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Stephen P. M
cG

reevy's BBB-4 (Bare Bones Basic) N
atural V

LF R
adio

R
eceiver Schem

atic

PD
F Version

REV
ISED

 RELEA
SE (O

ctober 2004 - jpeg schem
atic by John W

aghorn in England added below
) S. P. M

cG
REEV

Y. BBB-4 V
LF Receiver for broadband 0.1 to 15+

kH
z reception of naturally-occurring ELF-V

LF radio phenom
ena. This schem

atic is being offered as-is. Please see notes at the bottom
 of this sheet before contacting

m
e about this unit. If all instructions and notes are follow

ed, there should be no problem
 w

ith it w
hatsoever. A

lso, this unit w
ill not receive U

LF earthquake signals, nor
am

 I very know
ledgeable about such phenom

ena except for the very basics (I say this to reduce the num
ber of inquiries I receive about such phenom

ena). If you are
interested in U

LF reception (and great V
LF coverage too), try this excellent and detailed w

ebsite: http://w
w

w.vlf.it.
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Below
 is a schem

atic created by John W
aghorn of the U

K
 (http://w

w
w.users.totalise.co.uk/~jw

aghorn/) w
ith European parts designations. For instance, 3.3 nf

(nanofarads) equals 0.0033 uf (m
icrofarads), and 4K

7 equals 4.7K
, 1K

5 equals 1.5K
. This addition should be of help to builders outside N

orth A
m

erica. I very m
uch

appreciate John's addition and his enthusiasm
 of the efficient BBB-4 V

LF receiver - a project I first begun in late 1990 - it w
orked so w

ell that it rem
ains a basis for a

good V
LF receiver for audio-frequency natural radio phenom

ena listening in a sim
ple, straightforw

ard design!
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BBB-4 V
LF R

eceiver text schem
atic
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 BBB-4 receiver notes and other inform
ation:

The "BBB-4" is a broadband 0.2 to 12+ kH
z V.L.F. receiver w

ith a passband peak at approxim
ately 1.5 - 2 kH

z, and is designed to receive naturally-occurring V.L.F.
phenom

ena (such as "w
histlers") that occur as electrom

agnetic (radio) w
aves at audio-frequencies. This receiver w

as designed to be hand-held or tripod m
ounted, and

its output patched to a M
ICRO

PH
O

N
E-LEV

EL input such as a tape-recorder or speaker-am
plifier (such as the one available at Radio Shack ("M

ini A
udio

A
m

plifier/Speaker" cat. # 277-1008). "Radio Shack" in the U
S and Canada is also know

n as "Tandy" overseas, such as in the U
.K

.

It is sim
ilar to the ready-m

ade W
R-3 I sell in its em

ploym
ent of a w

hip antenna to successfully and w
ith sensitivity m

onitor audio frequency V
LF N

atural Radio. The
differences betw

een the BBB-4 and W
R-3/3E units are that the BBB-4 does not have a headphone am

plifier like the W
R-3/3E units nor a sw

itchable audio-filter. This
BBB-4 receiver can only be patched either to an outboard speaker/headphone-am

plifier or a m
icrophone-level tape recorder input.

D
issatisfied w

ith m
ore com

plicated and cum
bersom

e m
ulti-turn loop receiver schem

es back in 1991, I opted to design a w
histler receiver that w

as sim
ple to build and

use by new
com

ers to this realm
 of radio. I also desired the BBB-4 to be as sensitive and low

-noise as possible using a sm
all w

hip antenna w
hile being highly im

m
une

to broadcast and utility station overload.

The BBB-4 V.L.F. receiver circuit ("BBB-4" standing for a fourth version of m
y "Bare-Bones-Basic" designs) is rem

arkably sensitive and w
orks very w

ell w
ith short

w
hip antennas betw

een 1-3 m
etres in length, since it operates on the sam

e principle as high-im
pedance "active antennas" designed for other frequency ranges (such as

long, m
edium

 or shortw
aves).

The BBB-4, due to its F.E.T. "front-end" being a high-perform
ance J-FET, has an input im

pedance of about 10 m
egohm

s, w
hich is w

hy the short w
hip antenna--m

ore
correctly called an "electrical-field probe"--w

orks fantastically for being such a tiny fraction of the received-frequencies' w
avelengths in size (the ultim

ate isotropic
antenna). R1 and C2 act as a roll-off to frequencies above about 20-30 kH

z, efficiently elim
inating potential receiver overload/interm

od from
 Loran-C (100 kH

z),
strong A

M
-BCB signals or SW

BC signals, and frequencies up into the V
H

F ranges. R2 sets the gate im
pedance for the J-FET. R4 and R3 set the optim

um
 bias on the

FET for m
axim

um
 dynam

ic range and m
inim

um
 susceptibility to overload and interm

od. C3 and C6 slightly helps roll-off low
-frequencies such as pow

erline "hum
."

The "pi-filter" consisting of C4, L1 and C5 roll-off frequencies beginning at about 7 kH
z, so there are not excessive levels of 10.2 - 13.6 kH

z "O
m

ega" signals (A
N

D
Russian "A

LPH
A

" in the Eastern hem
isphere) or m

ilitary com
m

unication signals in the 18 to 25 kH
z range, w

hich can create problem
s w

ith the recording system
(particularly cassette-type recorders) connected to the output of the receiver. M

ini-D
isc or other recording system

s capable of broadband recording past 20 kH
z w

ill
suffer far less problem

s from
 A

LPH
A

 and m
il. com

m
s., and the pi-filter caps can be further reduced to .002 uF - experim

ent here if you like. R5 to R8 , Q
2 and C7

form
 a fairly low

-noise Class-A
 audio am

plifier w
hich boosts the output from

 Q
1 to a level plenty for all m

icrophone-level recorder inputs and even som
e m

ore
"sensitive" line- level inputs. Bypassing R3 (220 ohm

) w
ith a 2.2 uF cap w

ill boost FET gain som
ew

hat, esp. the higher frequencies--depending on your location and
listening conditions, this m

ay or m
ay not be desireable.

The circuit can be built on perfboard such as IC-LSI boards or even w
ired point-to-point, as layout is not very critical. H

ow
ever, the parts' values A

RE critical for
optim

um
 passband shape and sensitivity. It is recom

m
ended that this circuit be installed into a m

etal enclosure for m
axim

um
 R

F shielding.

A
 note about R

1: experim
ents in early 2001 have show

n that low
er receiver J-FET tem

p. noise results w
ith the substitution of the 1 m

egohm
 resistor w

ith (first) a
200K

 folow
ed by a 150 m

illiH
enri inductor (choke) in series.
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L1, the inductor, can either be a 160-200 m
illiH

enry choke or the Radio-Shack 1K
 to 8 ohm

 audio transform
er available at Radio-Shack (cat. # 273-1380). U

se the
black and green or black and blue w

ires (the center-tap and one end of the prim
ary w

inding).

The audio transform
er w

as used as an inductor, since it is easily available at Radio Shack stores. In fact, A
LL the parts are available at Radio Shack. Capacitors C4 and

C5 w
ork w

ith L1 to reduce O
m

ega to tolerable levels. Solder the J-FET into the circuit LA
ST, and take m

easures to protect the FET from
 static electricity. The total

cost for parts (not including an enclosure) for the BBB-4 are in the neighbourhood of $15-20 U
.S.

E-field-probe receivers of this type need to be operated at locations aw
ay from

 trees, buildings, or other obstacles by about 100 feet/30 m
etres. This is because received

signal levels (due to E-field attenuation) w
ill be poor if the receiver is operated too near (or under) such obstructions.

The greatest nem
esis to m

onitoring and recording naturally occurring V
LF phenom

ena are electric A
C pow

erlines, w
hich em

it annoying hum
 at 50/60 H

ertz and also
harm

onics beyond 1 or 2 kH
z. The only cure for this "hum

" problem
 it to locate m

onitoring sites w
ell aw

ay from
 A

C pow
erlines. Locations at least 1 km

/0.6 m
i. or so

aw
ay from

 a.c. pow
erlines w

ill begin to be acceptable, though the farther you can get from
 pow

erlines, the better. H
illy or m

ountainous terrain (w
ith open areas free of

trees) offer larger areas aw
ay from

 pow
erlines, though large fields and m

eadow
s w

here the pow
erlines are shielded by trees, etc. m

ay be surprisingly hum
-free. (O

n the
other hand, "low

-hum
" areas can exist rem

arkably close to or w
itiin tow

ns and cities if m
ost A

C lines are below
 ground.)

Rem
ote locations such as deep into desert and w

ilderness regions offer the m
ost rew

arding locations, both aesthetically and electrically, to listen, and you m
ay be able

to get over 10 m
iles from

 the nearest pow
erline. If so, you can m

ake the receiver's antenna several m
etres in length (keeping it vertical) for m

axim
um

 sensitivity.
Longer vertical antennas or horizontal w

ires m
ay either overload the receiver, or in the case of long/low

 w
ires, w

ill create a m
ism

atch w
hich w

ill actually reduce
output. Experim

ent here.

N
O

TE: A
 100 m

illiH
enry choke across C5 (the second .0047 cap in the audio filter) w

ill greatly reduce the below
 1 kH

z frequencies, including pesky pow
er- line hum

.
This m

ay enable you to listen far closer to A
C pow

er-lines including even som
e backyard locations! G

rounding is non-critical. H
igh-im

pedance FET receivers of this
type need only m

inim
al grounding to w

ork w
ell--even just the body of the listener holding the m

etal enclosure of the receiver w
ill be adequate in m

ost cases. If you
w

ish for really low
 noise perform

ance in the input stage, replace R1 w
ith a 100 m

illiH
enry choke.

If recording, it is best to stick a 8-10 inch ground rod into the soil to reduce the possibility of feedback w
ith som

e tape recorders. A
lso, a sm

all ground-rod (8-10 inches
long) w

ill cut noise from
 body or foot m

ovem
ents (due to capacitive interaction w

ith the ground). If you ground the receiver to objects such as fences, bew
are that

certain grounds m
ay couple A

C pow
erline noise to the receiver, w

hich is w
hy I recom

m
end a sim

ple Earth ground. Better quality tape recorders, w
ith adjustable input

level controls, are desirable, as "cheapie" portable recorders w
ith auto-level control w

ill often have annoying variations in record level due to lightning-sferics. A
nd,

these cheap recorders also put noise of their ow
n onto the tape.

A
 shielded 600 ohm

 patch-cord w
ill suffice betw

een the output of the BBB-4 and m
icrophone input of a tape recorder or speaker am

plifier.

The m
ost com

m
on naturally occurring V.L.F. em

issions to be heard are the m
yriad "crackling and popping" sounds of lightning-stroke electrom

agnetic im
pulses

(static/sferics) from
 lightning storm

s w
ithin a couple thousand-km

/m
ile radius of the listener. Since there are nearly 100 lightning storm

s in progress anyw
here on the

Earth at any given tim
e, and that m

illions of lightning strokes happen daily, there is N
EV

ER a m
om

ent w
hen these lightning "sferics" w

ill not be heard. H
ow

ever, the
density and strength of lightning sferics can vary day-to-day and hour-to-hour. M

id-w
inter offers the low

est density of sferics, and sum
m

er evenings can be full of a
dense barrage of strong sferics m

asking everything else.

The other m
ost com

m
on (and m

ost aw
esom

e) sounds are "w
histlers"--eerie descending tones caused w

hen the lightning electrom
agnetic energy gets "ducted" along

Earth's m
agnetic lines-of-force (m

agnetosphere) to the opposite polar hem
isphere, then gets rebounded back to the vicinity of the originating lightning stroke im

pulse.
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H
ow

ever, there doesn't have to be lightning w
ithin sight or even a few

 hundred m
iles of your listening location--lightning from

 storm
s up to thousands of km

/m
iles

aw
ay, particularly if m

ore to the north of your location, can generate large w
histlers w

hich are heard continent-w
ide.

O
n the other hand, it's quite spectacular to w

atch safely distant lightning storm
s generate w

histlers in the receiver's output--you hear the huge "crack" of the lightning
im

pulse sferic, then, if the conditions to support w
histlers are occurring, a w

histler m
ay follow

 from
 1 to 2 seconds after the lightning stroke. O

ptim
um

 tim
es to listen

for natural V.L.F. phenom
ena, such as w

histlers, are betw
een sunset and sunrise, w

ith the m
idnight to sunrise period generally being the best.

Statistically, the greatest activity to be heard is from
 2 a.m

. to first-light (daw
n) - sferics tend to be fairly low

 as com
pared to the sunset period. D

aw
n Chorus can occur

during m
agnetic- storm

s, and w
ill peak anyw

here from
 an hour before sunrise to 2 hours past sunrise.

W
histlers can occur at anytim

e, but the period of m
inim

um
 frequency is m

idday. Som
etim

es, activity can also occur just before and after sunset, but sferics w
ill be

fiercer. Lightning sferics w
ill be m

ost fierce during sum
m

er afternoons and m
inim

um
 (generally) an hour or so after sunrise until thunderstorm

 activity picks up later
on. W

inter can present delightfully low
 lightning sferics_other activity w

ill be m
ore "in the clear."

Tw
eeks, the "ringing/pinging" sounds of sferics caused by the Earth- surface/ionosphere "w

aveguide," w
ill be best from

 an hour after sunset to 2-3 a.m
. local tim

e,
gradually tapering off tow

ard sunrise. Their num
ber and intensity of "pinginess" can vary from

 night to night_som
e nights they can sound rather "pale," but other nights

they can ring in a variety of beautiful m
ixtures and pitches. W

histlers, w
hich m

ay or m
ay not be heard on som

e days or even w
eeks, can range in sound from

 quite pure
notes to very diffuse "breathy" sounds. They can sw

oop in frequency from
 very high to low, or abruptly cut-off as they descend in pitch.

If you live north of the about latitude 45 in the U
S and Canada, or in northern Europe, or extrem

e southern A
ustralia and N

ew
 Zealand (closer to the auroral zones),

you w
ill likely be able to hear interesting natural radio activity about 50%

 of the tim
e, especially during m

agnetically disturbed/storm
ing periods. For those farther

south, don't be discouraged if you listen for several hours, or several sessions on different days, w
ithout hearing w

histlers or other natural radio phenom
ena. W

hen you
D

O
 hear them

, it w
ill m

ake up for the "dry" tim
es, as there is nothing like "live" listening! Listeners located north betw

een 40-55 degrees north or south latitude are in
the optim

um
 latitudes for m

onitoring natural V.L.F. phenom
ena.

If you can see visible A
urora (N

orthern/Southern Lights) from
 your location, you are at a great location for natural V.L.F phenom

ena m
onitoring! Latitudes betw

een
20-30 degrees north and south w

ill hear less, but at tim
es, still loud phenom

ena. I've heard w
histlers just fine in H

aw
aii_presum

ably those w
histlers w

ere louder farther
north, but still, they w

ere heard! D
O

 N
O

T operate this receiver (or any other) w
hen nearby lightning threatens! Take appropriate lightning precautions w

hen lightning
is occurring nearby (w

ithin 5-10 m
iles).

N
earby lightning w

ill cause excessively loud sferics in the receiver's output, and w
histlers w

ill not be louder just because lightning is close-by. Reserve listening for fair
w

eather periods_m
ost often, the best and loudest natural V.L.F. phenom

ena w
ill happen during clear w

eather, since lightning can be quite distant, as m
entioned above,

and still spaw
n loud w

histlers.

Coordinated m
onitoring of naturally occurring V.L.F. phenom

ena am
ong individuals and groups has a strong potential to uncover new

 and previously unknow
n

characteristics of these phenom
ena, particularly if those m

onitoring sim
ultaneously are located hundreds and thousands of m

iles apart. Research and understanding of
V.L.F. phenom

ena has been hindered by a lack of listeners, w
hich is som

ething a few
 research groups, both am

ateur and professional, are attem
pting to alleviate.

I hope you enjoy this receiver and are interested in m
onitoring and studying naturally occurring V

LF radio phenom
ena for yourself. It is quite fascinating, especially

w
hen one ponders the fact that Earth's natural radio em

issions have been "sounding-off" w
ay before w

e H
um

ans cam
e into existence and started m

aking radio w
aves of

our ow
n!
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H
appy Listening!

Stephen P. M
cG

reevy

Text and schem
atic originally released onto the Internet N

ovem
ber 1993, updated N

ovem
ber 1995, January 1996 w

ith thanks to m
any rec.radio.shortw

ave group and
W

eb readers.

A
dditional Tips:

1) A
 100-200 m

illiH
enry inductor connected across C5 the w

ill act as a high-pass filter, nicely attenuating 60-360 H
z pow

erline em
issions (hum

). Experim
ent here.

2) If you w
ant less gain from

 the Q
2 stage (and slightly low

er noise), reduce R8 to 4.7K
.

3) Listen to W
W

V-shortw
ave (2.5, 5, 10, 15, 20 M

H
z) for geo- m

agnetic indices at 18 m
in. past each hour (W

W
V

H
-H

aw
aii at :45). A

 K
- index at or above 3 indicates

enhanced conditions for natural phenom
ena, especially chorus.

4) The U
.S. N

O
A

A
/U

SA
F/Space Environm

ent Center (SEC) runs a fantastic W
ebsite w

ith geom
agnetic indices and other inform

ation available at:http://sec.noaa.gov.
Lists the past 30+ days' geom

agnetic conditions, proton and electron fluences, and so forth. There seem
s a rough correlation betw

een high electron fluences, low
 K

-
indices (especially follow

ing a m
agnetic-storm

 period) and louder w
histlers at m

iddle latitudes-- look for fluences at 1.0E + 07 or higher. This seem
s to folllow

 best
during equinoctal periods (autum

n, spring). Periods w
hen the solar flux is rising also seem

 to be tim
es w

hen w
histlers occur m

ore often. N
ights of fabulous w

histlers
can be unpredictable and can't be reliably predicted via "indices," (but it seem

s low
er K

 indices are better if follow
ing a period of higherK

 indices) so if you have a
chance to listen and it's past sunset, do so! A

gain, high K
-indices over 3-4 m

ean probable chorus (auroral chorus at higher latitudes and daw
n chrous at m

id. latitudes
around daw

n and local sunrise. Conditions w
hich hinder H

F propagation m
ake N

atural Radio com
e alive!

Stephen P. M
cG

reevy, N
6N

K
S

FIN
A

L N
O

TE: This E-field V
LF receiver schem

atic and instructions are being offered "as-is." It perform
s very w

ell as described and in its form
 show

n. Experim
ent at

your ow
n risk and enjoym

ent. It is m
ade for a 1-3 m

etre 'w
hip' (vertical) antennas only. It w

ill not w
ork w

ith ham
 or SW

L antennas, nor loop antennas, nor longw
ires.

It is designed for approx. 300 H
z up to 15 kH

z reception--not low
er nor higher frequencies. A

s it is presented herein, it w
ill not receive m

an-m
ade

broadcasts/transm
issions such as m

ilitary V
LF stations in the 16-25 kH

z spectrum
, nor earthquake (U

LF) signals below
 5 H

z, as som
e have previously asked m

e.

It is strictly a 0.4 - 15 kH
z receiver for N

atural Radio phenom
ena listening. I tend to lack tim

e to answ
er questions about it other than w

hat is presented here. O
ther than

that, have fun w
ith it!!! Com

m
ercial-use strictly prohibited w

ithout consent of Stephen M
cG

reevy (ask and you m
ay/shall receive...).

N
EW

!: D
ave in north-eastern H

olland (G
ronigen) sent m

e this e-m
ail, saying how

 w
ell his build of the BBB-4 w

orks. H
e has a fantastic w

eb site show
ing photos of

his finished receiver and antenna to BN
C jack adaptations for use w

ith his ow
n BBB-4. The U

RL of his w
eb site w

ith this inform
ation is:

http://w
w

w.da4e.nl/elfspecial.htm
l

H
e also has som

e .w
av recordings of his reception at this site. The text of his e-m

ail is as follow
s:

M
e
s
s
a
g
e
-
I
D
:
 
<
0
0
1
4
0
1
b
d
d
3
8
7
$
5
6
8
a
6
c
c
0
$
b
4
0
e
8
6
c
2
@
d
o
4
2
>
 

F
r
o
m
:
 
"
D
a
v
e
"
 
 

T
o
:
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U
niversity of Iow

a Plasm
a W

ave G
roup-hosted U

R
L for fantastic sound files (.W

AV
) of N

atural V
LF phenom

ena:  
M

cG
reevy ground-based V

LF recordings at http://w
w

w
-pw.physics.uiow

a.edu/m
cgreevy
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