emissions. Hissband is very frequent within auroral-zone areas, but is more seldom heard in California-latitudes except during major magnetic storms. At higher latitudes within the auroral-zone region, it tends to be heard most frequently during the daylight hours. Notice that hissband of many pitches (center frequencies) is on many of the spectrograms (and in most of the Canadian recordings) on these two CD's.
Hissband can also undulate rhythmically in over a span of several seconds - this can be either very diffuse "fuzzy," whistler echo-trains, or they can be actual fluctuations of hissband traveling in the same method whistlers travel. Listen carefully to the relatively low-pitched hissband in Track 6 of Disc One (northern Alberta) alongside a good mixture of other emissions.
Periodic Emissions: Other sounds different than whistlers or chorus get lumped into this category, but as the term implies, they tend to occur only occasionally (periodically) and in repetitious fashion with a somewhat predictable repetition time (period). Phenomena lumped under this category appear in several tracks on both these CD's. A fine example of one of these this sounds is in Tracks 1 and 3 of Disc One - a phenomenon recorded in northern Alberta called "hooks" because they fall then abruptly rise in pitch. Notice that these "hooks" in tracks seem to trigger subsequent ones (rather like a good tennis volley) as it reaches a fast fury, then winds down to slower levels. Yet another good track of occasional hooks mixed in with other phenomena is in Track 8 of Disc 2, recorded in Saskatchewan. Hooks are less-common Natural Radio emissions arising from magnetic storm/auroral phenomena and heard this strongly only at higher latitudes such central or northern Canada and other locations near or within the auroral zone. Various periodic emissions such as hooks and other phenomena are also presented in Tracks 2, 5, 7, and 11 of Disc Two, recorded in Saskatchewan, Canada.
"Pseudo-whistlers:" There is a fine examples (in Tracks 1 and 3 of Disc One recorded in northern Alberta 12 August 2000) of downward falling tones that are not true whistlers, but are called "pseudo-whistlers" because, while they do fall in pitch, three origin is not from lightning but from processes farther out in space, nor do they have the known characteristics of true whistlers.
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Above: Spectrogram of hooks from track 1, Disc One, recorded in northern Alberta 13 Aug. 2000
Below: Expanded view of periodic emissions in a 6-second cycle of repetition taken from Track 7, Disc Two. The bunches of slow risers and what have been called" inverted hooks" recorded in Saskatchewan 29 June 2001.
■ m »» I
10
kHz
-*• —i > H H *
+
-*»*^
-**--+-
4MHN*
■^^^.HH .l
8 kHz
6 kHz
♦
4 kHz
■
i
2 kH;
+
+
15 sec
20 sec
25
sec
Tonal Bands: Strange-sounding whistling and musical noises, or a multitude of whistling sounds which abruptly begin and end, usually for usually a few to several seconds in duration. Many of these can be heard in the various tracks of these two CD's, but one of the finer examples of tonal bands slowly rising in pitch over and over - also periodic emissions, are on Tracks 6 and 7 of CD Two, both tracks recorded in Saskatchewan on 29 June 2001. They repeat at about the same rate that it would take for a whistler to make a full two-hop round-trip, so it is thought that these signals are propagated and sustained in a manner called "whistler mode," following the same or similar paths along whistlers within Earth's magnetosphere. Scientists also use the term "discrete emissions" to describe any number and variety of natural VLF radio emissions that have more of a narrow range of audio frequencies, such as chorus risers, hooks, and tonal bands, to name a few). Emissions such as hissband, that are more spread out spectrally, are not lumped under the term.
Triggered Emissions: a variety of natural VLF radio emissions seem to be triggered by a similar or differing VLF emission. Whistlers can trigger other emissions—often risers--that can carry on for a while after the whistler has passed. A fine example of hissy whistlers triggering risers that then carry on for many repetitions is in Track 4 of Disc Two, recorded in Saskatchewan on 23 June 2001.
The spectrograms are as beautiful as the natural VLF radio sounds!
Man-made VLF emissions:
Omega and Alpha: A couple of the recordings presented on these have (to a greater or lesser extent) a high-pitched "beeping" sound toward the high-frequency end of audibility. This is mainly in the few pre-September 1997 recordings on Disc One (tracks 21 - 25), and only a few of them are heard because all the tracks on Disc One (from source cassette tapes) were recorded into digital files (with 22050 Hz/16-bit sampling rate) that do not any allow for audio frequencies above 11 kHz. I should note here that Disc Two was sampled at full-CD quality at 44100 Hz, allowing for sounds up to 22 kHz to be reproduced, as all the tracks on Disc Two were recorded digitally. However, there are no Omega transmissions audible on any of the Disc Two VLF tracks.
The beeping sounds are transmissions of the worldwide (and now defunct) Omega Radionavigation System run jointly by the U.S. Coast Guard and other partner countries military departments concerned with navigation.
Omega is now off-the-air since 30 September 1997 thanks to the advanced GPS (Global Positioning System) satellite navigation system. Omega previously consisted of eight 10,000 watt transmitters in the following locations: Australia (Victoria), Japan; Hawaii (Oahu) near Kailua; North Dakota (USA) near La Moure; Liberia (Africa); La Reunion Island; Argentina; and Norway. Each transmitter transmitted eight "pulses" of 0.8 to 1.2 seconds duration, repeating the process
every 10 seconds. During each cycle, each transmitter occupied a unique frequency, and over the course of each 10 second cycle, all of the eight transmitters "hit" on several common frequencies spanning 10.2 to 13.8 kHz.
Also, each transmitter transmitted on its own "unique" frequency on 2 of its 8 transmitted pulses. Omega receivers used to sample the relative phase and timing of each Omega signal. Best results were obtained when at least 4 Omega transmitters were received and analyzed, and the nearest resolution, called a "lane" is about 5-6 miles (8-10 km) wide. Omega was subject to the same VLF propagation disturbances which affect Natural Radio, particularly during magnetic storms. When dawn chorus fills the receiver headphones, Omega is probably experiencing accuracy problems!
There were also daily (diurnal) variations in the accuracy and phase of the Omega signals as day becomes night, which for the most part were taken into account within an Omega receiver's internal microprocessor. GPS, at microwave frequencies, does not suffer any of these particular propagation errors as does Omega.
As such, Omega is no longer on the air, though Russia (not wishing to be totally reliant upon GPS) still operates a smaller-scale version of Omega called "Alpha." Alpha has only three (possibly four) transmitters sending three short pulses of approximately 100 milliseconds in duration, followed by a pause of a couple seconds' duration. In North America, Alpha is considerably weaker in strength than Omega was, particularly for listeners previously within a thousand miles of an Omega transmitter.
The one thing natural VLF experimenters and listeners miss about Omega was that the beeps of Omega could be used to synchronize recordings and to align spectrograms, and they made for an excellent, highly accurate time-base in such recordings.
Military (MSK-mode) stations: There are many military communications stations transmitting encrypted MSK data, usually intended for submarine communication. They operate just above the audio-frequency band where natural VLF emissions are audible, in the 19 to 30 kHz region. While normally not audible in the passband of a receiver made to receive natural VLF emissions (such as the two used to record this album), they can cause distortion products in its audio-amplification circuitry, resulting in an odd pulsing tone of various frequencies. This appears in a couple tracks on Disc One (in recordings made at the northern Alberta VLF site in August 2000), most notably Tracks 7 and 13 of Disc One. The right-channel loop was pointing in a direction most sensitive in an east-west direction, and it was receiving a fairly close-by MSK signal that either was not on the air continuously, or propagation varied its signal enough to reach an occasional threshold where it overloaded the loop antenna preamplifier circuitry.
Power line "hum" from alternating current electric wires: Switch on a VLF receiver within your home or office, and you will not hear anything BUT this sound! Today, all electricity generated at power plants is "alternating-current (AC)," as opposed to "direct-current (DC)" produced from batteries in your watch and portable radios. With AC, the polarity changes a many times a second. In Europe, Asia, most of Africa, and Australia/New Zealand, the electric mains power changes polarity 50 cycles-per-second, or 50 Hz. In North America and in most (but not all) Central and South American countries, it is at 60 Hz.
While necessary for long- distance transmission and voltage transformation, AC generates hum in poorly filtered audio equipment and especially in sensitive natural VLF radio phenomena receivers. If this wasn't bad enough, most electrical "grids" seem to cause the 50 of 60 Hz current to generate harmonics—multiples of 50 of 60 Hz, causing hum/buzz THROUGHOUT the VLF radio spectrum. Those immense, high-voltage, high-tension electric wires sagging between the tall metal pylons and marching off toward the horizon can generate impossible amounts of hum and buzz if you try to listen with a VLF receiver too close to them-and I'm talking about miles near to them! My own sensitive receivers have picked up the hum sounds from powerlines located as much as 25 miles away, where no others were closer. In Tracks 21 through 24, whistler recordings made in northern Nevada in April 1996, there is noticeable powerline hum in the background. The location where these recordings were made was only about 5 from two large sets of powerlines to the north AND south of the recording site.
To obtain quality, "hum-less" recordings of VLF phenomena (as in most of the other tracks on both these two CD's), a listening/recording site far removed from above-ground power lines must be found. It's fairly easy to find absolutely quiet hum-free listening spots in desert, mountainous/alpine or tundra regions of western North America, Australia, or the remoter (i.e. northern) parts of Europe and the British Isles (Scottish Highlands particularly), but finding quiet spots to listen close to home and/or in populated regions with many towns near each other, or in farmed regions, usually mean pesky power lines will be around somewhere, likely alongside the road being traveled.
Willingness to walk/hike into listening sites greatly increases the chances that a quiet spot will be found. In most cases, a bit of background hum is going to be the situation and can be tolerated. Surprisingly, reasonably low-hum natural VLF radio listening spots (low enough to allow for audibility of most of the louder VLF emissions) can be found in places such as large ball fields, large urban/suburban parks away from light poles and/or where lines are buried, farm fields where wires low-voltage lines are hidden behind trees (or are placed underground), along many beaches (especially if electric wires are below-ground), and so forth. It has been found that within southwest London's Richmond Park and Battersea Park, quite a few remarkably low-hum listening spots exist. This is also true for San Francisco's Golden Gate Park's soccer/football playing fields. Low hum does not mean NO hum, and so for absolutely quiet, hum-free recordings to be made, careful selection of regions and specific areas within those regions is necessary — i.e., heading into the remote boondocks and roughing it!
About the Spectrograms: The spectrograms presented in this document were produced with GRAM42 from contents in these two CD's re-recorded into 22050 Hz sampled files and then analyzed with Gram42. The output spectrograms were then saved as bitmap images and imported into the application used to write this paper. An MP3 file in the data section of Disc Two: examples.mp3 contains the five audio segments used to make the spectrograms, in the order of which the spectrograms appear on these pages.
About Stereo Recording, Antenna Directionality, and VLF emission sources: Both of the wire loop antennas used to make all of the stereo tracks and a couple of the mono tracks on both of these two CD's were hung vertically in trees. They are roughly triangular in shape, and each loops have two "nulls" and "peaks" in sensitivity along a horizontal azimuth. Directions along planes of the loops are the "peaks" and directions 90-degrees to the loop plane are the "nulls." This is known as "bi-directionality" and is best taken advantage of when one loop antenna is oriented 90 degrees difference in horizontal azimuth direction from the other loop.
In the case of the August 2000 expedition to Alberta, the right channel was recorded from a (black) loop oriented for maximum sensitivity in an east/west direction, and the left-channel (red) loop was oriented for maximum sensitivity of pickup in a north-south direction. (The colors of the loops refer to the color of their wire insulation seen in photographs in an accompanying PDF document on CD Two - see the file: Auroral_Chorus_III_Guide.pdf).
In Saskatchewan, the right-channel loop (red) was oriented for maximum sensitivity in a northwest/southeast direction, and the left-channel loop (black) was oriented for maximum sensitivity in a northeast/southwest direction.
Nearly all of the lightning static (sferics) signals arrive to the antennas along the horizon - propagating as do most other terrestrial-origin radio signals along the surface of the Earth. As such, directionality of lightning static is very noticeable in the stereo recordings. Listening carefully to the differences between the right and left channels, you may have noticed that directionality of other VLF signals, such as chorus and whistlers, varies a bit from CD track to track, but not as noticeably as with lightning sferics. This is because most of the natural VLF radio emissions are arriving to my recording locations not from away toward the horizon but from ABOVE - the signals have been propagated (from their sources farther out in space) along Earth's magnetic-field lines, and actually arrive along the lines of the magnetic field.
Earth's magnetic-field lines - in a roughly dipolar pattern, intersect Earth's surface in the auroral-zone from a nearly vertical direction - actually, between 65 and 75 degrees from horizontal, and they tilt toward the south. This is also known as the magnetic "dip angle." Photographs of aurora clearly show the lines of Earth magnetic-field, seen as "rays" or "pillars" or other near-vertical lines in the auroral forms (also refer to diagram further below). Notice the field-aligned pattern in the auroral photo (CD cover photo) on page 1 of this document - this photograph was taken looking toward the east, and show the field-lines tilting toward the south.
The above photo shows a display early the morning of 10 August 2000 in northern Alberta looking toward the west - notice the tilting lines (magnetic field) in this photo are sloping in the opposite way from the CD cover photo on Page One.
Aurora of 31 March 2001 - midnight PST - southern Owens Valley, California - S. McGreevy
Photos of aurora taken in more southerly locations below latitude 40 (in North America) show increasing dip-angle "tilt" in the field-aligned rays and pillars. Aurora seen from such southerly latitudes tends to be seen mostly toward the north, and
so the greater magnetic-dip-angle tilt southward is not as obvious, such as is the case with the above photo (31 March 2001, looking north/northeast) of aurora high in the sky over Inyo County in eastern California. There was a very brief moment when the aurora seen in this photo reached zenith overhead and even farther south, and it appeared to actually "lean" over at an angle of about 55 degrees from horizontal when I looked toward the east or west!
Many natural VLF radio emissions such as chorus, risers, hooks, hissband, etc., are generated out in space (several Earth-diameters distant from Earth's surface) along the equatorial plane within Earth's magnetic-field (magnetosphere). They originate as waves within the magnetosphere's plasma (hot gases and electrified particles) where the sun's solar wind impacts the magnetosphere. Many signals then follow along Earth's magnetic field, arriving along a magnetic line-of force shown in the picture below, becoming conventional radio (electro-magnetic) waves below the plasma-pause. These lines-of-force are clearly seen in auroral photographs shown above and indicated with the red line.
VLF plasma-wave generation region
The diagram above (from AGU Monograph 53, pg. 201 - Kuwashima and Fujita, with additional labels added by McGreevy) shows the daylight-side of the magnetosphere and how VLF plasma-waves generated out in space travel to Earth's surface where they are heard as VLF radio signals. Since both loop antennas feeding the right and left-channel receivers are sensitive to signals coming from above due to being erected as vertically-hanging triangles (deltas), they tend to show less directionality to most natural VLF signals except from lightning static.
It is possible for many natural VLF signals arriving along a magnetic-field line-of-force to then propagate along Earth's horizon for many hundreds of miles (as standard, terrestrial-origin radio signals do). These now horizontally-traveling VLF signals then can be stronger in one loop antenna versus the other, depending upon the horizontal azimuth direction they arrive to the antenna. These signals are the ones which differ most greatly between the left and right channel loop antennas.
In conclusion, many natural VLF radio signals are arriving from near space, originating many thousands of miles distant and several Earth-diameter distances away. Enjoy the beautiful sounds of natural radio!
S. P. McGreevy, September 2001 - www.auroralchorus.com
Signature Not Verified
y Stephen P. McGreevy
Digitally signed by Stephen P. McGreevy DN: cn=Stephen P. McGreevy, o=S. P. McGreevy Productions, c=US
Date: 2001.09.18 11:10:01 -08W