é enhancements over systems previously used by Stanford’s VLF research group:

% ;" 1. Increased geographic coverage with a series of stations widely spaced in both
) latitude and longitude.

\ 2. Extended frequency coverage, from 10 Hz to 32 KHz.

i 3. On-site digital recording capability to facilitate analysis of the data.

) In order to provide sufficient data to map the global distribution of ELF/VLF
::5 noise, eight widely spaced observing sites are being established. The proposed
station locations are listed with their geographic coordinates in Table 1.1 and shown
i’:} on a world map in Figure 1.1.

: These locations are widely distributed in both latitude and longitude, cover-
E ing low latitudes well equatorward of the nominal plasmapause position (Stanford,
;f Dunedin, Japan, Italy), near the plasmapause region (New Hampshire, Arrival
Wf

Heights), and the auroral zone (Thule and Sondre Stromfjord). On many occa-
sions the Greenland sites will be well inside the polar cap region. Another major
consideration in site selection is the availability of suitable facilities and personnel
for routine operation.

| A LS

. The system’s frequency range is divided into two overlapping ranges, covered
by two independent receivers; a VLF unit covering the usual band from 300 Hz
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TABLE 1.1. Site Locations and Coordinates for Radiometer Stations

Station Coordinates

h, Arrival Heights, Antarctica 78°S, 167°E
3 Sondre Stromfjord, Greenland 67°N, 50°W
: Thule, Greenland 80°N, 60°W
' Dunedin, New Zealand 46°S, 170°E
! Kochi, Japan 33°N, 134°E
> ~ Stanford, California 37°N, 122°W
: New Hampshire 43°N, 72°W
L’Aquila, Italy 42°N, 13°E

o

to 32 KHz, and a new ELF receiver covering 10 Hz to 400 Hz. Each receiver has

3 two channels with crossed loop antennas, oriented vertically in the East-West and
) North-South directions. The ELF receiver will provide broadband and statistical
¢ data for a band that has historically received little attention. Broadband recordings X
will be made from both receivers, nominally on a synoptic basis (i.e. 1 minute

: recording every 30 minutes), although this can be easily changed by the operator to
continuous recording for periods of special interest. The VLF band will be recorded
' on standard 1/4” audio tape, while the ELF band will be sampled and recorded on
standard 1/2” digital tape. The sampling rate for the broadband ELF will be 1000
samples per second, allowing complete reconstruction of signals up to 400 Hz.

In order to facilitate statistical analysis of the noise characteristics, a set of
narrow-band filters has been added to the system. These 5% bandwidth filters are
evenly distributed throughout the ELF and VLF bands. The envelope of the filter
outputs is sampled continuously by the computer to allow computation of statistical

averages.

- The on-site digital recording consists of two major forms of data: the broadband
.- ELF data, sampled at 1000 samples per second during scheduled recording periods,
' and the low-speed samples from the narrow-band filters, typically recorded at 1
;1 sample per second for all 16 filters. Computed statistical averages, along with sta-
2 tion status information and operator messages, complete the recorded information.
: Much of the radiometer data, therefore, arrives at the analysis lab already in digi-

— tal form, eliminating the need for post-digitizing when digital processing is desired. :

‘; The ELF broadband data can still be viewed in analog form by passing it through

3
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Figure 1.1. World map showing the locations of the eight radiometer installations.
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a digital-to-analog converter. Statistical quantities, consisting of root-mean-square,
e maximum and minimum amplitudes, are maintained continuously and recorded at
. the end of every minute, independent of the noise filter sampling rate. This data
't can be read and listed directly from the tape with no further processing required.
The unprocessed statistical samples are also recorded, normally at 1 sample per
{9:3 second, to allow additional digital processing at a later date.
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Chapter 2. System Description

2.1. Overview

The radiometer system is shown in block diagram form in Figure 2.1. The
primary data are provided by two radio receivers covering the ELF and VLF bands,
each having two quadrature antennas and two receiving channels. For the purposes
of this description, the term ‘ELF” is used to refer to the band 10 Hz to 400 Hz, and
‘VLF’ to refer to the band 300 Hz to 32 KHz. For recording purposes, these are

considered the nominal bandwidths of the two receivers, although both are capable
of wider range operation.

HF DIPOLE

n wwyv
W RECEIVER

N-S
| wLF VLF N-S MIXER/ ANALOG
PREAMP [T UINE €. MONITOR TAPE
‘ RECEIVERS[CaL DECK
y b A rimemark wwy
CONTROL,STATUS
1 MHZ 1MHZ DECK MOTION
VLE CA Al TRO!
AIN NTR
.. |l
(% B CAL OIGITAL
ELE NOISE CONTROL! CONTROL
urtlomed __ LINE ¥  CONTROL TAPE
@_J. PREAMP |, ncswenst' FILTERS COUPLER DECK
J
[
1Mn2 18-CHANNEL
ANALOG
—} | r ,
ANALOG/ cLock
DIGITAL |-pwempme{ COMPUTER
CONVERTER
{FREQUENCY
Lsunmso
CRY/
KEYBOARD

Figure 2.1. Block diagram of the Stanford ELF/VLF Radiometer.




A photograph of the laboratory portion of the radiometer is shown in Fig-
ure 2.2, and diagrams of the two antenna installations are shown in Figure 2.3 and
Figure 2.4. The ELF antennas consist of 1-meter diameter multi-turn loops and
are placed a maximum of 1000 feet from the lab enclosed in a vault to isolate them
from air movement and vibrations. The VLF antennas consist of two single-turn
loops mounted on a single 10-meter high tower placed a maximum of 3000 feet from
the lab. The preamplifiers are located at the antenna sites, as close to the antenna
terminals as possible. Multi-conductor cables return the preamplified signals to the
lab and provide DC power and calibration signals to the preamps.

In the lab, the line receivers provide variable gain for both ELF and VLF signals
before passing them on to the noise filters and the broadband recording system. The
noise filters consist of narrowband (5% bandwidth) filter pairs at 16 different center
frequencies, 6 in the ELF band, and 10 in the VLF band. The filter outputs are
rectified and filtered to provide a measure of the signal envelope for statistical noise
characterization. All the filters are sampled continuousiy at a rate of 10 samples
per second, and recorded on digital tape at a rate determined by the operator;
typically 1 sample per second. The broadband VLF signal is recorded on standard
1/4 inch audio tape, according to a schedule selected by the operator, typically 1
minute samples every 30 minutes. Similarly, the broadband ELF signal is recorded
on digital tape, being sampled at 1000 samples per second for the duration of the
broadband recording. A microcomputer controls all the automatic system functions,
using schedule information set up by the operator with switches on the front panel
of the control coupler. The control coupler also serves as an output device by
displaying system status and error information and by passing control signals on
to the receivers, mixer/monitor, and noise filter unit. The sysiem clock maintains
the date and time, derived from an oven-stabilized quartz frequency standard, and
generates a timing interrupt for the computer and synchronization pulses for the
analog-digital converter. A video terminal is provided for displaying signal statistics,

system status, and to allow the operator to set up special recording schedules.
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Figure 2.2. Photograph of the laboratory portion of the radiometer, as installed
! at Arrival Heights, Antarctica.

P A A T S T Xt LSR8 T 2 i I AN NN 0
‘;‘ : ,i L2 1 : E ‘c o v’ ’ ks’ﬁ:q'ilﬁi: (RN i }a*'.t.‘. b .‘”' s .l:;‘,: :i .'l

WY :\‘.’ x

‘l



10

Physical Specifications:
Lab System: Resides in 2 standard 19” equipment racks

Floor space: 44” x 27”
Height: 78” (86” at some installations)

Weight: 800 Ib.
Power: 2000 watts maximum, 1200 watts typical
50 or 60 Hz, 240-120 volt transformer will be provided where necessary

Outside access is required for 2 large cables.
VLF Receiving Site (1000-3000’ from lab):
10 meter tower with guy lines if necessary to accomodate local wind condi-

tions
Appx. ground area required—60’ x 60’ square
Forested areas acceptable, must be remote from local power line interference

sources
ELF Receiving Site (1000’ from lab):

Buried or wind-tight above-ground vault

Size—appx. 2 meter cube
Antennas are 1 meter loops weighing 70 Ib. each, and must be mounted

with non-magnetic materials
Must be remote from roads and other vibration sources, including pedestri-
ans, as well as power line interference sources.

Other: 10 MHz WWY antenna required.
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2.2. VLPF Receiver

The VLF receiver, shown in block diagram form in Figure 2.5, is designed to
measure signals with frequencies ranging from 300 Hz to 32 KHz. A magnetic field
antenna is used, consisting of a single loop of #6 AWG braided copper welding cable
(chosen for low resistance and flexibility) erected on a steel tower in a triangular
shape 18 meters along the base and 9 meters high, giving an area of 81 m2. The
antenna sensitivity, expressed as the equivalent field strength of the antenna noise is
given in Figure 2.6, along with the equivalent field strength of the combined antenna
and preamplifier front end noise. For comparison, typical background atmospheric
noise levels are in the range 10~° to 10~7 V/m in a 1 Hz bandwidth—well above
the combined antenna and receiver noise leve!s.

The preamp input stage uses low-noise bipolar transistors in a common-base
configuration to provide a low input impedance (~ 50011), easing the turns ratio
requirement on ihe input matching transformer. This is followed by a differential
amplifier stage, providiag a fixed voltage gain before going to a pair of high power
operational amglifiers that form a balanced line driver to drive up to 3000 feet of
twisted pair to bring the signal into the laboratory.

Space has been provided in the preamp enclosure for a third channel, which
can be used for a vertical antenna for direction finding as an added capability in
the future. The preamp is housed in a weatherproof box mounted on the tower
that supports the loop antennas, and is connected to the lab by means of a 6-pair
shielded cable, with the twisted pair cables allocated as follows:

1. N/S Received Signal 4. Calibration signal to preamp
2. E/W Received Signal 5. DC power to preamp
3. Phone 6. Spare

The ‘Phone’ wire is provided for voice communications between the lab and antenna
site, using an intercom or sound-powered telephone, when making calibration line
loss measurements and when servicing the preamps.

The line receiver unit is a 5% inch-high rack-mounted module that resides in the
lab with the recording system. The balanced signal lines coming from the preamp
are fed to differential amplifiers to reject common-mode signals picked up by the




14

"sppuTeT [30¢| 03 uowod are Pua ‘fiddns Jomod pre I HoneLGed
) pure ‘J2A1021 [PUWRT[I-0M) AT} JO [PUIETD IO S1 UMOYG “weiBelp }ooq I9A139a1 aui| pue Jayiduteasd JTA "¢z Muslg

St~ — |
AlddNS p—o St . ||
NIV o A H¥3Mod = —1 J yoivinoau }—e si-
 § I9VLI0A Lo gt
20
NIWVO 1X3 o 3103y 11
HO 201 | w3,
N0 o . P b
anod A 103738 ! ]
voivuanao | | Iuorvnnanv] [ ™o f
7 —
NIZHN L o——1 "“awod 810D 1) ™, l.—.
ﬁ Y3IAING
3NN VD I} T
L -
IOMLNOD 3L0W3Y I S
¥O 201 . 1
ndino \ | 3 .
N AWNO / { §
I0UINOD VI07 : i
{ ¥3Na03Y HIAING 3NN dnv3ud
inding £ I I .
I > o . dH
n..uﬂﬁﬂ%.h N 4N I
SH3LN4 —f 1@:&“:
HIXIN -EINIF]
TOHLNOD 3LON3Y IVNOILO i
HO 001
1nd1no ino “ “ mwhd
Y3LN4 o
3SION v ¢m>.m%u_u ] == y3iaranvane
SuILN4 bl
6P 0F ‘02 ‘01 0 3SION |
NIV 431714 ISION

S . O N S t o -~
. = g o - - SCToR = » - ] L A R . 8
= e B e a e e e M R Yk = ., T . -



RN

15
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Figure 2.6. VLF and ELF loop antenna sensitivities, expressed as the equivalent
field strength of the antenna noise in a 1 Hz bandwidth.
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transmission lines. A card slot and wiring are provided to allow insertion of an
interference filter in each channel, the nature and necessity of which is determined
by individual site requirements. A typical filter might be a high-pass filter with a
cutoff frequency of 1-2 kHz to remove strong power line harmonics. The interference
filter is followed by a variable gain stage to provide additional gain for periods of
low-level activity. The gain to the Mixer/Monitor outputs is selectable from 0 to
35 dB in 5 dB steps, and the gain to the noise filter outputs from 0 to 30 dB in
10 dB steps. The noise filter gain setting is normally controlled automatically by
the computer, but can be overridden at the line receiver unit by the local mode
switch. Two rear panel outputs are provided from each channel, for connection
to the mixer/monitor and to the noise filters, and a front panel output for directly
monitoring the receiver output. A calibration signal output is provided for the noise
filter calibration, which is performed separately from the VLF and ELF receiver
calibrations. A multiconductor cable connects the receiver to the control coupler,
which passes all control and status information to and from the computer.

VLF Calibration circust:

Balanced injection of a known current into the preamp input directly in parallel
with the antenna is used to calibrate the receiving system for absolute measurements
of VLF received signal strength. The calibration signal is generated in the lab, and
can be either a comb signal generated within the line receiver unit or an external
signal applied to the CAL input of the line receiver. The comb signal is normally
used and consists of a sequence of equal-amplitude components spaced every 250
Hz to more than 32 KHz; derived from the station’s 1 MHz frequency standard.
An external sine wave source should be used during installation and periodic check-
ups for measuring the system frequency response and determining the ‘calibration
constant’ that relates received signal strength to the receiver output voltage seen
in the laboratory. The calibration signal is sent over a balanced line to the preamp
unit at the antenna, where it is injected directly in parallel with the antenna when
switched on by a DC calibration control signal. An attenuator with 10 dB steps
from O to 70 dB is provided for checking the linearity of the receiver.
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2.3. ELF Receiver

The ELF receiver preamp and line receiver block diagrams are shown in Fig-
ure 2.7. It is designed to receive signals in the frequency range 10 Hz to 400 Hz,
although it has a usable response to more than 1000 Hz. As in the VLF receiver,
2 channels, for east/west- and north/south-oriented antennas, are provided. The
magnetic-field-sensing antenna consists of 1164 turns of #18 AWG insulated wire
in a layered bifilar winding on a 37 inch diameter core, giving a turns-area product
of 863 m2. Refer to Figure 2.6for the antenna sensitivity.

The ELF loops, when located in the Earth’s magnetic field, are extremely sen-
sitive to mechanical vibrations that can distort the area of the loop or change its
orientation relative to the magnetic field lines, thus changing the number of flux
lines enclosed by the loop. The sensitivity is such that footsteps can be heard on the
receiver’s monitor, and a light breeze (~5 knots) is enough to saturate the pream-
plifier. This requires that the loops be isolated from air movement by a wind-proof
vault, normally buried in the ground, and isolated from ground vibrations such as
vehicle traffic and footsteps by a damping suspension system. A simple wooden
support structure has proven sufficient for this purpose. Heavy vehicle or personnel
movement in the vicinity of the antennas will still create interference, and must be
avoided. An electrostatic shield surrounds the coil to prevent electrostatic interfer-
ence from local broadcast transmitters and power line fields.

The ELF preamplifier is similar to the VLF preamp, but the antenna is directly
coupled into the input stage, which consists of 5 common-base transistors in parallel
in both legs of the center-tapped antenna to provide the low input impedance nec-
essary to match the antenna impedance. This is coupled to a differential amplifier
stage, then to a line driver. Two shielded twisted pair cables bring the 2 channels
of ELF broadband signal into the laboratory. DC power for the preamp is provided
via another twisted pair. The ELF link to the laboratory is a 6-pair shielded cable
identical to the VLF cable, with a maximum length of 1000 feet.

The ELF line receiver is a separate S%inch-high rack-mount unit containing

the line receivers for the two channels, the preamp DC power supply, the antenna
calibration signal generator, and filters for removing unwanted components of the
broadband signals, as described below. The gain to the noise filter and A/D con-
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verter outputs can be varied from 0 to 30 dB in 10 dB steps, while the monitor
output (Line Out) has a fixed gain.

ELF recetver filters

Four notch filters are provided for each ELF channel for removing the local
power line frequency and several of the first few harmonics. In 60 Hz power line
areas, these filters are centered at 60, 120, 180, and 300 Hz, while in 50 Hz areas,
they are centered at 50, 100, 150, and 250 Hz. All four filters can be switched
in or out according to filtering requirements for each individual site. If the local
line frequency varies significantly, as it often does at remote sites like those in the
Antarctic, short-term surges in interference levels will be present in the data. Tests
at the South Pole showed that a 1 Hz departure from 60 Hz due to load transients
on the generators resulted in a 20 dB increase in the noise level.

The ELF receiver has a useful bandwidth of approximately 1000 Hz, making
low-pass filtering necessary to prevent aliasing when it is sampled at a rate of 1000
samples/second for digital recording. An anti-aliasing filter in the line receiver unit
performs this function by removing all components above 400 Hz from the signal
going to the A/D converter. The outputs for the noise filters and monitor are
unfiltered.

ELF Calibration circust

The ELF calibration method is identical to the VLF, except that the comb cal-
ibration signal has components spaced every 10 Hz. This ensures that at least one
comb component will fall in the passband of each of the noise filters. An external
calibration tone may be injected in place of the comb cal signal for frequency re-
sponse measurements. The comb signal may be attenuated under program control

before it is sent over a twisted pair to the preamp, to be injected in parallel with
the antenna. An output is provided for calibrating the ELF section of the noise
filters independently of the receiver calibration.
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\ 2.4. Noise Filters
7
i The noise filter unit performs the ‘radiometer’ function of the ELF/VLF Ra-
%Q diometer. It consists of 32 bandpass filters arranged in pairs at 16 different fre-
" quencies, for observing selected narrow bands spaced throughout both the ELF and
fft VLF bands. The filter frequencies are chosen to fall between 50 Hs and 60 Hz power
R line harmonics in the ELF band, and for observing specific natural phenomena in
; the VLF band, as listed in Table 2.1. The filter response is third-order Chebyshev

’ with 0.5 dB passband ripple and a 3 dB bandwidth of 5% of the center frequency.
‘,.;;{ The filters are implemented with an L-C ladder network, with the inductors sim-
a,', ulated with operational amplifiers in a gyrator configuration. All filters have the
e j same basic circuit, varying only in component values, to facilitate circuit layout and
e changes in the center frequency.
¥
TABLE 2.1. Noise Filter. Frequencies
.'~}’
5 Channel Frequency Reason for Choice
e 1 10 Hz  Lower limit of system
: 2 30 Hz  Geometric mean of 10 and 80
,,} ELF 3 80 Hz  Between 60 Hz and 100 Hz
:? Receiver 4 135 Hz  Between 120 Hz and 150 Hz

' 5 275 Hz  Between 250 Hz and 300 Hz
i 6 - 380 Hz  Between 360 Hz and 400 Hz
| 7 500 Hz  Lower edge, polar chorus band
R 8 750 Hz  Upper edge, polar chorus band
s 9 1.0KHs
. 10 1.5 KHz Active
i VLF 11 2.0 KHz mid-latitude
?, Receiver 12 3.0 KHz chorus band
1 13 4.0 KHsz

14 8.0 KHz Prominent hiss band

:: 15 10.4 KHz OMEGA frequency
"W 16 32.0 KHz Upper limit of system
i
i
- The overall block diagram of the noise filter unit is shown in Figure 2.8. The )
,?; unit is housed in a 12.25 inch high rack-mount enclosure installed in the laboratory.
A
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The 32 filters are arranged in 2 banks, with filter frequencies from 10 Hz through 380
Hz taking their input from the ELF receiver, and 500 Hz through 32 KHz from the
VLF receiver. Two filters are provided at each frequency, one for the N/S channel
and one for the E/W channel. At the output of each filter is an rms detector and
ripple filter with a rise time short compared to that of the bandpass filter, so that
the output charateristics are determined primarily by the bandwidth of the given
filter. All 32 filter outputs are brought out to a 37 pin connector on the rear panel
for connection to the A/D converter, as well as to BNC connectors on the front
panel.

Calibration signals can be switched in place of the input signals separately for
the ELF and VLF filter banks. The calibration signals are normally the comb
signals from the line receivers: 10 Hz-spaced components for ELF and 250 Hz-
spaced components for VLF. The cal signals can be attenuated in 10 dB steps from
0 to 70 dB for checking the linearity of the filters. The calibration sequence is
normally controlled by the computer by logic signals passed through the control
coupler, but can be overridden manually by the operator.

2.5. Control and Recording System

All system control and recording functions are performed under software control
by a Data General MicroNova microcomputer. The control program resides in
16K words of non-volatile EPROM memory, and starts up automatically when
the computer is turned on or reset, thus eliminating the need for the operator to
reload the software after a power outage. Another 16K words of volatile read/write
memory is used for variable storage and magnetic tape data buffering.

Four I/O ports are used to communicate with the various system components,
each with its own interface residing in the computer chassis. The clock and con-
trol coupler controllers, both built at Stanford, provide 16 bits of input or output
using the standard Data General programmed I/O instructions. The digital tape
controller is a Stanford-built interface with its own dedicated microprocessor to
manage the tape data transfer and timing and control of the magnetic tape func-
tions. This interface uses the data channel method of transfer, which allows a
programmer to transfer a specified block of memory without having to handle each
byte of data individually. The interface for the A/D converter is supplied as an
accessory by the converter manufacturer.
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2.6. System Clock

The system clock was designed and built at Stanford to provide precise time-of-
day information and timing signals to synchronize the recording and control func-
tions. The time base for the clock is an oven-stabilized quartz frequency standard.
The 1 MHz signal from the frequency standard is divided down by the clock to 1
KHz, which is used as an interrapt signal to inform the computer that 1 millisecond
has passed. It is further divided to generate the seconds, minutes, hours, day of
year, and year information, which is displayed on the clock front panel and made
available in binary-coded decimal format to the computer via a rear panel connec-
tor. Using the front panel controls, the operator may set any digit and synchronize
the clock to within 1 millisecond of a timing signal irom an HF WWYV receiver.
A 3000 pulse/second low-jitter synchronization signal is also provided for precise
triggering of analog-to-digital conversion samples. Both the clock and the frequency
standard are provided with battery back-up to maintain the time information for
several hours during power failures. The clock’s LED display is blanked at such
times to conserve battery power. Should the frequency standard fail, the clock
will automatically switch to a less stable internal crystal oscillator and continue to
maintain the time, although with reduced accuracy.

2.7. Control Coupler

The control coupler manages the transfer of all control and status information
between the computer and the rest of the system, except for the A/D subsystem,
which contains its own control lines and occupies a separate I/O slot in the com-
puter. The coupler connects to a general purpose 1/O interface, through which the
computer can read status information and issue control signals. Figure 2.9 shows
the block diagram of the control coupler. It reads coupler data by first sending a
‘ Read Condition Code’ word to the coupler with a Data Output (DOC) instruction.
The coupler then places the requested information on the DATA IN lines to the
computer, to be read with a Data Input (DIA) ins'ruction. When output data (for
system control) is sent to the coupler with a DOB instruction, a 3-bit destination
code is included in the data word, so only one CPU instruction is required. The
destination code causes the control signals to be routed to the appropriate device
or indicator.
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Figure 2.9. Control coupler block diagram.
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The following devices send status information and/or receive control information
by way of the coupler:

1. VLF Line Receiver 5. Recorder 1

2. ELF Line Receiver 6. Recorder 2

3. Mixer/Monitor 7. Chart Time Mark
4. Noise Filters 8. External Device

The external device port contains 16 input lines, 16 output lines, and I/O
control lines for a TTL or CMOS auxiliary device such as a paper tape reader.
This port was used during program development to download software from an
Eclipse minicomputer development system into the Micronova.

Auxiliary relay closure outputs are provided for Relay 1, Relay 2, and Alarm.
BNC inputs External Record 1 and External Record 2 provide a means of controlling
the analog recorders independently of the computer. When enabled by the front
panel switches, a continuous high logic level (TTL or CMOS) or a contact closure
will put the appropriate recorder in record mode. Logic level or contact closure
input is selected by a back panel switch.

Indicators and Output Data

All front panel indicators are controlled by the software, and all control signals
going to other devices have a corresponding indicator. The coupler indicators show

the state of the remote control lines going to any particular device, and are not
valid if the device is in local mode.

VLF (ELF) Receiver Sections:

Error - indicates an abnormal condition exists in the VLF (ELF) receiver.
Recording - currently taking a synoptic broadband VLF (ELF) sample.
Gain - gain setting on the noise filter output of the VLF (ELF) receiver.
Cal Indicators:

Ext - External cal tone applied to cal line driver.

Comb - Comb signal applied to cal line driver.

Comb Enable - Comb generator enabled.
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Noise Filter Section:

Error - abnormal condition in noise filters.
Recording - currently sampling the noise filter outputs.
Cal Indicators (VLF or ELF):
Sig Inh - Calibration circuit enabled.
NS, EW - cal signal applied to the NS and/or EW filter banks.
40 dB, 20 dB, 10 dB - cal signal attenuation setting (0-70 dB in 10 dB
steps).

Analog Tape Deck Section:

Error - abnormal condition in either tape deck.
Record, Stop (Deck 1 or Deck 2) - indicates the last control pulse sent to the
tape deck.

Digital Tape Deck Section:

Error - abnormal condition in digital tape deck.

On Line - tape deck is on line to the computer.

Ready - tape deck is ready to record data.

New Tape - system is waiting for a new tape to be mounted.

Data Lost - an error has occurred that allowed some data to be lost.

Write Lock - the write ring is missing from the current tape (no data can be

written)

Write, Write EOF, Read, Erase, Space FWD, Space Rev, Rewind - current
command being sent to the digital tape deck.

Mixer/Monitor Section:
Error - abnormal condition in mixer/monitor.
Time Mark - shows operation of the 1-sec time mark and station code.
WWYV - received WWYV signal applied to analog recorder outputs.

Program Lights (0-7): eight bits of output data to be used for debugging and
auxiliary output information.
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Program Status:

Error - a non-fatal software error has occurred. ,
Restart - a fatal software error has occurred, causing the program to restart
itself.

Power Failure - a power failure has occurred.

Message Waiting - the computer is waiting to send a message to the CRT
terminal.

Relay Outputs:

Relay 1, Relay 2 - auxiliary relay closure outputs.

Chart Time - relay closure output for the 1-min chart time mark.

Alarm - combined relay closure output, back panel Sonalert alarm, and red front
panel LED used to alert the operator that the system needs attention.

Front Panel Controls and Computer Input Data

The control coupler front panel controls form the operator’s primary contro!

interface for the radiometer system. This is where the normal operating modes are
set up — special schedules must be programmed at the CRT terminal. The controls
and input signals going to the computer are as follows:
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Front Panel Controls

VLF (ELF) Synoptic Rate - 6-position rotary switch to select the interval for
synoptic recordings: 1-min in 5, 15, 30, or 60 min, continuous recording or

¢ off.
" Noise Filter Sample Time - 7-position rotary switch to select the interval be-
. tween noise filter samples: .2, .5, 1, 2, 5 or 10 secs, or off.

Analog Tape Deck Mode (Deck 1 or Deck 2):
4 Ext - selects the back panel external record control.
5 Local - coupler recorder controls disabled.
Auto - recording controlled by the computer.

First Deck - selects Deck 1 or Deck 2 as the first recorder of the sequence.

Transfer Time - 5-position rotary switch to select the transfer time between
analog decks: 4, 8, 12, or 24 hours, or off (no transfer).

Digital Tape Deck-Change Tape Button - allows the operator to tell the com-
puter he wishes to change a digital tape. The computer will perform an

; . orderly termination of digital recording and rewind the tape, then turn on
the “NEW TAPE" light.

Program Switches (0-3) - four bits of input data to be used for debugging and

3 auxiliary input information.

DI ) - .
- W D

Reset Errors Button - clears all error indicators whose error conditions no longer
¢ exist.

Alarm Disable - disables the Sonalert alarm (not the alarm relay output).

Y Computer Input Data

i VLF Receiver (RDC = 1):

VM20DB, VM10DB, YMO05DB - mix gain to Mixer/Monitor output.
VMFIL - Mixer Filters In.

VG20DB, VG10DB - actual gain to noise filter output (local or remote
mode)

VGLOC - noise filter gain in local mode.

VGFIL - noise output filters In.

VCLOC - cal control in local mode.

VPWR - line receiver power on.
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ELF Receiver (RDC = 2):
EG20DB, EG10DB - actual gain (local or remote mode).
EGLOC - gain in local mode.
EFIL - output filters In.
ECLOC - cal control in local mode.
EPWR - lice receiver power on.

Noise Filters (RDC = 3):
FCLOC - cal control in local mode.
FPWR - Noise filter power on.

Mixer/Monitor (Channels A, B; RDC = 4, Channels C, D; RDC = 5)
z = Channel A, B, C,or D
MzSELO, M2zSEL1 - Input select; 00 =1,01=2,10=3,11 = 4
MzAUX]1, MzAUX2 - Auxiliary Input 1 or 2 ON
MzWLOC - WWY control in local mode
MzTLOC - Time Mark Disabled Locally
MzMIC - Microphone input selected
MPWR (Mixer 1 only) - Mixer/Monitor Power On

Schedule (RDC = 6):
RECILOC, REC2LOC - Analog Recorders in local or external mode
RFIRST - First Deck Switch; 0 = Deck 1, 1 = Deck 2
RTRNO, RTRN1, RTRN2 - Analog Deck Transfer Time Switch
VSYNO, VSYNI1, VSYN2 - VLF Synoptic Rate Switch
ESYNO, ESYN1, ESYN2 - ELF Synoptic Rate Switch
FSYNO, FSYN1, FSYN2 - Noise Filter Sampling Rate Switch

Miscellaneous (RDC = 7):
PSWO0-PSW3 - Program Switches
ALINH - Sonalert Alarm disabled
TLOAD - Digital Tape ‘Change Tape’ Button
ERESET - ‘Reset Errors’ Button




2.8. Mixer/Monitor and Analog Tape Recorders

The mixer/monitor provides analog signal selection, mixing and monitoring
capability for the signals to be recorded on analog tape. As shown in Figure 2.10,
it provides input channels for four data signals and outputs for four channels of
recorded information. One of the four input signals may be selected for each output,
and may be mixed with either or both of the auxiliary inputs and a 10KHz pilot
tone/time mark signal. WWYV voice announcements or the microphone input may
be selected in place of the normal data output. The computer normally controls
the time mark modulation (10 dB increase in amplitude corresponding to the time
code) and the WWYV voice announcements that are inserted at the start of every
synoptic recording. The microphone input is selected by the combination of the
front panel switch and the microphone ‘Talk’ button. The operator selects the
input to be recorded on each output, along with any desired auxiliary signals, and
he may override the automatic WWYV announcements by local front panel switches.
The gain of the two auxiliary inputs may be varied by front panel potentiometers,
while the four data inputs have fixed gain.

A monitor amplifier is also provided to allow the operator to listen to any input
or output, as well as the return signal from the tape recorder to verify the recording
process. A front panel VU meter displays the level of the monitored signal, which
can be heard on either headphones, a separate monitor speaker, or observed on
an oscilloscope or other external instrument via a front panel BNC connector. The
computer monitors the status of all signal selection switches via the control coupler.

The output signals from the mixer/monitor normally go to an analog tape
deck—a studio-quality 1/4-inch 2-track audio tape recorder. Most stations will
record only one track at a time of analog data, allowing both sides of the tape to be
used, but the mixer/monitor is capable of providing up to four channels. The tape
deck is remote-controlled by the computer, through relays in the control coupler,
although the automatic control may be overridden by the operator using switches
on the control coupler. The capstan is driven by a DC servo motor to provide
a stable recording speed independently of the line frequency, which tends to vary
widely at remote stations with small power plants. The record equalization has
been adjusted on these recorders to give a constant record head current over the
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,4, Figure 2.10. Block diagram of the mixer/monitor unit. This device is used to
¢ select the signal to be recorded on analog tape, and to add in the pilot tone/time
: mark and other desired signals, and to monitor the operation of both the receivers
4 and the recording equipment.
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full useful frequency range of the recorder—i.e. the high frequency peak usually
used for audio recording is removed.

2.9. Analog/Digital Converter and Digital Tape Deck

The analog-to-digital (A /D) converter allows discrete samples of selected analog
signals to be taken and recorded in digital form. A commercially built general-
rurpose A/D converter is used in the radiometer, with 3 plug-in analog input cards,
each of which can be configured to provide either 8 balanced differential inputs
or 16 single-ended inputs with a common ground. Although any input can be
switched under program control between differential and single-ended mode, in this
system 2 of the analog input cards are committed to single-ended operation by
the chassis wiring to give 32 unbalanced inputs for the noise filters, and the third
card is committed to differential operation by wiring the inputs to isolated BNC
connectors, giving 8 balanced inputs. The computer can select any input one at a
time to be sampled and digitized, with a range of +10.24 volts and 14-bit resolution,
giving 84 dB of dynamic range. The converter has a maximum conversion time of
29 microseconds, corresponding to a conversion rate of 34,000 samples per second.
The computer has direct access to the converter through a dedicated I/O port and
a bus converter to interface the computer I/O bus to the A/D converter internal
bus.

In practice, all 32 single-ended inputs are used for sampling the narrowband
noise filters at a rate of ten samples per second. A vector sum is taken of the two
orthogonal channels for each filter frequency, and the result is further processed for
statistical information, and selected values are recorded on digital tape, according
to the sampling rate selected on the front panel of the control coupler (normally one
sample per second). Two of the differential inputs are dedicated to the broadband
east/west and north/south ELF signals, and are sampled 1000 times per second
when ELF recordings are enabled. Six additional differential inputs are available
for recording the output of other instruments that may be added at some radiometer
installations. The use of the differential mode of operation for these inputs provides
much greater common-mode rejection than would be available using single-ended

inputs, and allows instruments with balanced outputs such as a bridge-type trans-
ducer to be connected. These optional inputs, labelled DIFF1 through DIFF6, are
sampled continuously at 10 samples per second, and recorded on digital tape at the
rate specifie. or the noise filters, normalily 1 sample per second.
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Digital recordings are made on a standard 1/2 inch, nine-track tape deck, with
a recording density of 1600 bits per inch. lO%-inch reels of tape are used, giving a
capacity of approximately 40 megabytes of information per tape. The computer has
direct access to the digital tape thru a dedicated I/O port. A custom-built controller
installed in the computer chassis governs the actual data transfer and translates
software commands into control signals for the tape deck. Tape data transfers
are programmed using the ‘data channel’ method defined in the architecture of
the computer, where the programmer need only specify a block of memory to be
transferred and start the process, rather than handle each byte of data individually.
The controller then takes over and manages the details of the transfer, and interrupts
the CPU when complete. The controller also contains a built-in diagnostic routine
for performing a self-check of the tape drive.
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g Chapter 3. Data Formats

K%
S
r‘&;i’
S The radiometer data are recorded in two basic forms — audio tape, used solely
- to record broadband VLF data, and digital magnetic tape, used to record broad-
Vg
1% - band ELF data (high-speed digital samples), noise filter outputs (low-speed digital
::1:, samples), noise filter statistical averages maintained by the computer, and station
i housekeeping information.
5;3' 3.1. Analog Tape Format
s
'E" The output of the VLF receiver is recorded on standard 1/4” audio tape, on
a schedule that nominally consists of a 1-minute sample every 30 minutes. Using
:4% the selector switch on the front panel of the control coupler, the operator may
::5«‘ change the frequency of these samples to one every 5, 15, 30, or 60 minutes, or
e
:::_;: to continuous recording for periods of special interest. Continuous recordings may
. also be scheduled using the Schedule Control function of the operator’s console.
*3‘9 . The duration of synoptic recordings may not be changed.
J. 1 | | | | n___tn
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, WU T IAn__fmm
:3. 1o |11 l1a his lue las e 1z l1s 10
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"-" |20 |2y 23 l2s 24 las 26 a7 (P I3
| | | | L1 | | |
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K leo la lea les lee s s ler les leo
U
o L | | | | | | | |
; '30 |$l lS’ '38 ISC lSS I.SG '37 '30 |59
; Figure 3.1. Time code format used to amplitude modulate the 10 KHz pilot tone
‘,J for each minute. The minute begins with a 1040 ms pulse, and most seconds are
& marked by a 40 ms pulse, but the ninth of every ten seconds is omitted to facilitate
AL counting tens of seconds. The two-character station ID is encoded during seconds
- 7-8, the day code during seconds 10-12, the hour during seconds 14-15, and the
;2 minute during seconds 17-18, all in Morse code. Shown is station AH (Arrival
’,” Heights), day 295, hour 12, and minute 47.
o
L . Mixed with the VLF at all times is a highly stable 10 KHz pilot tone at a level
:,.‘ of 30 dB below the system 0 VU level, which can be used to detect and correct
)
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for tape flutter and speed variations. The pilot tone is modulated with a 10 dB
increase in amplitude to encode the day, time, and station ID information in Morse
code, as illustrated in Figure 3.1.

Each synoptic record begins 7 seconds before the scheduled minute, and is
recorded with the following format:

xx:53-xx:00 WWY voice announcement
xx:00-xx:01 VLF + calibration signal
xx:01-xx:53 Broadband VLF

Continuous recordings will contain a WWYV break and a calibration signal every
five minutes, at the same time they would occur for synoptic recordings, unless
defeated by the operator. A log of actual recordings made by the system will be
maintained by the computer and recorded on digital tape. With a tape speed of
7% inches per second and a synoptic recording rate of 1 minute in 30, a 3600 foot
tape will last 2 days per side. If 2 analog tape decks are present in the system,
the computer will automatically switch to the alternate deck at a time scheduled
by the Transfer Time switch on the control coupler — this must be selected by the
operator according to the tape length and recording schedule, so that transfers will
occur at the end of 96 minutes of recording.

3.2. Digital Tape Format

Digital recordings are made on industry-standard 1/2", 9-track magnetic tape,
with a recording density of 1600 bits per inch. All data are organized into 8192 byte
tape records, each containing 4096 16-bit words of data. An end-of-file (EOF) mark
is written to the tape every hour, so a user reading the tape will find a sequence of
files, each consisting of a one hour sequence of data. It should be noted here that
the computer sends data to the tape interface in units of 16-bit words—each word
is written to the tape as two 8-bit bytes, high-order byte first. Many computer

] systems (such as VAX/VMS) expect to find the low-order byte first when reading
5 a tape, so the bytes must be swapped to form a correct 16-bit integer. Appendix B
') contains an example progr=:n iilustrating this task.

Each tape record is sub-divided into variable-length data records, as shown in
Figure 3.2. Each data record begins with a 5-word header consisting of a 1-word
data code, a 1-word block count, a 1-word day number, and a 2-word ¢ime code. The
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data code word identifies the type of data contained in the block, as listed in Table
3.1. The block count is the number of words in the block, including the 5-word
header. The day number is a 16-bit unsigned integer giving the number of days
since January 0, 1900. The time-of-day code is a double-precision (32-bit) unsigned
integer giving the time in milliseconds since the beginning of the day.

[ Tape f
Record Data
Tape Record Data Code
R ap i / Block Count N
ecor Data Day Number
1 RTaped Record . Time Code 1
\ ecor i 2
Hour® : 4096 ﬁ Time gode 2 N
: Words Data Words
Tape Record
Record Data
[ Eor
Tape Data J
Record Record
X Zeros

Figure 3.2. Digital tapes are broken down into a hierarchical structure consisting
of tape files, tape records, data records, and the data itself.

Since tape records are always 4096 words long, any remaining space after the
data records will be filled up with zeros. Therefore, when reading the tape, a data
code of zero denotes the end of the tape record.

Table 3.1. Data Code words used to identify data blocks.

Data Code Type of Data
Noise filter/differential input data

Noise filter/differential input statistics
Broadband ELF N/S data

Broadband ELF E/W data

System status data

Message log data (text)

S bW =

Within each data block, the data following the header is encoded differently for
each type of data, and must be decoded according the appropriate format. The
details of the formats for each block type are given in Appendix A, and will be
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summarized here:
Noise Filter and Differential Input Data (Data Code 1)

The 32 noise filters and the 6 differential inputs are sampled continuously every
vl 100 milliseconds. The vector sum (square root of the sum of the squares) is taken
Ve of the N/S and E/W chapnels for each noise filter frequency, and all the resulting
‘ values are included in the statistical calculations. Only a fraction of these raw data
samples are recorded, however, at the rate selected by Sample Time switch on the
) control coupler. The possible interval between recorded samples is 0.2, 0.5, 1, 2, 5,
KX or 10 seconds, but the setting will normally be 1 second, so that every tenth data
sample will be recorded. The differential input data will be recorded at the same
times, but only if the system has been specifically requested to do so — either at

v.‘;\g system start-up time or by a schedule control command.

RN

*ah,

;;‘E’;i The actual time that noise filter and differential input sampling occurs is pre-

H -~ . - . . .

) cisely on the millisecond, in a sequence beginning with noise filter channel 1 N/S,

33 noise filter channel 1 E/W, noise filter channel 2 N/S, etc., up through differential

,@ input 6, for a total of 38 milliseconds. The time between successive samples of any ’
27

particular input is therefore precisely 100 milliseconds, with a jitter of no more than
a few nanoseconds.

":‘ Noise Filter and Differential Input Statistics (Data Code 2)

o A block with a data code of 2 is recorded at the start of every minute, containing
the average, root-mean-square, maximum and minimum values over the previous
minute for each noise filter frequency and differential input. Note that the time
o word recorded with data code 2 refers to the minute during which the samples were
taken, not the time that the data block is recorded. Statistics are not computed
for the noise filter channels during calibration periods, so the recorded values will

X reflect real data only, and not the calibration signals.

'3

;:. Broadband ELF Data (Data Codes 3 and §)

g

R The ELF receiver output is recorded on a schedule similar to, but independent
R from, the VLF analog recording schedule — a synoptic schedule of 1 minute in 5,
n: 15, 30, or 60 minutes, continuous recording, or off. Each synoptic record is 1 minute
‘.-:! long, beginning 7 seconds before the start of the minute, and ending 53 seconds into

o the minute. The preamp calibration signal is mixed with the ELF data during the
first 8 seconds of the recording, and no WWYV voice announcement is made. The .
iy time code words for this data type refer to the time of the first sample in the data
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record. The signal is low-pass filtered at 400 Hz to prevent aliasing, then sampled at
1000 samples per second. The actual sampling times are interleaved between noise
filter and differential input samples, with N/S samples taken at 333 microseconds,
and E/W samples at 666 microseconds after the start of each millisecond. Each
sample is a 14-bit signed integer, between -8192 and +8191, corresponding to the
range -10.24 to +10.24 volts. These values must be scaled using the receiver gains
in effect at the time of the recording and the calibration constant for the system
to determine the actual field strength at the ELF antennas. Broadband ELF data
blocks always contain 500 words of data (505 words total block count), or 0.5 seconds
worth of samples. These data constitute by far the greatest fraction of the total
data on digital tapes, so serious consideration must be given to tape consumption
when selecting the recording rate of broadband ELF.

System Status Data (Data Code 5)

The entire system status is recorded every 10 minutes in a block with data
code = 5. The data in this block consists of 86 data words, containing the station
ID code, a copy of the control ccupler data, the A/D converter gains and zero
offsets, the magnetic tape flags and status, and error status words. Included within
the control coupler status is information such as the ELF and VLF receiver gains,
which is required for interpreting data in the other block types and on the analog
tape. Appendix A contains a detailed description of the information encoded in the
system status blocks.

Message Log Data (Data Code 6)

The message log data blocks contain text in ASCII form, two characters per
word, of the messages entered by the operator via the console terminal. The char-
acter string is packed left-to-right — that is, the first character is stored in the high
(left) byte of the first data word, the second character in the low (right) byte, the
third character in the high byte of the second data word, and so on. Since the high
byte is written to the tape first, the character string is stored in the proper order
on the tape itself. Therefore, when reading text messages one character at a time
directly from the tape, it is not necessary to swap bytes, as must be done when
reading 16-bit words.
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3.3. Suggestions for Data Analysis

Appendix A, excerpted from the ELF/VLF Noise Survey Software Reference
Manual by Evans Paschal, the architect of the radiometer software, contains a
detailed description of the formats used to record digital data. Any user wishing to
analyze radiometer tapes should consult Appendix A for exact data specifications.

Appendix B contains suggested low-level subroutines, written in C, for extract-
ing data from the digital tapes using the STAR lab’s VAX/VMS computer system.

The routine analysis of tapes arriving at Stanford from the eight stations should
consist first of extracting the statistical average data blocks (data code 2), the
system status data (data code 5), and any operator messages (data code 6) that
may be present. The system status data is required to establish the receiver gain

settings and to verify that no equipment errors that could affect the validity of the
data were present. The statistical data may then be scaled and plotted in terms
of absolute field strength, and added to a data base which will later be used to
compute long-term averages, and to show comparisons between the eight stations.




Chapter 4.
i The Arrival Heights Radiometer Installation

The first radiometer was installed at Arrival Heights, Antarctica during De-
cember, 1984 and January, 1985 in the new Upper Atmospheric Physics (U.A.P)
building erected during the same period. Arrival Heights is approximately 2 miles

% by road from McMurdo Station, the primary U.S. Antarctic research base, located
.,“; .

sﬂ.f on the coast of the continent at 78° south, 167° east, or roughly straight south
4

from New Zealand. An area at Arrival Heights approximately 1.5 km by .6 km
has been designated by international agreement as a quiet radio receiving zone—no
radio transmitters are allowed at the site, all non-essential activity is prohibited,

Al and aircraft are not allowed to fly over the region. Refer to Figure 4.1 for the layout
X and topography of the area.

4.1, Antenna Construction

The VLF and ELF antennas are both located on the North side of the building,
at the greatest distance allowed by the available feed lines, to place them as far as
possible from the power line leading to McMurdo. Surveys of the potential sites
with a portable VLF receiver exhibited spherics and Omega signals, and only very
low level power line hum, with no apparent directional nulls, so both ELF and VLF
N antennas are oriented geographically north-south and east-west. Once the sites
had been selected, a construction team from Antarctic Services, Inc., the support
4 contractor to the National Science Foundation for its Antarctic operations, assisted
with the task of building the antennas.

, VLF Antenna

The VLF antenna is located on relatively flat terrain inside the Second Crater,
just under 3000 feet from the building. The crater rim is highest on the eastern
J side where it provides considerable protection from the prevailing storm winds. A
rock drill was required to drill holes in the permanently frozen ground of the crater,

g and a jack hammer to enlarge the hole for the telephone pole. A Caterpiller D8
:2 was needed to haul the drill and its compressor as well as the telephone pole itself
up the 40% grade to the crater rim. A team of three electrical linemen erected

. the pole, with 4 steel guy wires attached to 8-foot anchors drilled into the ground.
Water from a nearby pond was poured around the pole and the anchors to form

.
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Figure 4.1. Map of the Arrival Heights area, showing the location of the U.A.P.
building and the ELF and VLF receiving antennas. The grid spacing is 1000 feet
and the contour interval is 20 feet.
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‘Antarctic concrete’, which should enable the pole to withstand the strongest winds
that are likely to occur. 4” by 4” wooden posts were also drilled and frozen into
: the ground to provide attachment points for the lower ends of the loops. The loop
i wires themselves were strung from insulators at the top of the pole and attached to
‘g ) the corner posts, and the preamp enclosure was bolted to the side of the pole. The

&,

- completed antenna is shown in Figure 4.2.

The steel bracket and clevis insulators used at the top of the pole are vulnerable
to wind vibration. The wind could be heard in the receiver at speeds of around 40
knots, and loosening the loops had no effect. The noise comes from two sources:
vibrations in the steel bracket, and rolling motion of the clevis insulators on their
steel spindles. A different mounting method is recommended for use at future

- e s

ey

_ . installations.
_; ELF Antenna

The site chosen for the ELF antenna is on a flat spot at the top of the slope going
down to the sea ice, 1000 feet north of the building. The ground consists of very
large rocks that required blasting to make a hole big enough for the underground
vault. The rock drill was used here also to drill 16 holes for the blasting charges. A
backhoe was necessary to remove the debris from the dynamited crater.

N The vault itself was built in the carpenters’ shop and forklifted to the site.

. Crucial to the success of the vault design was the inclusion of double 2-by-6 ‘walers’,
' spaced horizontally 12 inches apart at the top and 8 inches apart at the bottom,
to provide reinforcement against the earth pressure when backfilled. The outside

;;: walls are sheeted with 1/2-inch plywood and a double vapor barrier lining keeps
water out. The inside floor is 5 feet square, enough to rotate the loop frame to
‘ any orientation, and the inside height of just over 6 feet makes working inside very
, comfortable. The entire lid can be lifted off to place or remove the loops, and a
. covered hatch provides routine access. Figure 4.3 shows the completed ELF vault
: with the lid removed.

3 A wooden frame built in the carpenters’ shop holds both ELF loops in a vertical
N position at right angles to each other. Foam rubber under the frame helped isolate
;§ . the loops from floor vibrations set up by wind turbulence. It proved critical to
5 make the top of the vault as flush as possible with the surface to prevent wind
. turbulence that can make the vault (and the loops) vibrate. The ELF preamplifier
N was mounted on the wall on the inside of the vault.
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Figure 4.2. The VLF antenna as installed at the Second Crater near Arrival
Heights, Antarctica. A telephone pole serves as the central support for the 2
triangular loops, whose lower ends are supported on 4” by 4” wooden posts. Four
steel guy wires help the structure withstand the high winds encountered at this
site. The preamp enclosure is mounted on the side of the pole and is connected to
the laboratory by 3000 feet of 6-pair cable.
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Figure 4.3. Photograph of the Arrival Heights ELF antenna vault, with the lid
removed. The top of the vault is flush with the surface of the ground, and the floor
approximately 6 feet below the surface. 2” by 6” ‘walers’ reinforce the vault to
withstand the ground pressure on the walls. The wooden frame in the foreground
holds the 2 loop antennas in a vertical position and maintains their relative orien-
tation at 90 degrees.
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4.2. Radiometer Lab System

The U.A.P. building had an ample supply of rack space, so three racks were
used to house the line receivers and recording system. The Sanborn 8-channel chart
recorder provided for this site occupies a fourth rack space. Other instruments
installed in the U.A.P. building in 1985 are two riometers (30 MHz and 51.4 MHz),
a 3-axis fluxgate magnetometer, a 3-axis micropulsation magnetometer, an all-sky
camera, and a 2-channel photometer for auroral studies.

The radiometer system started up properly when first switched on, but several
problems postponed the commencement of routine operations, the most serious
being interference from the 10 KW HF communications transmitters less than 2

miles away.
HF Interference

Strong high frequency signals were able to produce a common-mode input signal
to the preamplifier, whose common-mode rejection is not effective at high frequen-
cies.  The solution was to filter the HF signals before they get to the preamplifier,
using 0.01 uf capacitors to ground on both sides of the loop antenna at the point it
enters the preamp enclosure. This method proved effective for both the ELF and
VLF receivers, reducing the interference to inaudible levels. This change will be
made to all future preamplifiers before they are taken into the field.

Local Power Line Interference

The 4800 volt power line going from McMurdo to Arrival Heights proved to
be a source of considerable interference in both receivers, with harmonics of 60 Hz
present up to approximately 8 KHz. Examples of this interference are shown in
the spectrograms in Section 4.4. The power line is a 2-conductor shielded cable
directly wired into a single phase of the 3-phase system in McMurdo. It is stepped
down from 4800 volts to 240 volts by a 100 KVA transformer close to the lab
building. Induction fields from the cable are seriously degrading the background
environment in the ELF/VLF frequency range in the Arrival Heights area, and
efforts are underway to re-engineer the power line to reduce the problem. Until
the power line is improved, considerable locally-generated noise will be present on
our VLF broadband tapes. As of February, 1985, analog recordings are being made
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with a 2 KHz high-pass filter, located between the mixer output of the VLF line

E. _ receiver and the input to the Mixer/Monitor. The filter is an Allison variabie low
N - pass/high pass filter that can be easily changed if necessary.

;;:\ ) Noise Filter Oscillations

B

‘525 The output stage of the noise filters consists of an active ripple filter following
R the r.m.s. detector. The op amp used in this filter can be made to oscillate with a
o large (~8 volts pk-pk) amplitude at a frequency of 450—550 KHz with the addition
;':"" of a fairly small capacitance on the output (i.e. 10 feet of coaxial cable). Since the
255 oscillations are not perfectly symmetrical, it shows up on the Sanborn as a D.C.
fk offset. On the A/D samples, which can be observed using the signal listing functions
" on the terminal, it shows up as a wildly jumping signal, and, should a calibration
‘% occur while the filters are oscillating, a large zero-signal offset will be stored ia the
?fi computer—in most cases a sign of a malfunction.

The time-mark pen on the Sanborn chart recorder is the usual stimulus. that
starts the oscillations—once started, they will continue until the capacitance is
removed from the output. At Arrival Heights, the Sanborn’s time mark channel
was disconnected from the control coupler output for that reason; the receiver
calibrations every 5 minutes and noise filter calibrations every hour provide sufficient
timing information on the charts. Subsequent communications from McMurdo have
indicated that this is a continuing problem—other stimuli have been found to set
the noise filter outputs in oscillation, and an effort is being made to make the output
op-amps stable for any load conditions.

= Other hardware problems
z} The pre-assembled D-connector cables we ordered from an outside vendor are
R proving to be troublesome. The¢  conductor computer-control coupler cable at

Arrival Heights was defective, ah  .g bits of the status and schedule words passed
from the control coupler to the computer. Another cable was available that worked
properly, but this is likely to be a problem at future installations, so the cables
o should be checked carefully before sending them into the field.

Failures occurred in both an op-amp and an rms detector in the noise filter unit.
These have proven to be failure-prone as these are not the first failures of this type
we have seen. There was no spare for the rms detector chip, so one channel (30Hz
. E/W) is currently inoperative. A spare will be sent do replace it, but until that
time, the 30Hz filter statistics will reflect the N/S channel only.
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The computer sometimes indicated a ‘Clock Phase Error’ for no apparent rea-
son. It is probably caused either by noise on the lines connecting the clock to the
computer or internal noise in the clock that falsely triggers the ‘New Second’ flip-
flop. Either case is difficult to diagnose because it happens so infrequently and with
no identifiable cause. It rarely occurred when no one was in the building, and hap-
pened mostly while someone was working on the equipment. A layer of anti-static
matting in front of the racks reduced the problem considerably.

4.3. System Operation

The system was left operating with the default recording schedule of 1 minute in
30 synoptics for both VLF and ELF broadband recording, and 1 sample per second
continuous noise filter sampling. The analog tapes will last 2 days per side, and
the digital tapes just over 4 days, thus requiring the operator to visit the station
every other day. In order not to miss any data, the analog tapes should be changed
between 23:36 and 00:04 UT—this conveniently occurs at local noontime for Arrival
Heights.

Five channels were functioning on the Sanborn recorder as of February, 1985,
and 5 noise filter channels were selected for display on the chart records. The filters
displayed and their caiibrations are as follows:

Sanborn Channel 2 3 4 7 8
Filter Frequency 30 Hz 135 Hz 500 Hz 2 KHz 4 KHz
Full Scale B, pT,

L.R. Gain =0dB 31.6 31.¢ 1.0 1.0 10
10dB 10.0 10.0 0.316 0.316 3.16
20dB 3.16 3.16 0.1 0.1 1.0
30 dB 1.0 1.0 0316 .0316 0.316

The Sanborn amplifier gains were set as high as possible: the different calibra-
tions reflect the different sensitivities of the ELF and VLF receivers. Channel 8
exhibited a weak amplifier, and was unable to achieve the same gain as the other
VLF channels. Note that during quiet conditions such as those observed in Febru-
ary, the computer will set the line receiver gains at the maximum of 30 dB, but
during periods of strong activity that would drive the pens off scale, the computer
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will automatically reduce the gain in 10 dB steps. The full scale calibration on the
chart increases by a factor of 3.16 for each 10 dB step. Gain changes should be
apparent on the chart records, but the exact history of the gain changes is recorded
in the system status data on the digital tape, and should be consulted any time
that absolute field strength measurements are to be made. When the 3 remaining
channels on the Sanborn are repaired, other instruments such as the riometer, the
magnetometer, and the micropulsation magnetometer will be displayed for correla-
tions studies with the VLF channels.

The noise filter unit (Arrival Heights only) has an auxiliary output connector
(9-pin type ‘D’) for connection to the University of Maryland data system. As of
February, 1985, these outputs are wired internally to the following channels

Pin1 10 Hz Pin5 1KHz
Pin 2 30 Hz Pin6 4 KHz
Pin 3 135 Hz Pin 7 10.2 KHz
Pin 4 500 Hz Pin 8 32 KHz

Scott Base lonosonde

Scott Base re-activated their ionosonde in early February, and it immediately
showed up in our VLF receiver. The transmitter is approximately 4 km away from
the VLF antenna, and is putting out 100 KW at 2.9 MHz. The schedule is repeated
every hour, and consists of pulses spaced 1 second apart from 08:00 to 09:30 and
10:30 to 12:00 minutes, and a burst pattern repeated every six seconds from 46:00
to 58:00 minutes. It is heard in the VLF audio output as a clearly repetitive ticking
pattern.

4.4. Sample Data

A power failure occurred in McMurdo while 1 was working at Arrival Heights
on February 12, and I took the opportunity to make a continuous recording of
both VLF and ELF receivers with near-minimum local power line interference. The
uninterruptible power supply at the U.A.P. building made it possible to keep the

entire radiometer running during the power failure. Figure 4.4 shows a spectrogram

from this period, displayed both from 0 to 20 KHz and from 0 to 2 KHz to emphasize

the absence of high-order power line harmonics. The ELF receiver was recorded

. on analog tape for this demonstration—some rolloff below 50 Hz due to the tape

e recording process should be expected. Two OMEGA stations, Australia and Hawaii,
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'~ and two weaker stations show strongly on the 0-20 KHz recczd, along with seven

[;t Navy VLF transmitters. The line at 10 KHz is the station pilot tone modulated

g with time and station code information. Considerable wind noise can be seen up

;:; to about 300 Hz on the 0-2 KHz record, caused by approximately 40 knot winds N

E%E during the recording period. The ELF recording made several minutes later shows

2 no such wind-induced interference, and low-order power line harmonics can be seen
at 60, 180, and 300 Hz. These are probably produced by the Williams Field power

'-: system, which was still operating at this time. The vertical lines on the record are

3_% atmospherics, the only natural activity seen during this very quiet period.

b

Figure 4.5, a spectrogram of a VLF recording made on 8 February, shows the
n local interference levels when the McMurdo power system is operating, with the

R same data displayed from 0-20 KHz, 0-2 KHz, and 0-500 Hz. The first half of

::‘3 the record, made while the power line to Arrival Heights was disconnected at the

‘_f McMurdo end, shows approximately the same power line harmonic levels as the

‘*"; record shown in Figure 4.4, when McMurdo was completely dead.. At the point

é;‘,‘v' indicated, the power line to Arrival Heights was re-energized by inserting a fuse into

3 the line, and a dramatic increase in power line harmonics is evident. The secondary

b} increase approximately 12 seconds later is probably due to increase in current when )
by the uninterruptible power supply begins recharging its batteries. Figure 4.6 gives an

'jt example of the background spectrum present during normal conditions at Arrival

%: Heights.

As mentioned previously, the VLF signal recorded on analog tape is high-pass

£ filtered at 2 KHz to reduce the strong low-order power line harmonics. The VLF
\3 output going to the Noise Filters is unfiltered, so there is a possibility of some
E power line harmonics getting into the narrowband filters. Note that only the odd
harmonics are present, so there are no harmonics within the passband of the 500
‘:; and 750 Hz filters, 1 each in the 1.0, 1.5, and 2.0 KHz filters, and 2 each in the 3.0
». and 4.0 KHz filters. Figure 4.6 shows that the strength of the harmonics increases
Ec ‘ around 5 KHz, then disappears above 7 or 8 KHz.

= There is a strong component at 420 Hz, which is clearly audible in the ELF
Jj receiver output when the notch filters are enabled for 60, 120, 180, and 300 Hz.
'j This component is beyond the cutoff of the 400 Hz anti-aliasing filter, but is only
'$ attenuated a small amount, and we presently have no notch filter at this frequency,

- so it will be present on our digitized broadband ELF data. This component is not
visible when the power line is de-energized, so a notch filter should not be necessary
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if the power line itself can be cleaned up.

Figure 4.7 through Figure 4.10 show Sanborn chart samples of all 16 noise filter
frequencies, taken from the North/South channel in all cases. There is very little
natural activity present, so most channels show typical quiet levels. There appears
to be some hiss present on the 500 Hz channel, and two Omega stations (Australia
and Hawaii) can clearly be seen on the 10.2 KHz channel, showing field strengths
of approximately 0.075 pT (23 sV/m) and 0.02 pT (6 sV/m) respectively. The
1-second pulses appear to merge together into a continuous line at the chart speed

used for these records. The periodic vertical lines on the chart are due to the
comb calibration signal injected into the preamps at 5-minute intervals. Each comb
component has an amplitude of 10 pT for ELF and 0.1 pT for VLF. The larger
disruption seen at the start of every hour is the noise filter calibration sequence,
i which takes 19 seconds for VLF channels and 200 seconds for ELF channels.
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Figure 4.7. Chart records of the ELF noise filter channels at 10 Hz, 30 Hz, 80 Hz,
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Figure 4.8. Chart records of the ELF noise filter channels at 275 Hz and 380 Hz,
. and the VLF channels at 500 Hz and 750 Hs.
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Figure 4.9. Chart records of the VLF noise filter channels at 1.0 KHz, 1.5 KHz,
| 2.0 KHz, and 3.0 KHz.
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Figure 4.10. Chart records of the VLF noise filter channels at 4.0 KHz, 8.0 KHz,
10.2 KHz, and 32.0 KHz.
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Appendix A. Data Format Reference Manual

This appendix is an excerpt from the Noise Survey Software Reference Manual,
written by Evans Paschal of Stanford University. It contains complete specifications
for the data recording formats of both analog and digital tapes, and should serve
as the guide for anyone attempting to read and analyze radiometer data tapes.

The page numbers are those of the original document, going from 3.1 to 3.34.
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This chapter contains most of the information needed to
interpret digital tape recordings made by the Noise Survey
system. As such, it is intended primarily for data users.

3.1 ELF and VLF Receiver Calibrations

The VLF and ELF receivers are calibrated by injecting a calibration
signal o¥ known amplitude at the preamp antenna input terminals for both
the NS and EW channels of each preamplifier. Each calibration signal has
a comb spectrum, with equal amplitude components spaced evenly in
frequency throughout the range of the respective receiver. The signals
are generatied by a comb generator in the respective line recetver, and
use a pseudo-random waverorm to maximize the signal power whila
minimizing signal peak amplitude. The VLF comb calibration signal has
components every 254 Hz, from 257 Hz on up idown J.93 d8 at 32 KHz),
where each ccmponent is equivalent to a received fleld strength of

F.100 pT (B field) or 39 uV/m (E field). The ELF signal has components
every 19 Hz (down .05 dB at 339 Hz), each esquivalent to a racefved field
of 1.0 pT or 3.4 aV/m.

If the calibration signals are measured during data analysis, the gain
and frequency response of each channel of both receivars can be
determined, and thus absolute measurements of recefved signal strength
can be made. A reference signal 13 especially important in the case of
the broacdband VLF recording, made on analog tape, where tape gqualiiiy and
recorder gain variations may cause the signal on playback to be at a
different level than when recorded.

The comb calibration signals are asplied as follows:

1. VLF preamp calibration: every 5 minutes starting at
£9:99:91 for | second.

2. ELF preamp calibration: every 5 minutes starting at
gF:04:53 for 8 seconds.

Hote that the VLF cal signal occurs Just after the WWV break (see Section
3.3 below), and the ELF cal occurs during the WWV break time. When
either calibration signal is on (and for a short time thercatter - 1 s
for VLF, 18 s for ELF) the noise Tilter data processing task Is inhibited
from generating statistical data from the respective bank of filters so
cal tones will not be interpreted as rec2ived signals.

P22 RS2SR 22 220 AR R RS LR R Rttt R R i a2 2 2 2 R L R B 2 2 Ry g gy

3.2 Noise Filter Calibrations

Noise filter calibrations are used to measure the gain and rms detector
l1inearity of the various Tilters in the noise filter unit, and also to
measure any dc offset in the rms datectors and A/D converter input
multiplexors. Noise filter calibrations are mada by switching off the
signals from the VLF/ELF reccivers and inserting instead attanuated
signals from the ltne receiver comb generators. The comb signals are
applied separatoly to the VLF and ELF filter banks, first to the NS
channels and then {o the €W channelis, with various attenuations over a
78 dB range.

Noi‘se filiter caltbrations are performed as follows:




Y
3
- 3.2
g' 1. VLF NF filters: every hour on the hour for 19 seconds as
A follows:
b, a. 1 second no signal, no cal (zero rasponse check!}
) b. 1 sec each NS bank only at -73, -6J, ..., @ dB atten.
N B 1 second no signal, no cal .
d. 1 sec each EW bank only at -7, =82, ..., 9 dB atten.
5 @. 1 second no signal, no cal
b
N 2. ELF NF filters: every hour on the hour for 239 seconds as *
32 follows:
¢ a. 29 seconds no signal, no cal (zero response check)
*3 b. 1J sec each NS bank only at -72, -80, ..., & dB3 atten.
LR

€. 10 seconds no signal, no cal

d. 10 sec each EW bank oniy at -7J, ~69, ..., 9 dB8 atten.

. .e. 1Z seconds no signal, no cal

i After segment a. (zero response check), the digitized input samples for
each VLF or ELF filter are saved as zero offsets for the respective

) inputs, and are subtracted from subsequent {input values to compensate for

Q rms and A/D convertier dc offset. If the noise filter power 1s ofFff or the

%& unit is in local cal mode, no calibration is attempted, since the zero
offesets saved in that case would be erroneocus. Also, i{f the noise filter

. power should fail or the unit b2 put in local cal moda after a cal
sequence is started, the calibration is aborted for the same reason.

« 1J seconds after the system is first started, when recovering from a
ﬁ. power failure, or after a fatal panic, the noise filter calibrations are
- also run to determine the zero offset values.

VWhen a calibration signal is on (and for a short time thereafter - 1 s
= for VLF, 10 s Tor ELF) *he noisze Tilter data processing task is inhibited
By from generating statistical data from the rsspective bank of filtars so .
¥ cal tones will not be Interpreted as received signais.

"'.‘."'.
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3.3 Analog VLF Recording

Analog recordings are made of the broadband VLF data on a synootic,
continuous, or special-schedule basis a3 sslected by the operator. The
analog rccorder 1s an Ampex 443C 2-channel recorcder/reproducar that takes
standard l/4-inch analog tape on 19-1/2 inch reels. The recordar has
half-track heads and can record 2 channels at once in one direction, but
most often will be used to record a single channel only, with the
operator swapping reels at the end of one side and then continuing to
record the same channel on the other 3ida of the tape. Recordings can
be made from 3.75 to 39 ips, but most are made at aither 3.75 or 7.5 ips,
depending on the frequency response required. At 3.75 {ps a 3559-foot
reel will hold about 3 hours of data on each side, or § hours of single-
channel data total. At 7.5 ips, it can contain 96 minutes each side, or
3 hours total.
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The record electronics use constant-current equalization. That 1s, a
signal of given amplitude will generate a constant rms current in the

T recording head regardliess of frequency (at least over the frequency range
{{ of interest for a specified tape 3peed). The reproduce electronics are
i adjusted to play back constant-current racordings with maximum Fidelity,

z: Constant-current equalization i3 used instead of the more common NAB

" equalization For our data bacause it allows a reasonable dynamic range

over a wider frequency ranga. (NAB and other common audio equalizations
emphasize high-frequency componant3 during recording and da2-amohasize

"ﬁ them during »layback to eliminate tape noise. Howaver, with VLF data
O A this would cause high=-frequency signals to saturate tha tape.)
*

VLF synoptic recordings are normally made of only one raceiver output,

’ usually the NS signal (though the orarator can racord the VLF SV signal,
ké either ELF signal., thougn with a limitation on low~frequancy rasponse,
and add cither of 2 auxilliary input signali). In addition to ths
signal, the tape contains WWV breaks for tima chacks, and a continucus

[~ time mark and pi1lot tona for tima and phase raferance. The beaginning of
;2 each tape should include a snort announcamant by the operator giving the
: "$
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date, statfon, and various other particulars of the recording. .

Synoptic recordings are made automatically 1, 2, 4, or 12 times an hour
~(every 60, 39, 1§, or 5 minutes), depending on the setting of the
SYNOPTIC RATE switch on the coupler. Each synoptic recording lasts
either 59 or 69 seconds. (While a 3609-fcot tape would have exactly
enocugh space on each side at 7.5 ips for 24 hours of 60-sscond recordings
made once every 15 minutes, we must leave room for a voice annotation at
the beginning and allow for some tape length varfation.) Synoptic
recordings are made at the following times:

Synoptic Rate Start Time Stop Time (VLF Synoptic)
1/5 1715 1739 1/68 XX:94:53 XX:05:62
1/5 XX:89:53 XX:19:53
1/5 AX:14:53 XX:15:82
1/5 1/15 XX:19:53 XX:20:53
175 XX:24:53 XX:25:52
1/5 XX:29:53 XX:30:53
1/5 1/15 1739 XX:34:53 XX:35:52
1/% AN:39:53 XX:40:53
1/5 XX:44:53 XX:45:52
1/5 17158 XX:49:53 XX:58:53
1/% AX:54:53 XX:55:52
1/5 XX:59:53 XX:09:53

Each VLF synoptic recording starts with an 8-second WWV break, when the
tnput signal is switched off and the output of the WWV recetiver tis
recorded. 8 seconds is just long enough to catch the WWV station and
time announcement (“Station WWV. At the tone, the time will be ...") and
the l-second tone on the minute. Following the WWV break, the VLF signal
is turned back on. The first second of signal will include a VLF preamp
calibration tone.

At stations equipped with two analog recorders, recordings can be made
using both decks, with control transferring from one deck to the other
at times determined by the FIRST DECK and TRANSFER TIME switches on the
coupler. This allows longer periods of operation before the operator
must swap tape reels or load a new tape. The following table lists the
deck used versus time of day and transfer time switch setting, assuming
the first deck switch is set to DECK 1. The other deck is used {f the
first deck switch 1s set to DECK 2. Note that the times listed are in
whole hours. A recording on the hour actually starts 7 seconds before
the hour, but is assigned a deck as if it started on the hour. (Even and
and odd days refer to the parity of the day number, the number of days
since Jan 7, 1998.)

Time of Day Transfer Time Switch Setting
OFF 24 12 8 4
Even Days
98-93 hours 1 1 1 1 1
#4-97 hours 1 1 1 1 2
#8-11 hours 1 1 1 2 1
12-15 hours 1 1 2 2 2
16-19 hours 1 1 2 1 1
20-23 hours 1 1 2 1 2
0dd Days
p9-23 hours 1 2 1 2 1
g4-87 hours 1 2 1 2 2
28-11 hours 1 2 1 1 1
12-15 hours i 2 2 1 2
16-19 hours 1 2 2 2 1
20-23 hours 1 2 2 2 2
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3.4 Tape Pilot Tone and Time Marks

'?ho pilot and time mark tone is a 19 kHz amplitude modulated signal
inserted along with the received signal in analog VLF recordings for two .
purpcses:

1. to provide a phase reference to allow the reconstruction of
received signal phases during data analysis (eliminating tape wow
and flutter) and

2. to provide automatic station, day, and time identification In
the tape record.

The pilot tone is normally recorded 39 db below normal maximum tape
level (-32 VU), but 1s modulated up by 19 db (to -28 VU) to provide time
mark ticks on the second, and station {dentification, day, and time of

.} day information. No year information is encoded. The time mark

i modulation is as follows:

-

48 ms pulse on the second except
a. 1.04 second pulse on the minute
b. no pulse on any second ending in 9 (99s, 19s, ...,)
¢c. no pulse at J6s
d. 2-letter station code in Morse code at Jg7s, 08s
e. 3~digit day of year in Morse code at 1ds, lls, 12s
f. no pulse at 13s
9. 2-digit hour in Morse code at l4s, 15s
h. no pulse at [6s
1. 2-digit minute in Morse code at !7s, 18s

A1l Morse code characters are generated with dit = 49 ms, dah = 129 ms.

[ 22 222222 222222 222222212222 2232222322222 R 2222 2222222222 a2 2222232 11222}

3.5 Chart Time Marks

A relay contact output is provided at the coupler to drive chart time
mark pens, with contact closure as follows:

1 second closurs on the minute except
a. no :losure on minutes ending tn 8 (#9m, 19m, ...)
b. 39 snc closure at 99m on the hour
€. 38 ssc closure at 00:02 at the beginning of the day

(2222222222122 2222222222 2R 2 2 d 2 2 R R ol dif il il il il lligll ey ere ey

- 3.6 Digital Tape Rncording Format

Digital data are recorded on 18-inch reels of standard 1/2-inch wide
digital tape. A1l recordings are 9-track (8 data tracks plus odd parity)
at either 1609 bpt PE (phase~-encodad or high density, the usual choice)
or 8089 bpi NRZI (low density, an optional choice). Recording uses the
industry-standard (1e, 1BM compatible) format. Data on the tape are
divided into FILES, TAPE RECORDS, and DATA RECORDS, as follows.

- o e
LN e KB *

Each FILE 1s a section of tape terminated by and end~-of-file or EOF mark.
An EOF {s normally written at the beginning of each hour, so each file
contains one hour's worth of data. Files provide a convenient means for
rapid data searches when reading a tape. However, it should be noted
that the file mark does not cut the data stream always precisely at the
hour. Data accumulated tn a task buffer s usually not written to the
tape until the buffer is full, so some data taken just before the hour
may be written to the tape after the file mark. The last file on the
tape 1s marked by two EOF marks in a row - the logical EOT or end-of-tape
point. No valid data can be read past this point. (Note that the
logfcal EOT usually occurs before the phystical EOT mark, a reflective
foil strip just before the end. Any data past the logical EOT is garbage
left from some previous use.)

o ) . _‘ R . . . . R R R L N "‘1\‘&".‘-"‘ {'k.n_‘\" A \-“\'.:(-‘_\’-.":.;':-q'
L - ".I I o} K . v x d . o KN * 3 K o ‘{-‘3 "“1—"\.}}"3‘”' ﬁq-f:*i“j. " \. .‘.i‘:N\\‘n. .\‘ J""-*x‘r\
. Yt AT EERLCS L) .C!,‘.L. - 1y

.
eI ICP

:ﬁfff;ézaﬁ?

O

-



3.5

Within each file, data is written in TAPE RECORDS. Each tape record is
a block of 8192 bytes of data followed by a small {nter-record gap or
IRG. The record also contains CRCC/LPCC check characters and/or
synchronizing fields depending on the density used (PE or NRZI). When

a tape is read back for processing, it i{s read one tape record at a time.
Each pair of bytes should be interpreted as the high (first) and low

{second) byte of a 16-bit word. Thus, each tape record contains exactly
4996 words.

Within each tape record, data are written in DATA RECORDs. Each data
record includes a 5-word data block header followed by a vartable-length
data block. (NF/DIFF data records further divide the data block t{nto
subblocks.) The data header contains a code word identifying the type of
data, a block count indicating the total number of words in this data
record, and three words of time information specifying the time of the
first data sample. The maximum size of a data record (s 1924 words
(though most are smaller), so each tape record can contain 4 or more data
records. I[f the data records in a tape record do not add up to 4096
words, the remaining words are made 9's.

. - R G
S TR
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Each tape record is thus formatted like this (16-bit words are written in
2 bytes, high byte first):

word 1: {data code 1> ————————
<{block count N1> I
{time word 2> . [ ’
{time word 1> |-- Data Record 1
i
I

So T e e W

{time word 2>
{data ...

) eedd e

K word N1+1: {data code 2> meme————-
N . Cblock count N2> I

{time word 27> t -
3 {time word 1> |-~ Data Record 2
5 {time word 2> |
h - ‘ {data ... i

cesd e

word N1+N2+1: {data code 3> —————ea -
<block count N3> |-- Data Record 3

19

¢

§ [P,
)

\

{opticnal #'s ...

-
e oo

[} word 4296: a>
CRCC/LPCC/IRG ww=—e=~=«e- End of Tape Record

The data codes used in the Noise Survey system are defined as follows:

) Data code = 1 - Noise filter/differential input data
Data code = 2 - Noise filter/differential input statistics
Data code = 3 - Broad-band ELF NS data
Data code = 4 - Broad-band ELF EW data
¢ Data code = 5 - System status data
Data code = 6 - Message log (text) data

The block count N is the total number of words in the particular data
record. When searching through dfgital tape data, the next tape record
is read into a buffer. The data code and block count for the first data
record are read from the first two words of the buffer. If the code (s

) not of the type wanted the block count {is added to the buffer pointer and

. the next data code and block count are retrieved and so on, until the
X desired data are found. I[f the end of a given tape record ts reached
) (1ie, data code = @), the next record must be read into the buffer and the

search continues, Note that tape records are all of fixed size: 4096
s words. If data records do not completely f11]l a tape record, the
- remaining words in the tape record are zeros.
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3!5
The time words specify the time of the data as follows:

Time word & -~ Day number. This is an unsigned 16-bit integer
which ranges from 1 to 65535, giving the number

of days since Jan @, 1999. Note that

Jan 1, 1982 = 1; Jan 1, 2000 = 36525; and

Jun 5, 2079 = §5535. (Remember that 1909 is

not a leap year, but 2009 is.)

Time word 1

and Time word 2 = Time of day. The time of day is a 2-word
unsigned double-precision integer gtving the
time in milliseconds since the beginning of the
present day, high word first. The maximum
value of the time of day is 9024467055777 =
86399999, or 23:59:59.999. In practtice, the

time of day 1s only given in increments of
100 ms (snap time).

Data of a given type (data code) are always recorded in data records fn
time order (sequentially) as they are generated. However, different
types of data records may be intermingled in each tape record, since the
tape record reprasents the output of a number of concurrent processes.

The format of the data recorded in each type of data record {s detailed
in the following sections. .

LA XAl A2 2222 Rl R i sl il 22 2 R 22 22222222 X220 2 222 23

3.7 Noise Filter Sampling and Recording

The 32 noise filter rms detector outputs (16 filter frequencies, each
with a NS and an EW filter and detector) are sampled every 1909 ms, along
with the 6 differential inputs. The total -(non-directional) signal at
each noise filter frequency is calculated by taking the square root of
the sum of the squares of the NS and EW detector outputs, to give 16

noise filter magnitudes. Varfous other statistical measures are also
calculated, as described in Section 3.8.

However, most of these data points are not recorded. The operator can
select the number of data points recorded by the SAMPLE TIME switch on
the coupler, and record samples at 2.2, 9.5, 1, 2, 5, or 1@-second
fntervals. Samples may also be recorded every #.1 second on a special-
schedule bastis only. In addition, the 6 differential inputs (signals
from other optional experiments) may be recorded 1f desired at these
times. Recorded samples are always taken at times starting on the
minute, and at the specified intervals thereafter. The operator may also
elect to inhibit the synoptic recording of noise filter/diff input data
and/or to specify recording at special rates (from the list above) and
times. In addition, the operator may specify that particular nolise
filter tnputs not be included in the filter magnitude calculations,
useful In cases where one signal (NS or EW) is heavily contaminated by
local interference and is not to be sampled at a particular frequency.
(This option may also be inciuded {n the built-in program at assembly,)

Noise filter/differential input data records on tape are formatted as
follows:

1 - NF/DIFF data code
{block count>) = total number of words in data record

{time word 0> - time of the first set of samples
{time word 1>

{time word 2>

{block recording flags)

{subblock s3ize>

{data subblock 1> ~ first set of samples
{data subblock 2> - secund set of samples

{data subolock n> - last set of samples
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3.7

The block record flags word (6th word in the data block) gives the
following information:

h

FLAGS: B#Z - 1 {f DIFFl is being recorded

Bl - 1 {f DIFF2 is beting recorded

8S - 1 1f DIFF6 is being recorded

86 - 1 {f synoptic record has been inhibited for
any time during this data record

B? = 1 {f this record contains a synoptic recording

B8 - 1 {f this record contains a special-schedule
recording

BS - always 1

B18-12 -~ synoptic recording sample time
B13-15 -~ special schedule recording sample time

The recording sample time flags (B19-12 and B13-15) give the recording
rate as follows:

y {44 - off

221 - 19 seconds/sample

219 - § seconds/sample

11 - 2 seconds/sample

108 - 1 second/sample

191 ~ #.%5 second/sample

118 - #.2 second/sample

111 - #.1 second/sample (spectal-schedule only)

The subblock si1ze word (7th word in the data block) gives the size (n
words of each subblock in the current record. In a given record, the
subblock size (and which differential inputs are being recorded) is
fixed.

Each data subblock contains 16 to 22 words representing the 16 noise
filter magnitudes and (optionally) samplies of the 6 differentfal inputs
taken at one time (over an interval of 38 ms). Because differential
inputs are optional, the subblock size is varfable. Similarly, the data
record size will also vary, depending on the number of subblocks that can
be fit 1nto one data record. The maximum data block size is currently
247 words (NRBBZ+7). (See NTSKS for a discussion of the choice of this
value.) For example, when no diff input data are being recorded, each
subblock will contain 16 words (noise fi{lter magnitudes), and each data
record will contain 15 subblocks, giving a total record size of 247 words
{5 header words, 2 flag and size words, and 249 data words). If one
differential input were being recorded, each subblock would have 17
words, and each data record would contain 14 subblocks for a total of 24S
words. Within each subblock, data are recorded in the following order:

Subblock: NF channel 1 magnitude
NF channel 2 magnitude
NF.éﬁannel 16 magnitude
DIFF 1 ({f recorded)
DIFF 2 (1f recorded)

DIFF 6 (if recorded)

Each noise filter magnitude is the square root of the sum of the squares
of the NS and EW filtered signals at that frequency (unless one is being
ignored because of interference) and {s an unsigned integer ranging from
@ to 46335 (= 132377 octal). The A/D converter gain used in taking each
notse filter sample s compenssted for by shifting the digitized samples
before magnitude computation, and any converter zero offsets are
subtracted, so these effects should not be apparent to the data user.
However, the magnitudes recorded do depend directly on the VLF or ELF
recetiver qgains (4, '@, 29, or 38 dB) and these gains must be taken into
account when analyzing data. Receiver gains are recorded In the system
status data. (See Section 6.8 for the recetver automatic gain
algorithm.) The following table shows the rms received field in a
properily calibrated system which gives a noise filter magnitude of | for




various receiver gains:

hA 4 .
S “ Receiver Gain ELF Mag = 1 VLF Mag = 1
" 2 dB 72.67E-15 Tesla 4.167E-15 Tesla -
19 d8 22.98E-15 Tesla 1.318E-15 Tesla
- 20 d8 7.267E-15 Tesla 416.7E-18 Tesla
;qa 390 d8 2.298E~15 Tesla 131.8E-18 Tesla )
5
{Qa Some cauttons when interpreting noise filter magnitudes are in order
sfgl here. First, the minimum useful output voltage from the rms detector {n
tﬁu each noise fiItor channel! 1s about 2.5 mV, corresponding to a magnitude
?Q:. of 8. Noise filter magnitudes of this order are near the system noise
o level. Second, the maximum useful output from the rms detector is about
. 7 V, corresponding to a magnitude of 22498. Magnitudes larger than this
g" may be tn error because of clipping in the system. The useful dynamtc
ghh~ range of noise filter magnitudes {s thus about 70 dB.
Bt The differentfal tnput data (when recorded) are a bit different. Differ-
\ ; ential inputs may be defined as signed or unsigned. The choice for each
oy

input {s fixed when a particular system is assembled (PARNC parameters
7?7DS1-77?2DS6). Signed inputs take on values from -32768 (100299 octal) to
+32764 (977774 octal) representing voltages from -18.24 to +18.24 V,

“ Unsigned inputs are limited by the data processing task to be always non-
M negative (that is, 1f an unsigned sample f{s taken and found to be less
fﬂ than 9, the value & is used instead). This feature is useful with

- certain instruments (such as rms detectors) whose outputs should always
be posttive voltages and where a negative voltage represents an error of

/o some kind which should not be used when calculating the average, rms and

‘ minimum/maximum statistics. Unsigned sample values range from 9 to 32764

-t representing input voltages from & to +18.24 volts.

s

;f% Also note that the particular A/D converter gain (1, 2, 4, or 8) used

e when sampling a particular differential input i{s compensated In the data

558 correction task by shifting the sample (left 2 bits, left 1, no shift,
fx:} right | bit) so all samples are normalized to the range +/- 19.28% V full 4
A scale. However, the precision of each sample (s only 14 bits (13 with

gain of 8), That is, with an A/D gain of !, samples will range from
-32768 (or # if unsigned) to +32764 in steps of 4 (= 1,25 mV). With an

i*' A/D gain of 4, samplies will range from -8192 (or 4) to +8191 {n steps of

Rt 1 (= 9.3125 mV). The interpretation of differential input data depends,

Ry of course, on what optional instruments have been connected at any gtven

L fleld station.

:‘ 122222322 22222 222 2222 2222 s 22 2 2 22 2 2222222 2222223 XX 23 22 X 20 gy

ﬁ?* 3.8 Noise Filter Statistics

el

Sk

el

k{ﬁ‘ The noise filter statistics data are recorded every minute at the start

JoH of a new minute and contain the rms, minimum, and maximum values of the

b noise filter and differential input samples taken during the previous 64

T seconds. Each statistics data record looks like this:

Ny 2 - Statistics data code

3 96. - block count, always 96

32N {time word > - time of the minute for this data

grél (time word 1> i
e {time word 2> i
,,‘; CELF smpl ent> =~ number of ELF (NF Chl-Ch6) samples

<VLF smpl cnt) numbar of VLF (NF Ch7-Chl6) samples
<DIFF smpl cnt)> = number of DIFF samples

A {average values -
A cee - 22 words
B {rms values
P s -~ 22 words
;’;‘ {minimum values
'0:‘ - ces? -~ 22 words .
N {maximum values
i cee? - 22 words
k-1
(-
e,
4 e
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3.9

The ELF, VLF, and DIFF sample counts are the number of sample sets used
in calculating the average, rms, minimum, and maximum values for noise
f1lter channels 1-6 (ELF channels), noise filter channels 7-16 (VLF
channels), and the 6 differential inputs (DIFF1-DIFF6), respectively.
These inputs are sampled every 199 ms (every snap), S0 a minutes worth of
data will normally contain the results of processing 600 samples (64
seconds at 17 samples/second). However, if either an ELF or a VLF
calibration 1s in progress (either a preamp cal, taking 8 seconds for ELF
and 1 second for VLF, or a noise filter cal, taking 294 seconds for ELF
or 19 seconds for VLF), the respective noise filter samples are not
processed as part of the statistics data. If the noise filter power or
that of one of the receivers is off, or a unit is in local cal mode, the
respective samples are not used to generate statistics. Also, following
a calibration, power off status. or local cal status, the ELF filters are
ignored for 19 seconds, and the VLF filters for | second, to allow time
for the individual filters to settle back to their steady state response.
The noise filter statistics data thus refer only to the values of
received signals. (Differential input statistics are not inhibited by
calibrations.) Finally, tf the operator should correct the c¢lock during
a given minute, that minute's statistics data may contain greater or

fewer than the usual number or samples. Sample counts are normally as
follows:

Time ELF count VLF count DIFF count
XX: X9 499 5889 6982
XX:X1 608 6082 699
XX:X2 609 604 690
XX:X3 699 60¢ 6909
XX:X4 832 609 609
XX: XS 499 584 698
XR: X6 608 6949 629
XX:X7 609 699 699
XX:X8 6483 698 689
XX:X9 839 600 699

except on the hour, when noise filter calibrations are started, and the
sample counts are:

XX:08 g 498 699
XX:91 ) 608 639
XX:02 g 699 609
XX:983 3498 609 690
XX:04 539 642 689
XX:95 . 499 589 609
XX:06 604 629 699

The 22 average, rms, mintmum, and maximum values are each written in the
following order:

NF channel 1

NF channel 2

NF'éaannol 16
DIFF 1

DIFF 6

Note that the differentfal input values are alwavs reported, even {f no
external instrument is connected to a particular input.

The average values are obtained by summing, during each minute, the
corrected noise filter magnitudes and differential input values, and at
the end of the minute dividing the (double-prectision) sum by the number
of samples included. The resulting average for a noise ftlter channel is
an unsigned tnteger from & to 46335 (132377 octal). For a differential
fnput the average is a signed integer from -32768 (19098903 octal) to
+32764 (877774 octal), though only signed differentia) inputs may be less
than zero. Averages covering longer periods of time may be calculated
during data analysis by averaging the averages in the obvious way.
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The rms values are calculated by dividing the triple-precision sum of the
p squares of the noise filter magnitudes or differential input values by
P the number of samples accumulated in each minute, and taking the square
I root of the result. The resulting rms values are unsigned integers
ranging from & to 46335 (132377 octal) for the noise filters, and # to
32768 (100008 octal) for the differentfal inputs. RMS values covering
longer periods of time may be found by reversing this procedure to find
the sums of the squared values, adding those results, and dividing by the
sums of the sample counts and taking the square root.

ae, s BT A
SN SN

The minimum and maximum values reported in the statistics data are the
minimum and maximum values found for each tnput during the given minute.
Since the noise filter data are magnitudes (unsigned integers from @

Sa to 46335) whereas the differential input data are voltage samples (signed
o tntegers from ~32768 to +32764 or unsigned integers from & to +32764),

K% the minima and maxima of noise filter and differential input data are

) ; interpreted differently, as follows:

Rt

Eﬁt 1. The minima and maxima of noise filter magnitudes are unsigned

integers, ranging from 2 to 46335. The minimum value for a given
noise filter channel is that value closest to @ found during the
given minute. The maximum value is that closest to 4633S.

2. The minima and maxima of signed differential {input samples
are signed integers, ranging from -32768 to +32764. The mintmum
value for a given signed input is that sample closest to -32768
found during the given minute. The maximum value is that closest

to +32764.
:?i 3. The minima and maxima of unsigned differential input samples
Sk are non-negative integers, ranging from & to 32764. The minimum .
35 value 1s that sample closest to & (negatfve tnputs are changed to
%& #). The maximum value (s that closest to +32764.
g
?%f If no samples of a given type were processed in a given minute (because ¢

of calibrations, for instance), the average and rms values reported will
be #, the minima will be high, and the maxima will be low (ie, the

4 tnitial values used in processing the data). Also, if particular noise
Y filter inputs are being ignored (because of local interference), the

j values reported reflect only that signal (NS or EW) that is processed.

Refer to Section 3.7 above to convert a given average, rms, minimum, or
) maximum value to a received field or an instrument output voltage.
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;ﬂ# 3.9 8road-Band ELF Recording

3%

LS Broad-band ELF data are recorded on a synoptic schedule just like the

! analog VLF data described above, except that each ELF record on digital

- tape is exactly 60 seconds long. Synoptic ELF recordings start at

@#f xx:x4:53 or xx:x9:53 and end at xx:x5:53 or xx:x@:53, respectively. The :
}5* first 8 seconds of an ELF record contain an ELF preamp calibration

5 signal along with received signals. Broad-band ELF recordings can be

oy made of either the NS signal, the EW signal, or both signals at the same

gg time (the data code specifies which signal s contained in a particular

T& data record). The broad-band ELF signal is low-pass fi{iltered to 498 H:z

and sampled at a rate of 1090 samples/second to preserve signal
"y information from 18 Hz to 400 Hz, and eliminate aliasing above 409 Hz.
A
AN Each sample is digitized to 14 bits, and is a signed integer in 2's-
. compiement form from -8192 to +8191, representing the receiver output -

1A% voltage over a range of -~10.24 to +10.24 volts (assuming an A/D converter
: gain of 1, the normal case). The field strength of a received signal
. that corresponds to a given sample depends on the ELF receiver gatn used
—= at the time. The following table gives the received field in a properly ¢

" calibrated system versus sample value and receiver gain:
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Receiver Gain Sample = | Full-scale = 8192
g d8 726.7E-15 Tesla 5.953E-99 Tesla
19 d8 229.8E-15 Tesla 1.883E-09 Tesla
29 dB 72.67E-15 Tesla 595.3E~12 Tesla
39 dB 22.98E~-15 Tesla 188.3E-12 Tesla

The A/D converter is synchronized to a 3 kHz signal from the clock
derived from the station frequency standard, and jitter in the sample
times should be very low (a few nanoseconds). However, the NS and EW
signals are not sampled simultaneously. Every NS sample is taken
approximately 333 usec after the millisecond, and every EW sample is
taken approximately 667 usec after the millisecond. This means that
there 1s a time lag of 333 or 334 usec between corresponding NS and EW
samples, which must be kept in mind during data analysis {f the two
siqnals are to be compared to each other. (See Section 5.12 for details
of the sampling process.)

The format of each data record for BB ELF data is:

3 or 4 ~ data code for NS or EW, respectively
5405. - block count, always 545.

{time word 2> - time of the first data sample

{time word 1)

{time word 2>

<S9% words of

data ...»>

Each data record thus contains 509 samples, or 9.509 seconds, of BB ELF

data. (See NTSKS for a discussion of the choice of the parameter ELFBK =
504.)
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3.19 System Status Data

A system status data record is made every 19 minutes starting on the
hour. It contains information needed during data analysis (such as the
recetiver gains) as well as {nformation providing a record of system
operation. Each system status data record {s formatted as follows:

] - System status data code
92. - block count, always 92
{time word 9> - time of status reporting
(time word 1>

{time word 2>

SYSID - Station ID bytes

SYCPL - Coupler data copy, 19 words

$§ABG - A/D converter gains, 12 words
SQABZ -~ A/D zeros, 38 words

SQQ;L - Mag tape flags, 8 words

SQﬁéT - Mag tape transport status, 8 words
SQE&B - Error status word @

SYER1 - Error status word 1

SYER2 - Error status word 2

A\
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A
s Coupler Data copy SYCPL and following:
£ ~ These 19 words contain a snapshot of the coupler data as they
4] were at the time of status reporting, arranged as follows (see
kY Section 3.11 for a description of particular coupler data words): .
A Coupler Input Data:
4 SYCPL+§ = CPLIl1 - VLF receiver status in
9 SYCPL+1l = CPLI2 - ELF receiver status in
) SYCPL+2 = CPLI3 - Noise filter status in
i SYCPL+3 = CPLI4 - Mixerl status in
% SYCPL+4 = CPLI5 - Mixer2 status in
Fi SYCPL+5 = CPLI6 - Schedule status in
SYCPL+6 = CPLI7 - Miscellaneous status in
%y Coupler Output Data:
£ SYCPL+7 = CPLOQ - Program lights out
y SYCPL+8 = CPLOl - VLF receiver out
y SYCPL+9 = CPLO2 - ELf receiver out
2 SYCPL+18 = CPLO3 - Notse Filter out
i SYCPL+1]1 = CPLO4 - Mixer out
SYCPL+12 = CPLOS - Relay control out
SYCPL+13 = CPLO6 - Digital tape status out
5 SYCPL+14 = CPLO7 - Other indicator status out
2
:} Program Schedule Status VWords:
{ SYCPL+15 = CPLSO - VLF recording status
£\ SYCPL+16 = CPLS]1 - ELF recording status
‘¥ SYCPL+18 = CPLS3 ~ Statistics recording status
SYCPL+17 = CPLS2 ~ Noise filter recording status
{,
‘ A/D Converter channel gains SYADG and following:
% These 19 words contain the signed number flag (88) and the low 3 .
L bits (ignore flag and gatn) of the A/D converter select words
ASOIN-ASBBE at the time of status reporting, arranged in 4-bit
A nibbles.
:) SYADG+@ = <Ch 1 NS><Ch | EW)>{Ch 2 NS><Ch 2 EW>
& SYADG+1 = <Ch 3 NS><Ch 3 EW><Ch 4 NS><Ch 4 EW>
& SYADG+2 = (Ch 5 NS>CCh 5 EWX{Ch 6 NS><Ch 6 EW>
3 SYADG+3 = <Ch 7 NS>Ch 7 EW><Ch 8 NS><Ch 8 EW>
b SYADG+4 = <Ch 9 NS>CCh 9 EW>XChl@ NS><Chlg EW>
SYADG+S = <Chll NS><Chll EW>{Chl2 NS><Ch12 EW>
. SYADG+6 = <Chl13 NS>CCh13 EW>CChl4 NS$><Chl4 EW>
X SYADG+7 = <Chl5 NS><Ch15 EW>{Ch16 NS><Chl6 EW>
ﬁ SYADG+8 = (DIFF 1 ><DIFF 2 >XDIFF 3 ><DIFF & >
K SYADG+9 = <DIFF 5 ><DIFF 6 DCELF NS ><ELF EW >

Within each nibble, the bits are encoded as:

»
¥

FEXX - Statistics calculated for unsigned input
1 XXX - Statistics calculated for signed input
XaRX - Don't ignore input
X1XX - lgnore input (NF inputs only) !
X0 - A/D gain 1 !
XXJ1 - A/D gain 2 !
XX19 - A/D gatin 4
XX11 - A/D gatn 8

"

X A/D converter noise filter/differential input zero offsets SYADZ and

b following:

(

h‘ s These 38 words contan the signed 2ero offset sample values that

[}

o are subtracted from each NF/DIFF input sample during data
correction before the NF/DIFF data are processed. The 32 notse

% filter channel words are saved during noise filter calibrations

. and represent the zero-signal noise filter output voltages. They

should be small numbers (-1J to +iJ or so). The differential
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. fnput 2ero offsets are not calculated (except in particular
;é : system implementations) and these 6 words should be all 2.

The zero offsets are a copy of the A/D converter data table words
4 AZOIN through AZDF6, as follows:

SYADZ+@ = AZZIN ~ NF Chl NS zero offset
SYADZ+1 = AZOLlE -~ NF Chl EW zero offset
< SYADZ+2 = AZZ2N - NF Ch2 NS zero offset
SYADZ+31 = AZI16E - NF Chl6 EW zero offset
SYADZ+32 = AZDF1 - Differential input 1 zero offset

SYADZ+37 = AZDF6 - Differential input 6 zero offset

Mag tape flag words copy SYMFL and following:

These 8 words contain a copy of the flags (MSTF@-MSTF7) for tape
units MT@-MT7, meaning as follows:

MFSYS = 82 -~ This unit {s defined in the system
MFDRC = B - Record data on this unit

MFDEN = B2 = Data are high denstity (PE)

MFONL = B3 - This unit is on-line

MFLOD = B4 - Reload this unit

MFERC = 3777815 - Data error count for this unit

(9-3777 octal)

MFERC 1s incremented when a data late, bad tape, parity,

- corrected, or odd character error occurs. A large data error
count signifies a Tow-quality tape or the .need for tape head
cleaning, MFERC {s reset when a new tape is loaded.

Most Noise Survey systems will have only one digital tape unit,
MT2, and the flag words for the other units will be 3.

Mag Tape transport status words copy SYMST and following:

These 8 words contain a copy of the transport status words
(MSTSO-MSTS7) for Tape units MTO-MT7, meaning as follows:

MSERR = BO - Error
» B1+B3+B5+B6+B7+B8+B12+(B11&/B4)+B12+B14
MSDTL = B - Data late
MSREW = B2 - Rewinding
MSILL = B3 - Illegal command
MSPE = 84 - PE/NRZI
MSPER = 8BS - Hard (parity) error
MSEOT = B6 - End of tape
MSEOF = B7 - End of file
MSBOT = B8 - Load point
MSONL = B9 - On-line
MSBTP = Bl@ - Bad tape
MSID = Bl1l - PE only - {dent burst
MSCER = Bl12 - PE only - corrected error
MSWLK = 813 - Write lock
MSODC = Bl4 - 0dd char
MSRDY = B1S - Ready

Transport status words for undefined units will be 9. See NMTAD
for further details of the meanings of the various bits.

. See Section 3.12 for a description of the various error word bits in
the system error words SYERZ-SYER2.
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3.11 System Status Data - Coupler Data

The coupler data table copy in the system status data record (words SYCPL

and following) are particularly important in monitoring the operatton of
the system, and are described in some detail in this section. These
tables l1ist, for each word, the mnemonics for the various bits (strictly,
for the bits of these words in the coupler data table), the bit
positions, and their meanings.

VLF Receiver In (SYCPL+@ = CPLIl copy):
BZ-B5 ~ not used, always 9
VM220 = B6
VM10D - 87

VMES5D = B8
VMF IL = B9

Mixer gain 22 dB
Mixer gain 18 dB
Mixer gain 5 dB
Mixer filters in circuit

The mixer gain bits encode the VLF receiver mixer gain in
steps of 5 dB from & to 35 dB. This is the gain used in
the analog recording system. VMFIL is 1 if the mixer
filters (in the line receiver) are in the circuitt.

VG290 = Blg - Noise gain 28 dB
VG10D s Bl1 - Noise gain 19 dB
VGLOC = B12 - Noise gain in local mode

These bits encode the noise gain (the gain used before
output to the noise filter unit) {n steps of 190 dB from
g to 39 dB. This {nformation {s important when reading
NF records to determine the absolute level of any
received signals in noise filter channels 7-16. I[If VGLOC
= 1, the gain {s the result of a manual setting of the
1ine receiver front-panel switches. Otherwise, the gain
is that selected by the system.

VGFIL = B13 - Noise filters in circuit

This bit, 1f set, indtcates that the internal line
receiver filters are in the circuit. These filters are
used to attenuate certain frequency bands to help
eliminate interference of various kinds, and will be
different at different installations.

vcLoc = Bl4 - Cal in local mode
This bit indicates whether or not any of the manual
calibration switches on the line receiver are on. They
should be off for normal operation.

VPWR = B15 - VLF receiver power on

ELF Receiver In (SYCPL+1 = CPLI2 copy}:
BA-89 - not used, always &

EG20D = Bl12 -~ Gain 22 dB
EG12D = Bl1l - Gain 12 dB
EGLOC = B12 - Gain in local mode

These bits encode the gain used before output to the A/D
converter (for BB ELF sampling) and the notse filter unit
fn steps of 10 dB from & to 39 dB. This information is
important when reading NF and broad-band ELF records to
determine the absolute level of any received signals in
noise filter channels 1-6 and 'n the BB ELF data. 1If
EGLOC = t, the gain is the result of a manual setting of
the iine receiver front-panel switches., Otherwise, the
gain {s that selected by the system.

- M,




e adhiliadndb s atdlh

EFIL = B13 - Filters in circuit

This bit, 1f set, indicates that the internal line

. receiver filters are in the circuit. These filters may
be used to attenuate local power line interference. They
will be set to harmonics of the local power line
frequency (either 52 or 64 Hz.)

ECLOC = Bl4 - Cal in loca! mode
This bit indicates whether or not any of the manual
calibration switches on the line receiver are on. They
should be off for normal operation.

EPWR = B1S - ELF recetiver power on

Notse Filters In (SYCPL+2 = CPLI3 copy):
BJ-B13 - not used, always 9
FCLOC = Bl4 - Cal in local mode
If this bit is set, the noise filter front-panel cal
switch is tn local mode. This will prevent received
signals from being analyzed. This switch should normally
be off.

FPWR = BlS - Noise filter power on

Mixer In, First Word (SYCPL+3 = CPLI4 copy):

The mixer/monitor has four independent channels. In most systems
with only one analog tape recorder, only channels A and B will be
used. Most of the time recording will be of channel A only, on
one side of the tape in one direction and, later, on the other
side of the tape when the tape i3 reversed. If dual channel
recordings are being made, channels A and 8 will both be used.
Channels C and D are used only in multt-recorder {installations.
The various bits in the two mixer words are encoded similarly for
all four channels, Only the channel A bits are described.

MBSLZ = B2 - Channel B select bit 7

MBSL1 = Bl - Channel B select bit 1

MBAX1 = B2 - Channel B AUX 1 on

MBAX2 = B3 -~ Channel B AUX 2 on

MBWLC = B4 -~ Channel B WWV local mode

MBTLC = BS - Chann=1 B time mark local mode

MBMIC = B6 -~ Channel B microphone on

B?7 - not used, always &

MASLZ = B8 - Channel A select bit &

MASL1 = B9 - Channel A select bit 1
These two bits encode the input select switch for the
mixer/monitor channel A, as inputs | through 4 (normally
VLF NS, VLF EW, ELF NS, and ELF EW, respectively). Input
1 (VLF NS) 1s the usual choice.

MAAX1 = B9 - Channel A AUX 1 on

MAAX2 = Bl} - Channel A AUX 2 on

These two bits encode whether or not efther of the
auxilltary inputs AUX1 and AUX2 have been added to the
selected signal for recording on channel A. Normally no
auxilljary inputs are recorded.




= B12

- Channel A WWV local mode

. If this bit is |, the WWV break function for this channel
is not under program control. This bit should be &.

MATLC = B13 - Channel A time mark local mode .

If this bit is 1, the analog time mark 1s not included in
the channel A signal, This bit should be 4.

MAMIC = Bl4 -~ Channel A microphone on

This bit will be 1 when the operator is making a voice
annotation on channel A,

MPWR = B1S - Mixer/mon{tor power on
Mixer In, Second Word (SYCPL+4 = CPLIS copy):

MDSLZA = B9 - Channel D select bit 2
MDSL1 = B1 - Channel D select bit 1
MDAX1 = B2 - Channel D AUX 1| on
MDAX2 = B3 - Channel 0O AUX 2 on
MOWLC = B4 - Channel D WWV local mode
MDTCL = BS - Channel D time mark local mode
MDMIC = B6 - Channel D microphone on
B7 - not used, always @
MCSLY = B8 - Channel C select bit &
MCSL1 = B9 - Channel C select bit 1
MCAX1 = Bl19 - Channel C AUX 1 on N
MCAX2 s Bl1 - Channel C AUX 2 on
MCVLC = 812 - Channel C WWV local mode
MCTLC = 813 - Channel C time mark local mode .
MCMIC = Bl4 - Channel C microphone on
815 - not uysed, always &

Schedule In (SYCPL+S = CPLI6 copy):

These bits encode the various coupler front-panel switches that
determine the synoptic program functions.

BO - not used, always #
REC1!L = B1 - Recorder 1 locul mode
REC2L = B2 - Recorder 2 locs' mode

These bits are | 1f the respective analog deck switches
are in LOCAL or EXTernal node, and not in AUTO mode. 1If
not in auto mode, the system does not have control over
tape motion (recording anc stopping). They should be 9.

RFRST = B3 - First deck is recorder 2
This bit i1s @ or 1 as the first deck for automattc deck

transfer is deck 1 or deck 2. In single-deck systems
this bit should be 2.

= B4 - Recorder transfer time bit &
= BS - Recorder transfer time bit 1
= B6 - Recorder transfer time bit 2

The recorder transfer time bits are encoded as follows:

R - off

pa1 - 24 hours ¢
o9 - 12 hours

g1l - 8 hours

128 - 4 hours

In single~deck systems, any transfer time except off is
111egal and these bits should be 7 in that case.
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VSYNZ = B7 - VLF synoptic rate bit 9
VSYN1L = 88 - VLF synoptic rate bit 1 .
VZYN2 = B9 - VLF synoptic rate bit 2
ESYNG = Bl@ - ELF synoptic rate bit &
ESYNI = BI1 - ELF synoptic rate bit 1
ESYN2 = Bl12 - ELF synoptic rate bit 2

The VLF and ELF synoptic rate bits are encoded as:

299 - off

91 - 1/62

212 - 1/392

211 - 1718

129 - 1/5

191 - continuous
FSYNG = B13 - Noise filter sample time bit &
FSYNL- = Bl4g - Noise filter sample time bit 1
FSYN2 = B1S - Noise filter sample time bit 2

The noise filter sample time bits are encoded as follows:

289 - off
ap1 19 seconds/sample

g\a - § seconds/sample
11 - 2 seconds/sample
199 - 1 second/sample

121 - .5 second/sample
119 - #.2 second/sample

Miscellaneous In (SYCPL+6 = CPLI?7 copy):

BO-B3 ~ not used, always @&

PSWO = B4 - Program switch &
" PSWI = B5 - Program switch 1
PSW2 = B& - Program switch 2
PSW3 = B7 - Program switch 3

The program switch bits are 1 {f the associated front-
panel switch i1s on. These bits are used at start-up to
determine the BB ELF input used for BB ELF data records,
and the number of differential inputs included in NF/DIFF
data records as follows:
1. If the coupler power is off, the default words
CPSID and CPS2D are used for CPLS! and CPLS2 (see
NSTRT for detatls). This usually means the NS
fnput for BB ELF records, and no diff {nputs in
NF/DIFF records.

2. If the coupler power is on and PSWZ is up, the
bits CSENS and CSEEW in CPSID are complemented.
This means use the EW fnput in BB ELF records iIn
the standard system.

3. If the coupler power is on, PSW1, PSW2, and PSW3
determine the bits CSNO1-6 in CPLS2, and the
differential inputs recorded in noise filter/dIff
input records as follows:

PSW1-3 CSND1-6

230 default value {n CPS2D (usually none)
/a1 190999 ~ record DIFFL only

19 119988 - record OIFF1 and DIFF2

211 111099 - record DIFF1-DIFF3

129 1111908 - record CIFF1-DIFF4

121 111118 - record DIFF1-DIFFS

119 111111 - record DIFF1-DIFFS

111 209099 - don't record any diff inputs
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ﬁ B8-Bll - not used, always 9

si CPWR = 812 = Coupler power on

‘3 Note that {f the coupler power is off, all of the coupler ¢

ifnput words will be meaningless.

ALINH = B13 = Alarm tnhibit on

.. o
k]

This bit is 1 when the coupler alarm is inhibited. The
front-panel ALARM light will come on but the audible
alarm will not sound in this case.

g
-

TLOAD = Bl4 =~ Change tape button pressed
EREST = B15 - Reset errors button pressed

These bits are latched when the respective buttons are
pressed. However, they are cleared by the status check
task STSCK when detected, and will normally be 2.

P

Program Lights Qut (SYCPL+7 = CPLOZ copy):

Ehct
o BO-B2 - Coupler output buffer address, always 290
B3-87 - not used, always &
”t PLD = B8 - Program light &
n PLL = B89 -~ Program light 1
PL2 = Bl1O - Program light 2
b PL3 = B11 - Program light 3
o PLA = B12 - Program light 4 .
4 PLS = B13 - Program light 5
N PL6 = B14 - Program light 6
. PL?7 = B1S = Program light 7
f’ These bits turn on the 8 program lights on the coupler.
These lights are not usad by the system at present, but
\ may be turned on and off by the operator with an SCB if
.\ desired, say., as a reminder of some other function.
.
th
f: VLF Receiver Out (SYCPL+8 = CPLOl copy):
o B@-82 - Coupler output buffer address, always @71
" ‘B3-87 - not used, always &
LA
A VPINH = B8 - Pending gain inhibit
* VP29D = B9 - Pending gatn 20 dB
W VP1gD = B1# -~ Pending gain 10 d8
X
h? These three bits control the VLF receiver auto-gain
’ function. If VPINH is 1, automatic gain changes are
inhibited;s otherwise they are enabled. This bit will
i normally be #. VP29D and VP12D specify the pending gain
o in increments of 1J dB8 from & to 39 d8. They are set at
sé‘ XX:X9:80 by the st-tistics recording task, depending on
i average signal levels from the noise filter VLF channels
N during the previous 9 minutes, and (if not iInhibited) are
movad to the current gain bits one minute later at
XX:X9:00 minutes by the seconds programmer task PRGMR.
Note that the coupler does not respond to these bits on
% output. They are merely stored here for the convenience
w of the program. See Section 6.8 for the auto-gain )
188 algorithm,
.
% VR24D = B11 - Gain 29 dB
P VR19D = B12 - Gain 18 dB .
5 These bits encode the VLF recefver noise gain as set by
P the system. Unless the recefver gain is in local mode

] (bit VGLOC = |) these bits should also be returned In
N bits VG20D and VG1OD, the actual receiver gain.
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VCEXT = 813 - Turn external cal on
This bit is | when the external calibration circuit iIn
the line receiver ts to be activated. This function is
not implemented at this time and the bit should be 2.

vCCOoM = Bl4 - Turn comb cal on

This bit is | when a VLF preamp calibratfon ts in
progress.

‘; VCCEN = B1S - Enable comb generator

This bit is | when the 1ine receiver comb generator is on
to gersrate the comb signal for a VLF noise filter

W calibration.
v

"
ko ELF Receiver Out (SYCPL+9 = CPLO2 copy):
h -~

: The bits in the following word are used similarly to those in the

VLF receiver output word, except they control ELF recetiver

;r functions. Refer to the discussion above for their significance.
X
28 B#-82 - Coupler output buffer address, always 219

4 B3-B7 - not used, always 9
£ EPINH = B8 - Pending gain inhibit

o EP28D0 = BY - Pending gain 20 dB

: EP19D = 819 - Pending gain 19 d8

- ER24D = 811 - Gain 24 dB
i . ER12D = B12 - Gain 18 dB

o . ECEXT = B13 = Turn external cal on

- ECCOM = 814 - Turn comb cal on
L ECCEN = B1S - Enable comb generator
b’

3 Noise Filters Out (SYCPL+10 = CPLO3 copy):
)
) The following word controls the calibratton circuitry in the
iy noise filter unit. Note that these bits are only functional when
the noise filter is not 1n local mode (bit FCLOC = Z). The

¢ control bits for the ELF and VLF sections of the noise filter are
A similar, and only the ELF functions are described.

_ - B@~B2 -~ Coupler output buffer address, always J11
& B3 - not used, always 2

§ FESIN = 84 - ELF signal inhibit

‘1

'j ‘ This bit is on during an ELF noise filter calibration

04 ' sequence to switch off the input signals from the ELF

l1ine receiver. It will be # during normal operattion.

& FEC4Q = BS ~ ELF cal attenuation 492 dB
FEC29 = B6 - ELF cal attenuatton 24 dB
, FEC1Z = 87 - ELF cal attenuation 12 dB8

&

'&I These three bits encode the attenuation of the comb

\d signal from the line receiver before it {s applied to the
- ELF fi1lter banks, in 19 dB steps from & to 78 dB.

. FECNS = B8 - ELF cal to NS filters

) FECEW = B9 - ELF cal to EW filters

These two bits control which (if any) bank of filters the
n calibration signal is appiied to.
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FVSIN = Bl1J - VLF signal inhibit
FVC4g = Bl1l = VLF cal attenuation 49 dB
FvC2g@ = Bl12 = VLF cal attenuation 29 dB8
FvClg = B13 - VLF cal attenuation 19 dB
. FVCNS = Bl4 = VLF cal to NS filters
u? FVCEW = Bl§ = VLF cal to EW filters

- Mixer Out (SYCPL+11 = CPLO4 copy):

BO-B2 - Coupler output buffer address, always 190
i B3-B13 - not used, always 7 .

MWWV = Bl4 = Turn WWV break on

i This bit 1s turned on every five minutes for 8 seconds

h by the WWV break task WWVBK to record the output of the
A WWV receivar at the beginning of analog VLF synoptic
recordings. It will normally be | since system status

is recorded every 19 minutes near the end of a WWV break.

b
gz MTM = B15 - Turn tape time mark on

This bit {s set and cleared by the tape time mark tasks
to modulate the time mark pilot tone with station 1D,

£ day and time information, and time ticks. It will
normally be | since system status {is recorded during the
l1-second pulse on the minute.

-

Relay Controls Out (SYCPL+12 = CPLOS copy):

S' BP-B82 - Coupler output buffer address, always 191
B3-B7 - not used., always &

.. RLY1 = B8 - Relay 1 on

o RLY2 = B9 - Relay 2 on

AQ Thase two bits are | when the associated relays are on.

The function of the relay outputs depends on the
particular installation.

ALARM = B19 - Alarm on

IS

Tﬁis bit turns on the coupler alarm. It is usually 2.

- e

-
© AT

cT™ = B11 = Chart time mark relay on

This bit turns on the chart time mark relay. It is set
and cleared by the tasks CT1S and CT38S. It will
N normally be 1 since system status is recorded during the

N closure at the beginning of a minute.
4

;: RECIR = B12 - Recorder 1 record

) REC1S = B13 - Recorder 1 stop
J REC2R = Bl4 ~ Recorder 2 record

af REC2S = Bl15 - Recorder 2 stop

These four bits control the motion of the analog tape
‘O recorder(s), If the recorders are in auto mode, they
TN start and stop synoptic and special-schedule recordings.
Note that these relays are pulsed on for only | second at
the beginning and end of a recording, so they will
normally be 9.
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A
£, Digital Tape Status Out (SYCPL+13 = CPLO6 copy):
o .
) Bg-B2 -~ Coupler output buffer address, always 119
:ﬁ B3-B4 - not used, always §
) CTLOD = BS - Clear TLOAD latch
Y This bit is set briefly to clear the CHANGE TAPE button
. latch TLOAD when the button has been pressed. This bit
ﬁg is usually 4.
gf ' TLNEW = B6 - Load new tape light
This bit activates the NEW TAPE light. It {s set when a
. digital tape transport is off-line and needs to be
by reioaded.
‘ TOLOS = B7 - Data lost light
1
& This bit controls the DATA LOST light, and is set when an
4 error has prevented data from being stored tn the mag
tape buffer for writing to the tape (panic XRCDD).
Y TDERR = B8 - Error light
S
LY This bit controls the tape error l1ight and is on when a
! digital tape error (panic XMTAP) has occurred.
B
N TWLCK = B9 - Write lock light
iy This bit 1s on when the digital tape traniport has been
b loaded with a tape missing a write ring. Without a write
i ring installed, data cannot be written on that tape. It
. : should be 2.

TONLN = Blg = On-line 1light

This bit {s on when the digital tape is on-line. 1t
should normally be 1.

! TRDY = B1l - Ready 1light
’f This bit {s on when the digital tape is ready for a
%, command. It will be 1 unless a tape command {s in
progress.
¢ TCMDE = B12 - Command display enable
o, : TCMDE = B13 - Command display bit &
‘at TCMD1 = Bl4 - Command display bit 1}
g : TCMD2 = B15 - Command display bit 2
N These bits control the digital tape command display
R 1ights on the coupler. Commands are encoded as follows:
» XXX - lights off
B 1998 - READ
J : 1891 - REWIND
N 1919 ~ not used
* 1011 - SPACE FORWARD
= 1129 -~ SPACE REVERSE
N 1191 ~ WRITE
= 1112 - WRITE EOF
1111 - ERASE
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Other Indicators Out (SYCPL+14 = CPLO7 copy):

The error light bits in the following word control the error

~ 1ights on the coupler. These lights come on &3 errors are
detected and are turned off by pressing the RESET ERRORS button.
For error menitoring, the error words SYERG-SYERZ2 in the system
status data should be used (see Section 3.12 below).

Bg-B2 - Coupler output buffer address, always 111
CREST = B3 = Clear EREST latch

This bit is turned on momentarily to clear the RESET

gRRgRS latch EREST when 1t is detected. It will normally
e 4.

VRCRD = B4 = VLF recording light

This bit is 1 when a synoptic or spectal-schedule analog
VLF recording i{s taking place.

ERCRD = BS = ELF recording light

This bit {s | when a synoptic or special-schedule broad-
band ELF recording to the digital tape is taking place.

FRCRD = B6 -~ Notse filters recording 1light

This bit is | momentarily when notse filter/differenttal
input data are being written into the NF record buffer
for recording to the digital tape. The NF RECORDING
Tight should flash at a rate depending on the NF synoptic
sampling time. This bit may be # or 1 {n the system
status data depending on program timing.

ERVLF = 87 = VLF error light

This bit is one when a VLF receiver error has occurred
(panics XVLFP, XVLFG, XVLFC).

ERELF = B8 - ELF error light

This bit is on when an ELF receliver error has occurred
(panfcs XELFP, XELFG, XELFC, XBBDO).

ERFIL = B9 - Noise fi{lters error light

This bit is on when a noise filter error or associated
data error has occurred (panics XNFLP, XNFLC, XNFSO,
XNFDO, XNFPU).

ERMIX = 819 - Mixer error light

This bit s on when the mixer/monitor power {s off (panic
XMIXP),

ERREC = B11 -~ Analog tape deck error light

This bit is on when an analog deck error has occurred
(panics XDKFX, XDFTX, XDKI1L, XDK2L, XDK1X, XDK2X).

ERPRG = 812 - Program error light
This bit 1s on when various program errors have occurred,
not covered by the bits above (panics XGARB, XSYSF.
XUDVI, XCLKX, XCLKS., XCKLF, XCLKR, XCLKP, XADCP, XCPLP,
XNTLT, XTASK, XSKED, XSKEX, XSYCE, XUNKN).

PFAIL = B13 - Power fail light

This bit {s on after recovery from a system power failure
(panic XPWRF).




3.23
RSTRT = 814 - Program restart light

R ' This bit is one following a program restart (panics
) : XGARB, XSYSF, XPWRF, XRSTR, XUNKN).

MWAIT = B1§ - Message waiting light
This bit is on when any new (unlisted) panic has

%‘ . occurred. It is cleared when errors have been listed by
b the error listing task ERRLS.

VLF Recording Status (SVCPL+15 = CPLST copy):
CSVPD = BF - Present synoptic deck

4

) This bit {ndicates the analog deck (9 for deck 1!, 1 for
: deck 2) to be used for synoptic recording. It is set by
" task SYNOP according to the settings of the first deck

) switch and transfer time switch.

csSvX1 = 81 - Deck | in system

This is a system configuration bit, set during program
fnstallation. It indicates that analog deck | exists and
{s connected to the coupier. It is checked by various
system tasks for error detection. This bit will be 1 in
i) all systems with analog recorders.

g B2-83 - not used, always §

~ CSvIl = B4 - Inhibit synoptic deck 1
This bit 1s set by an SCB to inhibit all automatic
synoptic recording on deck 1, possibly to preserve the
tape for special=-schedule recordings. When set, CSVIl
keeps CSVS! clear.

Csvsl1 = B§ - VLF synoptic deck 1

o > X g

This bit 1s set by the synoptic task SYNOP, depending on
the synoptic rate switch, the transfer time switch, and
bit CSVPD, to record synoptic VLF data.

csvPl = B6 - VLF special-schedule deck 1

This bit is set by an SCB to record on deck 1 at special
operator-specified times.

CSVR1 = B7 - Deck 1 running

" b

This bit is the inclusive-OR of bits CSVS1l and CSVP1l, set
by task PSNAP.

B8 - not used, always §

, : The following bits pertain to deck 2, and function just like
those above.

csvxa = B9 - Deck 2 in system
B19-811 - not used, always &
CSvI2 = B12 - Inhibit synoptic deck 2
» csvs2 = 813 VLF synoptic deck 2
t J
-

g csvp2 Bl4 VLF special-schedule deck 2
. . CSVR2 B15 Deck 2 running
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Broad-band ELF Recording Status (SYCPL+16 = CPLS1 copy):

B3-B9 - not used, always J

= B19 - Record BB ELF NS
= Bl} - Record BB ELF EW

These two bits are used by the 8B ELF data recording task
BBORC to determine which broad-band signals to record on
the digital tape. Default operation is normally NS only,
but EW only or both may be specified by an SCB {if needed.
These bits are determined on start-up by the default
value CPS1D and the setting of program switch PSWZ.

= B12 - Inhtbit BB ELF synoptic

This bit is set by an SCB to inhibit all automatic
synoptic recording of BB ELF data. When set, CSEIN keeps
CSESY clear.

= B13 - BB ELF synoptic

This bit is set by the synoptic task SYNOP, depending on
the synoptic rate switch, to record synoptic ELF data.

= Bl4 - BB ELF special-schedule

This bit is set by an SCB to record 88 ELF at special
operator-specified times.

= B1S - BB ELF running
This bit is the inclusive-OR of bits CSESY and CSESP, on

whenever BB ELF data are being sampled and recorded. It
is set be PSNAP.
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CSND1
CSND2
CSND3
CSND4
CSNDS
CSND6

CSNIN

CSNSY

CSNSP

Noise Filter Recording Status (SYCPL+17 = CPLS2 copy):

a Bg ~ Record DIFF1
= B1 - Record DIFF2
= B2 - Record DIFF3
= B3 - Record DIFF4
= B4 - Record DIFFS
= BS - Record DIFF6

These bits are used by the noise filter data processing
task NFDPR to determine which differential input signals
(1f any) to record on the digital tape along with noise
filter data. Default operation is normally noise filter
data only (all bits &), but any of the above can be
selected by an SCB {f desired. These bits are determined
on start-up by the default value CPS20 and the settings
of program switches PSW1-PSW3.

= B6 - Inhibit NF synoptic

This bit is set by an SCB to inhibit all automatic
synoptic recording of noise filter and diff input data.

= B7 - NF synoptic

This bit {s generated by PSNAP and {s just the complement
of bitt CSNIN.

= B8 - NF spectal-schedule

This bit 1s set by an SCB to record noise filter data at
operator-specified times and rates.




g en

CSNRN

CSNSZ
CSNS1
CSHnSs2
CShP4
CSHP1
CSHP2

= B9 = NF running

This bit is set by PSNAP when CSNSY 1s 1 and the NF
synoptic rate is non-zero (not "OFF"), or wnen CSNSP is 1
and the NF spacial-schedule rate i1s non-zero. That is,
it is on whenever noise filter data are being recorded.
It will normally be 1.

= B19 - NF 3ynoptic rate bit 7 (FSYND)
= B11 = NF synoptic rate bit 1 (FSYNI1)
= B12 = NF synoptic rate bit 2 (FSYN2)
= B13 - Nf special-schedule rate bit &
= 514 - NF special-schedule rate bit 1
= B1S - NF special-schedule rate bit 2

Rate bits (CSNSI-CSNS2 and CSNPO-CSIP2) encode the sample
time thus:

908 - off (no recording)

291 - 17 seconds/sample

g18 - 5 seconds/sample

11 - 2 seconds/sample

192 - 1 second/szample

121 - 9.5 second/sample

119 - 3.2 second/sampie

111 - g.1 second/sample (CSHPI-CSNP2 only)

If both synoptic (CSNSY) [ie CSNIN = 21 and special-
schedule (CSN3P) bits are set, data are recorced at the
higher of the two rates specified.

Statistics Recording Status (SYCPL+138 = CPLS3 copy?:

CSSVX

CSSEX

cssva
CSSEQ

AR
N el Sy

= BY - Don't generate VLF statistics

This bit 1s set by NFDCR as the inclusive-OR of bits
CSSVR, CSSVF, CSSVP, and CSSVN. [t iIndicates that a VLF
calibration tone is being applied 2ither at the VLF
receiver or in the VLF channels of the noise filtar, or
that the v1f receiver or noise filter power is off or in
local cal mode. CSSVX set causes NFDPR to ignore {inputs
from noise filter channels 7-16 (VLF channels) when
calculating statistics data. When calibrations are done
or normal hardwar= status is restored, NFDCR will hoid
CSSVX on for 1 additional second to allow time for the
transient to die away.

= B1 - Don't generate ELF statistics

This bit is set as the inclusive-OR of bits CSSER, CSSEF,
CSSEP, and CSSEN. It is used 1ike CSSVX above to ignore
inputs from noise filter channels 1-6 (ELF channels) when
generating statistics data. When calibrations are done
or normal hardware status is restored, NFDCR will hold
CSSEX on for 18 additicnal seconds to allow time for the
transient to die away.

B82-B5 - not used, always &

= B6 - Abort VLF noise filter calibration
= 37 - Abort ELF noisa filter calibration

These bits are set by HFDCR wheneaver the noise filter
unit power i3 off or tha cal switch is 1n local mode.
(However, they are not cleared by NFDOCR when 3tatus is
ok.) A bit set will cause the noise Filter calibration
task VHCAL or ENCAL to abort. This is dona so as not to
save A/D converter zero offsats when the noise Tilter
unit i3 not under program control, VNCAL/EINCAL will
reaset the respaective bit at the start of a calibration
(if status 18 ok) and check it pariodically thereatvtor.

._%!.9 -‘t'




e
it 8 M

o

o
A

247

2l

-

STl

o

- 4 2
LAALIS

IRIREES ]
- z

3.26

CSSVR = B8 = VLF receiver off or in local cal mode
CSSER = 3) = ELF receiver off or in local cal mode

These bits are set by NFDCR whenever the respective line
receiver power is off or a cal switch is in local mode to
inhibit stattstics generation.

CSSVF = Blg = VLF noise filter off or in local cal mode
CSSEF = Bll - ELF noise filter off or in local cal mode

These bits are set (together) by NFDCR whenever the noise
filter unit power is off or the cal switch is in local
mode to inhibit VLF/ELF statistics generation.

CSSvp = B12 - VLF preamp cal in progress
CSSEP = B13 - ELF preamp cal tn progress

These bits are set by the preamp calibration tasks VPCAL
and EPCAL to inhi»tt the respective statistics while a
cal tone is applied to the preamp.

CSSVN = Bl4 - VLF noise filter cal in progress
CSSEN = Bl15 - ELF noise filter cal in progress

These bits are set by the notse ftliter calibration tasks

VNCAL and ENCAL to inhibit stattstics generation when the
respective calibration sequence is in progress.
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3.12 System Status Data - Error Words

The system error words SYERS, SYERl, and SYERZ in the system sta2tus data
contain a bit for every possiblie panic. The bit will be set if Lthe
corresponding panic has occurred during the status reporting intervatl,
that ts, during the previcus 17 minutes. These bits are cleared every 19
minutes atter the status record is writtan, and allowed to accumulate new
errors during the next interval. Note that the errors reported here may
not correspond exactly to the error lights in coupler word CPLO7 and its
copy in the status data, since those bits will stay set until cleared
when the operator presses the RESZT ERRORS button on the coupler.

The following tables give, for each word, the bit number, the associated
panic mnemonic and title, and a description of the conditions wnich can
cause the error:

SYERZ, System Status Error Word #:
82 XGARB - Garbags panic - FATAL

A garbage panic is triggered by trying to execute memory
locatfon & as an {nstruction. Except during interrupt
handling, location & contains a trap for this purpose.
Location & is executed by a JMP & instruction, whose code
1s 099999 (octal), that is, a null word. A garbage panic
thus indicates that the program has tried to execute a
null word as an instruction. This is a serious error and
shows a bug in the stored program. The garbage panic is
a fatal panic, meaning that the system will reinitifalize
RAM mamory and restart (al3o causing panic XRSTR).

e1 XSYSF - System failure - FATAL

The system fatlure panic means that {nconsistent system
data has been found somewhare in th® srogram. For
example. the task raturn call .SYSTM/.RTH causas the
systam to 32arch through the pending task chain to find
the task control block belonging to the calling task. If
the TC3 13 not found a systam fail panic 1s gansrated,
since the TC3 chain has been damagad in some way. This
panic 13 fatal and will cause a system restart.




B2 XUDVI - Undefined device interrupt

The undefined device interrupt panic is detected by the
external device interrupt service routine INTSV when it
is unable to identify the device requesting service.
This may be a3 sign of noise on the interrupt bus., but it
can also occur when some external devices (such as the
A/D converter chassis) are first turned on. Repeated
errors of this kind indicate a hardware failure.

83 XPWRF - Power fail

The power fail panic is detected when the system is first
turned on, or when it comes back on after a power
failure. The clock controller card has a latch that

g$1 senses power fail status and s tested at restart.

:‘i B4 XRSTR - Program restart

§§;: This panic is generated by the system initialization and
&f‘ start-up routine NSTRT during an inittal start-up, during

a2 restart from a power failure, and during an error
restart following a fatal panitc.

ag;\ 85 XCLKX - Clock stopped

1]

s!J‘ This panic is generated by the internal real-time clock
g?“\ when 1t times out, and means that no external clock

.g&z pulses have occurred for at least 49 ms. This most

likely happened because the operator pressed the STOP
button on the clock in preparation for setting it.

QW System operation is disrupted when the external clock is
N stopped and data sampling and digitizing ts halted.

ﬂ@ . .
i 4 B6 XCLKS - Clock manual time set
15
P
Wi . This panic records the fact that the SET ENABLE switch on
et the clock 1s on, allowing the operator to stop, advance,
. and retard the clock, and to change individual digits in
oy the day and time. This switch {s normally left off to
9: prevent altering the time accidently.
i:% 87 XCLKF =~ Clock external standard faill
.:,,-::3.‘ This panic {s generated when the external frequency
e : standard connected to the clock is turned off, or runs
‘ ‘out of battery power during an extended power failure.
h&% When this happens the clock switches to its internal
:;h: oscillator and keeps running, though with reduced long-
ﬁﬁ& , term accuracy. The operator must manually reset the
3 ’ standard fail logic in the clock by pressing the clock
1', CLEAR button to use the external standard again.
Niy¥
ad 88 XCLKR - Clock read error
{77 A clock read error indicates that the system has failed
) to respond to at least one tick from the clack. This
Ty error may occur during system start-up, but it should not
;5& occur during normal operation.
Frid)
3:! 89 XCLKP - Clock phase error
ot .
— A clock phase error indicates that the previous interval

between new second pulses from the clock did not contain
3 exactly 1028 l-millisecond ticks. This error will occur
A on start-up, as the system synchronizes itself to the
A\ clock, and 1t will also occur after the clock has been
1 stopped for setting purposes and then restarted.

—— 819 XADCP - A/D converter power off

This panic is trapped by the status check task STSCK when
the A/D chassis power is off. This condition will also
cause a noise filter sampling start overrun panic XNFSO.
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% 811 XCPLP - Coupler power off

Wl .

gh‘ . This panic is trapped by STSCK when the coupler is turned

ﬁ, ~ off. When this occurs, coupler input data are invalid.

S

BN B12 XVLFP - VLF receiver power off .
813 XVLFG - VLF receiver gain local mode

- B14 XVLFC - VLF receiver cal local mode

! i These three panics are trapped by STSCK. Receiver power -

A% off means that no signals are available for processing

"j and recording. Gain {n local mode means that the line

o . receiver noise gain switch is in one of the manual

-8 positions and the system does not have control over the

gain (though the gain is known from the coupler finput
data). Calibratfon in local mode means that one or more
of the line receiver calibrattfon switches are not in
their normal position. The system may or may not be able
to make preamp or noise filter calibrations. No VLF
statistics will be collected if the VLF recaiver power ts
off or the unit is in local cal mode.

B1S XELFP = ELF recefver power off

by

I SYER1, System Status Error Word 1:

< 8 XELFG - ELF recefver gain local mode

S 81 XELFC - ELF receiver cal local mode

. The preceeding three panics are similar to those for the
Pl VLF receiver described above. ]
B .
N 82 XNFLP - Noise filter power off

A B3 XNFLC - Noise filter cal local mode

“ -_I . .
ﬁ” These two panics are trapped by STSCK. Power off means

that the noise filiter data are invalid. Cal in local

2ol mode means that the front-panel -alibration switch is not
‘Q in its normal position - signal data are itnhibited and

-, the calibrator attenuation in use is unknown. No noise

- filter statistics data are collected in either of these

o two conditions. Turning the power off or switching the
k:i cal to local mode will also abort a noise filter

W calibration sequence already In progress.
,J 84 XMIXP - Mixer/monitor power off
sx: This panic is trapped by STSCK. The mixer/monitor power
A ts off and analog recordings cannot be made. Note that
‘\ no other mixer/monitor status bits are checked by the
?5 system ({e, which input is being recorded or whether or
A not the time mark signal {s added to the analog record).
! 85 XDKFX - I1legal first deck
oA 86 XOFTX - Illegal transfer time

These panics are generated by STSCK {n systems that do
not have two analog recorders (that is, in the usual

U
r,l..iJ

L\, system). An 1llegal first deck means that the coupler
AW FIRST DECK switch specifies an analog deck not defined in
the system. Unless two analog decks are defined. any
rv) TRANSFER TIME switch setting other than OFF generates an
}}; fllegal transfer time panic.
2“ 87 XOK1L -~ Analog deck 1 not auto mode !
e 88 XDK2L - Analog deck 2 not auto mode

" These two pantcs are trapped by STSCK only for decks that

are defined in the system, and mean that the system does

oy not have control over analog tape recording because the
Y coupler deck control switch for the respective recorder
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BS XDK1X -~ Analog deck 1 not in system
B19 XDK2X - Analocg deck 2 not in system

»
s A

.

L
v

i B3

.
(Y

These two panics are trapped by the analog recorder
control tasks TDKIR, TDK1S, TDK2R, and TDK2S, when trying
to start or stop an analog deck not defined in the
system. The record or stop relays are activated as
specified, but the panic signals that an attempt was made
to control a non-existent tape deck.

Bl1 XMTAP - Digital mag tape error

This panic 1s generated by the digital tape tasks DATRC,
NTLOD, and NTFIL when a digital tape error occurs. The
system status data does not record the type of error
(though it is saved in the vartable trap data for
examination by the operator). Typical errors are caused
by the tape unit being off-line, a missing write ring. or
an unrecoverable data error due to dirty or low-quality

o

tape. §g~

P

B12 XRCOD - Error recording digital data N
This error occurs when a task is unable to write data ?{ﬁ

itnto t“he mag tape buffer via a .SYSTM/.RCDD call. This S

usually happens because the puffer s full and has not Y

been dumped to the tape, perhaps because the tape s off-
line or because of multiple tape data errors.

c
v
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B13 XNTLT - No task lead time -
The no task lead time panic {s generated by the task -
monitor TKMON when, at the start of a new frame, the ,.:;
monitor finds that a prtortty &, {, or 2 task i{s stil! .::i
executing. These tasks must finish in the frame in which E:f
they are started for normal operation. A XNTLT panic
means that there may be some temporary loss {n program :;f;
task synchronization. This error is usually caused by ‘T.?
stopping and restarting the clock, though clock hardware A
problems may also cause it by making frames occur too .
quickly. It may occasionally occur when excessive S
processor time 1s used correcting digital tape data %Eﬁ
errors.

B14 XTASK - Error when creating TCB for task ne
This panic is trapped by various tasks when they are Sy
unable to pend some new task over which they have .:f
control, usually because that task is already running. RS
This error usually occurs when the seconds programmer ey
PRGMR tries to pend a task already running, such as a e
noise filter calibratton task when the system i{s started Lge
up Just before the beginning of an hour, or occastonally LS
when the clock time s changed. (Since NF cal tasks are S
run both on system start-up and on the hour, one pended N
on start-up may not have finished before the hour s up.) Qit

N\'

815 XSKED - Error when creating SCB =a
This panic is not used at present, since no tasks except L.
the console schedule command task SCCMD create SCB's, and Y
that task handles errors by alerting the operator R
directly., ;ul

fn
1':‘\5
L)

35 h it “‘v}.‘l".ﬂ'..“\.}.7’-7'\-"h‘n‘ _‘
S R



AD-A164 148 AN AUTOMATIC SYSTEM FOR GLOBAL MONITORING OF ELF AND 272
VLF RADIO NOISE PHEN (U) STANFORD UNIV CR SPRCE
TELECOMMUNICATIONS AND RRDIOSCIENCE LA

UNCLASSIFIED JUN 85 E450-1 N88@14-81-K-0382 1?/2 1

Funen
ome




22

jiopu
=I§§ m
il

L

B
5

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A
]

o




3.39
SYER2, System Status Error Word 2:

-

v g
Py

d . BO XSKEX - Error when executing SCB
AS‘ This panic is trapped by PRGMR when an 1llegal action is «
o detected tn an SCB to be executed. Thtis usually occurs
when trying to pend an alarm or calibration task which is
) already running.
;N - r
N B1 XNFSO - Noise filter sampling start overrun
)
\}
§ This panic is generated by the snap programmer PSNAP when
ii it initiates noise filter and differential tnput data

o sampling and finds that the corrected data table start
count 1s greater than the block count. This means that
data are not being samplied and corrected by the data

£ correction task NFOCR. This error usually means that the
e A/D converter is not working. Either it is off or the

B 3 kHz synec pulse it needs from the clock s missing. If
& this error occurs, PSNAP calls the A/D converter reset

g{ routine RTPRS to try to resynchronize the conversion

24 process.

. 82 XNFDO - Noise filter data overflow

)
i This panic is trapped by the data correction task NFDCR
D
Y when it finds that a new set of NF/DIFF samples has been
4‘ started before it has had ttme to correct the previous

L2 set. Some of the samples will be lost.

i

’ 83 XNFPU - Noise filter data processing underrun

% This panic is trapped by NFDCR when the corrected data »
Y buffer overflows because the data processing task NFDPR
b has been unable to process it fast enough. Some noise

gi filter and differential data are lost. .
e B4 XBBDO - BB ELF data overflow

. This error is trapped by the broad-band ELF data

2 recording task BBDRC when the broad-band ELF buffers

overflow because data are not being written out to the
tape buffer as fast as they are coming in. Some data are

] lost.
K -1 XSYCE - System call error
v I This panic is trapped at various places in the program to
ﬁ? report an error return of unspecified kind from a system
B call. The most common occurrence will be trapped in
o STSCK due to a digital tape timecut error when the system
;il i{s trying to correct tape data errors and denfes tape
v access to STSCK. This error is not very important.
l‘;?’_ :

86 XUNKN - Unknown panic - FATAL
Eg This panic occurs when a call {s made to the trap handler
s with an unknown panic¢c code. This is a sarious error and
f. may indicate a sevare hardware problem or the erasure of
L some of the program tn EPROM. This panic {s fatal, and
.{ causes the system to try to restart {(tself.
h 87-B1S - not used, always &
"-::‘ 1 22222 AR XXX RR 22222222022 2322222222222 212312 X 22X T2 3}
0 .
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3.13 Operator Message Logs

‘Operator message logs are text strings that the operator has typed into
the system on the terminal and caused to be recorded on digital tape.
The format of an operator message log is as follows:

[ - Message log data code
<block count> - total number of words in this record
{time word 2> - time of message recording
{time word 1>
{time word 2>
{text
..l)

The text ts composed of ASCI! characters, two characters per word, packed
left-right (that {s, in serial order in the tape record). Each line in
the text contains at most 80 characters and {s terminated by a carriage-
return and a line-feed (82 bytes max total per line). The record
contains at most 2! lines of text (1722 characters). The end of the
message is terminated by a null byte.

AR RN AN RN AN TR RARN AR A AR R RN A AN R T AN AN ANN RN AN NARNEANRNANANRRSIARNRNRANCNR

3.14 Analtog Tape Use Versus VLF Synoptic Rate

A 19-1/2 inch reel of tape contains 3600 feet of analog tape. At 7.5 ips
the tape can record 96 minutes of data on each side (ie, edge), assuming
only one channel is being recorded. (If two channels are being recorded
with half-track heads, the full width of the tape is used and it can be
recorded in one direction only.) At 3.75 ips the tape can hold twice as
much, or 192 minutes per side. The following table l1ists the number of
days of single-channel recording that can be made on one side of a tape
versus the VLF synoptic rate and the tape speed.

Tape Use in Days/Side -~ Single-Channal Recarding
Rate 1768 1/3% 1718 1/8

Speed |
l

7.5 | 4.9 2.8 1.9 #.33 (8 hours)
I

3.75 | 8.0 4.9 2.9 #.67 (16 hours)

This table can be used to determine the intervals between tape changes.
Note that when one side of a tape is finished, the operator must manually
swap the reels to record on the other side. Tape consumption can be
estimated by noting that a tape for single-channel recording has two
sides, and 30 a new tape will need to be mounted avery second interval.

BERAI NN AN AR TN REANANAIARNRAARRNRAANRAN AN AN ANRRRNANRNANRNANRARARNNNNAN RN R Y

3.18 Dtgital Tape Use Versus Recording Rates

The following discussion should enable investigators to estimate the
recording time per tape and the tape consumption for the digital tape
recorder. This discussion assumes that data are recorded in high density
(1698 bpt PE). At low density (899 bpt NRZI) tape consumption will be
twice that given below, and tapes will only last half as long.

The calculation of tape consumption involves several factors:

1. At high density, each 18-~inch reel of tape (2490 feet) can
hold about 4900 records, each containing 4996 16-bit words.

2. Every minute, an NF/DIFF statistics data record is written to
the tape, which requires 36 words.

\,Rn i_-,-'
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3. Every 10 minutes, a system status record is written to the
tape, requiring 92 words.

g e ao b i

> 4. NF/DIFF data is sampled at a rate depending on the sampling .
time (18, 5, 2, 1, 9.5, 9.2, or 9.1 seconds/sample). The number
of inputs recorded in sach sample set ranges from 16 if no
differential inputs are tncluded, to 22 tf all 6 differential
inputs are usaed. The size of an NF/DIFF data record, and the
number of sample sets it contains, also depends on the number of
diff inputs used. The following table gives the number of sample
sets per record, the size of the data record, and the number of
data records per tape record (plus the amount of blank space left
at the end) for the different possible numbers of differential
inputs recorded:

e e I e

i Number of Sets/Record Data Record Size Data R's/Tape R
I\ Diff's (+ Unused VWords)
[
' 2 18 247 words 16 (+144)
1 14 245 16 (+176)
2 13 241 16 (+242)
3 12 235 17 (+191)
E: 4 12 247 16 (+144)
¢ S 11 238 17 (+59)
N 6 1 227 18 (+19)
y
¥

S. Broad-band ELF records each contain 595 words, representing
one-half second of data. For each BB ELF input (NS or EW) being
recorded, one tape record is generated every 4 seconds. The

total amount of BB ELF data recorded depends on the ELF synoptic

E; rate (1, 2, 4, or 12 minutes per hour) and the number of inputs

y recorded (1 or 2).

{.

4 6. The size of message log data records varies depending on the

3 amount of text the operator wishes to write. However, unless we .

find some very prolific authors, message logs will have only an
insignifticant effect on tape consumption.

7. Tre effictiency of recording, that is, the ratio of space in
tape records used for data compared to that left as zeros at the
and of each record, depends on how well these different-sized
data records can be packed into a tape record. Note that tape
records are fixed in size, all 4996 words long. If we were only
recording NF/DIFF data records with 16 NF magnitudes and no DIFF
tnputs, each data record would be 247 words long, and we could
pack 16 data records in each tape record. But there would be 144
words left at the end of the tape record which would be filled
with 2eros and would represent wasted space. However, some of
the time this extra space could be used for an NF/DIFF statistics
or a system status record, with an increase in efficiency.

RN % o A

L3,

R

Based on the considerations outlined above, we can make some estimates of
the tape used for different recording schedules. The following tables
give consumption in tapes per day for the various types of data records.
Note that the figures in these tables are not exact, since the packtng

) efficiency is a non-linear function of the various possible schedules,

p but the errors will be only a few percent.

¥

o
o

' 1. NF/DIFF statistics data and system status recordings require
- 8.8075 tapes/day.

" 2. NF/DIFF data recording consumes tape as shown below in tapes/day
i depending on the number of differential inputs recorded and the

¢
4
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iy 3.33
'4.
F? sampling time:
3; Sampling Time (seconds/sample)
4 . 10 s 2 1 g.5 7.2 g.1
- Nr of
Diff's

I

I .98735 D147 9367 .9735 .147 .367 .735
1 I .90787 9157 8396 .3787 187 «396 .787
2 | .90848 179 0424 .0848 178 .424 .848
3 | .90864 4173 .0432 .0864 .173 .432 .864
4 | .99918 184 <4459 .2918 .184 -458 .918
S : 98943 .2189 0471 .3943 .189 471 .943

6 .AB988  .@196 P49  .p988 .196 498 .989
5 3. Each BB ELF input recorded (NS or EW) consumes tape as shown below
My in tapes/day versus the synoptic rate:
! Synoptic Rate 1/68  1/38  1/1§ 1/  Continuous
¢
t

.B738% 147 .294 .882 4.41

From these tables we can calculate the length of time between tape

ﬁ changes as 1/(sum of consumptions). For example, when recording NF/DIFF
W data with no differential {nputs and a sampling time of 1 second/sample,
K plus the BB ELF NS input with a synoptic rate of 1/3¢, the consumption
¥ is:
v g.9875 - statistics and system status
+ @.0735 =~ NF/DIFF data
& + 9.147 - BB ELF
Y #.2288 - Total consumption, tapes/day
)
f so each tape will last 1/9.22890 = 4.39 days, approximately.
LK
4 The following tables 1{st recording time per digital tape from some
common recording schedules.
\‘i
M
ﬁ : Tape Use in Days/Tape - 1 BB ELF Input, NF/DIFF at 2 Seconds/Sample
,i
’t BB ELF Synoptic Time of f 1769 1739 1718 1/5
13
! Nr of Diff Inputs |
. i
iy .4 | 22.6 8.59 5.23 2.96 1.98
) 1 | 21.2 8.29 5.18 2.93 1.98
5 2 i 2¢.8 8.18 5.48 2.91 1.97
9 3 1 19.7 8.35 5.96 2.99 1.97
W 4 ! 18.7 7.88 4.99 2.88 1.87
¥ -] [ 18.3 7.81 4,96 2.87 1.87
2 6 I 17.7 7.69 4.91 2.85 1.87

(tables continued overleaf --))
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3.34
Tape Use in Days/Tape - 1 BB ELF Input, NF/DIFF at 1 Second/Sample
1f'a_:i N BB ELF Synoptic Time of f 1768 1738 1715 1/5. .
Nr of DiIff Inputs |
. I
,;_*ﬁ g | 12.3 6.47 4.39 2.67 1.94
o 1 | 11.6 6.26 4.29 2.63 1.03
A 2 I 18.8 6.93 4.18 2.59 1.93
y 3 | 19.6 §.97 4.15 2.58 1.92
‘%‘i. 4 i 12.1 5.79 4.06 2.54 1.92
e 5 t  9.82 5.79 4.82 2.53 1.82
6 | 9.48 $.59 3.96 2.59 1.91
;;5‘!'
P
v{;‘ Tape Use in Days/Tape - 1 BB ELF Input, NF/DIFF at #.5 Second/Sample
L3
& BB ELF Synoptic Time off 1/68 1739 1/1% 1/8
Nr of Diff Inputs |
1
g i 6.47 4.39 3.32 2.23 .96
:;J 1 | 6.8 4.29 3.21 2.18 g.96
‘i’: 2 ! 5.63 3.98 3.08 2.12 g.94
3 3 | 5.54 3.94 3.95 2.11 g.94
£ 3 |  5.22 3.77 2.9  2.06  9.93
‘}‘5 5 | 5.99 3.78 2.91 2.04 .93
A 6 l 4.91 3.61 2.85 2.91 .92
)
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Appendix B. Data Processing Examples

. This appendix contains several subroutines written in C for the STAR lab
& VAX/VMS computer to read data from digital tapes. The subroutines getuword
i‘ ; and getsword can be incorporated into any program to extract data from the tapes.
It is important that the correct subroutine be used for reading any particular data
¥ word, since the tapes contain a mixture of signed and unsigned integers. getuword
, will interpret the incoming 16-bit word as an unsigned integer when converting it
1.j', to a 32-bit integer for the VAX, while getsword will interpret the incoming word as
f, a signed 16-bit integer. The only way to tell the difference while reading the tapes
v is to keep track of the current block type and word count.
x
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/* TAPEREAD.C

This program contains subroutines to read data tapes
written by the ELF/VLF Radiometer system in
Data General format.

The main program scans the tape, reading the data code
and block length from each data block, and printing them
on the terminal. If a block with data code 6 (Operator
Messages) is found, the entire block is read and
displayed on the terminal.

After the tape is mounted on the tape drive,
issue the commands:

$ all mfaO:
$ mount/block=8192/record=8192/foreign mfaO:

This will allocate the tape drive to your process., then
inform the computer that the tape is organized in 8 Kbyte
blocks, and that it is not ANSI-labelled.

Bruce Fortnam, November '84 ‘ */
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#include stdio . .
/* Data code definitions: */

! #define DKEOB O /* Data code O means end of tape block */
f #define DKNED 1 * Noise filter/diff input data */
: #define DKNES 2 * Noise filter/diff input statistics */

#define DKELN 3 /* Broadband ELF NS data */
. #define DKELE 4 * Broadband ELF EW data */
B #define DKSTS S /* System status data */
¢ #define DKLOG 6 /* Message log data */

main ()

FILE *tapefile;
int blocknum, timecode, i;
. unsigned short dcode, count, daynum, getuword():

if ((tapefile = fopen("MFAO:", "r")) == NULL)
error ("Unable to open MFAO: for input"):;
else
blocknum = 1;
dcode = getuwordétapefile); /* Get first data code */
while (feof(tapefile) == 0) /* While not end-of-file */ ‘

if (dcode != DKEOB) /* Check for end-of-block */
{

A O N

count = getuwordétapefile)}
daynum = getuword (tapefile) ;

2 timecode = (getuword (tapefile)<<16)
K + getuword(tapefile):
. printf("Data block %d: dcode = %d, count = %3d, ",
1 blocknum++, dcode, count);
printf("day = %d, time = %d\n", daynum, timecode);
) if (dcode == DKLOG) /* Print message on terminal */
" printlog(tapefile, (count - 5));
\ else /* Skip rest of data block */
K for (count -= 5; count > O; count--)
getuword tapefile;;

. } dcode = getuword(tapefile): /* Get next data code */
N .
E else /* End of tape block */
printf("Data code = %d;: End of tape block\n\n", dcode);
g while ((feof(tapefile) == O) & (dcode == 0))

y dcode = getuword(tapefile):; /* Skip zeroes */
4
3
4 } /* Continue Loop */ ,
i fclose (tapefile) ;

AT : S U T oy S AR
R L

1 \ Wl T ‘\.w 4
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hy y %
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/iiitittiiiiitﬁiifﬁtti*it***ii*ﬁ*ii*ititQit*i**tiit*t*ttitit**t/

e error (errstring) /* Print error message and die */
char f*errstring;

‘;' printf(errstring):
¥ printf("\n");
exit (1)

Ay BN TR

/ii*ti**ii***itﬁiﬁiiiiittﬁtitiiii*ittttttt****tﬁi*ttiit**t*i***/

n
g unsigned short getuword(fp)
) /* Get an unsigned 16-bit word from file fp */
FILE *fp;
4,
B¥ unsigned char cl,c2; /* Interpret incoming bytes as unsigned */
; /* Swap bytes and return unsigned short */
b ) return(((cl = getc(fp))<<8) + (c2 = getc(fp))):
'ﬂ
L0
‘ ***t**t*i*********t*****tt*t***}ttttt*t***tttt*tt*étiit**i****
5 / /
:‘ : short getsword(fp) /* Get a signed 16-bit word from file fp */
t} FILE *fp;
A {
Z;, ¢ unsigned char cl,c2; /* Interpret incoming bytes as unsiqgned */
. /* Swap bytes and convert to signed short */
& return((short) (((cl = getc(fp))<<€) + (c2 = getc(fp)))):
%@
f: /*iit***Q**iti***tiiti**ti**ﬁii*t*i**i*******tt***ttti***i***it/
a?*
hy printlog(fp, wcount)
/* Print a message log data block on the terminal */
™ FILE *fp;
W int wcount;
N {
A char c;
Nl putchar ('\n'); /* Start a new line */
A for (; wcount-- > O;)
q; if ((c = getc(fp 1= C putchar{c ; /* Print left char */
Hw if ((c = getc(fp != Q) putchar(c): /* Print right char */
&
' printf("\n\n") ; /* Skip a line */
" }
/itttitt.Q*ttiiitﬁﬁititttﬁtiiiﬁ*ii*'ttitﬁtttitt*iti*t**t*ti*it*/
8,
b
[Ta
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