
LOW-BAND 
CONVERTER 
There's a world of interesting 
activity on the frequencies below the 
AM broadcast-band. Here's a description 
of what happens down there, and instructions 
for building a converter for your receiver so you 
can listen in. 

THOSE OF US WHO HAVE SHORTWAVE 

communications receivers have heard, 
and are familiar with, the range of the 
radio spectrum between 535 kHz and 30 
MHz; that is the extent of coverage of 
most of today's shortwave receivers. 
Some receivers have a "longwave" band 
with a low-frequency limit of around 200 
kHz. There aren't many receivers that 
operate lower than that; the ones that do 
are rather expensive. This article is con­
cerned with the relatively-little-known 
part of the electromagnetic spectrum be­
low the standard AM broadcast-band. In 
particular, we will be looking at the VLF 
(Very-Low-Frequency) and LF (Low­
Fequency) bands, ranging from 3 to 300 
kHz. (The VLF band extends from 3 to 30 
kHz, and the LF band from 30 to 300 
kHz.) 

It is not difficult or expensive to receive 
signals in those frequency ranges. A sim­
ple converter can be built from easy-to­
find parts for a moderate price, allowing 
VLF and LF reception w.ith a shortwave 
communications receiver. 

What's below the broadcast band? 
There is plenty of activity below 535 

kHz, all the way down to 10kHz in the 
VLF spectrum. Table I shows the fre­
quency allocations below 535 kHz on a 
worldwide basis. Below lOkHz, thereare 
no allocations- those frequencies are 
considered essentially useless, for rea­
sons we will discuss later. 

Especially toward the lower part of the 
LF band (below 150kHz), and through­
out the VLF band, voice-modulated sig­
nals will not be found. Such transmis­
sions require too much bandwidth to be 
used in a part of the spectrum where band-

TABLE 1 

Frequency-kHz 
Below 10.00 
10.Q0-14.00 

14.Q0-19.95 
19.95-20.05 
20.05-70.00 
70.0o-90.00 

I~~ 

~ 
90.Q0-110.0 

110.Q-130.0 

130.G-160.0 
155.G-281.0 

160.o-200.0 
200.G-285.0 

285.G-325.0 

325.0:-405.0 

405.G-415.0 

415.G-490.0 
490.o-510.0 

510.()-525.0 

525.o-535.0 

Service 
Not allocated 
Radio location, radio 
navigation 
Fixed, maritime mobile 
Standard frequency 
F'IXed, maritime mobile 
Fixed, maritime mobile, 
maritime radio naviga­
tion, radio location 
Fixed, radio navigation, 
maritime mobile 
Fixed, maritime mobile, 
maritime radio naviga­
tion, radio location 
Fixed, maritime mobile 
Broadcasting (Europe, 
N.. Africa, and Middle 
East) 
Fixed 
Aeronautical radio 
navigation, aeronautical 
mobile 
Maritime radio navlga· 
tion, aeronautical radio 
navigation 
Aeronautical radio 
navigation, aeronautical 
mobile 
Maritime radio naviga­
tion, aeronautical radio 
navigation, aeronautical 
mobile 
Maritime mobile 
Mobile (distress and 
calling) 
Mobile, aeronautical 
radio navigation 
Mobile, broadcasting, 
aeronautical radio 
naviga1ion 
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width conservation is extremely impor­
tant. An AM signal takes up at least 6 
kHz, and the whole VLF band is only 27 
kHz wide! An AM signal at 15kHz would 
have to be at least 40 percent as wide as its 
carrier frequency! Because of those fac­
tors , all signals in that frequency range 
are modulated by means of narrow­
bandwidth techniques, such as CW 
(Morse code) or frequency-shift teletype. 

Propagation below 535 kHz 
Radio signals at VLF and LF travel by 

three basic long-distance modes: surface­
wave, sky-wave, and waveguide pro­
pagation. Particularly below about 100 
kHz, the characteristics of radio-signal 
travel are alien to the short-wave listener; 
there is no rapid fading, backscatter, or 
selective distortion such as commonly 
occurs at high frequencies. 

Surface waves 
At VLF and LF, radio signals can 

travel along the surface of the Earth for 
great distances, without relying on the 
ionoshpere for propagation. This mode of 
propagation (sometimes mistakenly re­
ferred to as 'ground-wave' propagation) 
gets better and better as the frequency 
decreases. At 535kHz, surface waves can 
be heard out to distances of 200 to 300 
miles when conditions are good. But, 
since the Earth is a poor conductor at that 
frequency, and the return circuit for 
surface-wave travel is the Earth, the use­
ful range is limited. Most of the energy 
gets used to heat up the ground. 

As the frequency decreases, the ground 
becomes a better and better conductor. At 
frequencies around I 00 kHz, it is not un­
usual to hear surface-wave signals from 
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more than a thousand miles away. In the 
YLF range, surface propagation com­
bines with ionospheric propagation to al­
low worldwide communications, pro­
vided that huge antennas and high-power 
transmitters are used. 

Since the ionosphere plays no role in 
surface-wave propagation, VLF and LF 
communications may someday prove 
useful on planets with no ionosphere to 
support other modes of over-the-horizon 
links. 

Sky waves 
All radio waves having frequencies be­

low 535kHz are dramatically affected by 
the earth' s upper atmosphere. There are 
three layers of ionized gases high above 
the surface of our planet; those regions are 
called the D, E, and F layers. Figure I 
shows the arrangement of those layers 
during the day and at night. Typical alti­
tudes in miles are shown. 

The D layer, at a height of 37 to 57 
miles, returns YLF signals to the Earth 
during the daytime, but absorbs energy at 
higher frequencies. At night, that layer 
disappears , and the E and F layers are 
responsible for VLF and LF sky-wave 
propagation. TheE layer varies in altitude 
from about 62 to 71 miles and the F layer 
may be anywhere between about 130 and 
261 miles up. The F layer is generally 
higher at night than during the day. 

VLF and LF energy is almost totally 
reflected by the ionosphere, and hardly 
any of it escapes into space; furthermore, 
no VLF or LF signals from outer space 
can penetrate to the Earth's surface. That 
creates a "trap" for such energy, and 
insures that over-the-horizon com­
munication is always possible. 

Sky-wave and surface-wave modes, 
acting together, don' t a] ways reinforce 
each other. If, at a certain distance from 
the transmitting station, the surface-wave 
and sky-wave signals are equally strong 
but opposite in phase , they will cancel 
each other, and no signal will be heard. 
That effect becomes more common as the 
frequency increases . 

Also , as frequency increases , the D 
layer gets more and more absorptive. 
That reduces the effectiveness of sky­
wave communications during the day­
light hours. But the D layer disappears at 
night, and that is why we usually hear LF 
stations from farther away at night. The 
same effect occurs throughout the AM 
broadcast band, and no doubt you have 
observed the difference between daytime 
and nighttime propagation there. 

Waveguide effect 
The ionospheric D layer and the 

Earth ' s surface both form almost perfect 
reflectors of VLF energy. At VLF, the 
waves are so long that the distance be­
tween the ground and the D layer is only a 
few wavelengths. (For example , a 10-
kHz signal has a wavelength of 18 .6 
miles , but the D layer is 37 to 57 miles 

FIG. 1-"D," "E," and "F" LAYERS of the ionosphere assist in LF and VLF propagation. Typical 
daytime configuration is shown ina; " D" layer disappears at night (b). 

high-just two or three wavelengths.) 
That gives rise to a daytime condition 
where VLF energy travels within the 
chamber between the Earth and the D 
layer as if that space were a waveguide 
transmission-line . 

Waveguide propagation is an ex­
tremely reliable means of communication 
at VLF, with no fading or "dead zones." 
Waveguide propagation is best during 
daylight hours , since the D layer dis­
appears at night, leaving only theE and F 
layers, which are too far above the Earth 
to serve as good waveguide reflectors. 

Since all waveguides have a high-pass 
frequency response, there is a lower limit 
on the frequencies that can be used for 
long-distance propagation. If the 
wavelength is too great, the Earth-to-O­
layer waveguide will be too small to sup­
port propagation. The frequency at which 
attenuation begins to increase rapidly is 
about 10kHz. Below that, especially dur­
ing the daylight hours, the waveguide 
effect is of little use for long-distance 
communications. So severe is the loss, in 
fact , that frequencies below 10 kHz are 
not allocated for communications. 

FIG. 2- COMPONENTS USED IN LOW-BAND CONVERTER are readily available. Crystal may be 
ordered from companies advertising at back of magazine. 



Methods of reception 
Building a complete, self-contained, 

receiver that covers 10 to 535kHz is not 
easy. The top frequency is more than fifty 
times greater than the low one; that ' s 
equivalent (in terms of percent) to the 
range from the middle of the AM 
broadcast-band to TV channel 2! The 
only practical way in which you can 
obtain reception over such a wide band is 
to build a converter for an existing high­
frequency receiver. 

The converter described here 
"moves" the 10-to-535-kHz band to the 
3.510-to-4.035-MHz range for reception 
on shortwave receivers. That output 
range was selected so as to be compatible 
with amateur-band equipment. The con­
verter's output falls nicely into the 80-
meter ham band (3.5-4 .0 MHz). 

What kind of receiver should you use? 
It must have a BFO (Beat- Frequency 
Oscillator). It should be frequency-stable 
(as drift-free as possible) and have good 
selectivity. A ham receiver is ideal, es­
pecially if it has a narrow-bandwidth filter 
for CW reception. It also helps to have a 
noise blanker or limiter, because man­
made impulse-noise is a problem at VLF 
and LF. Other than those requirements, 
any sort of receiver with fairly accurate 
dial-calibration is alright: solid-state or 
tube-type, battery-powered portable or a 
50-pound boat anchor from the pre­
World-War-n era! 

A simple converter 
Figure 2 shows the a schematic dia­

gram for a low-band converter. Three 
stages of broadband amplification (Q l , 
Q2, and Q3) are used. The crystal 
oscillator/mixer, Q4, provides an 
amplitude-modulated (AM) signal, with 
the carrier at 3.500 MHz. That signal is 
fed to the antenna input of the receiver. 
The VLF and LF signals appear a·s side­
bands above and below the carrier. The . 
upper sideband (3.510 to 4.035 MHz) is 
easier to use because the signal frequency 
is easier to determine-just subtract 
3.500 MHz from the receiver dial read­
out. (If you use the lower sideband the 
reception will be just as good, but the 
band will come out "upside down" in the 
receiver, and frequency determination 
will be tricky .) 

The parts for the converter are in­
expensive and easy to find. Most, if not 
all, should be available from advertisers 
in Radio-Electronics. Parts for antenna 
construction will be described in the text, 
and are not included in the Parts List. 

Construction 
The converter circuit can be built on 

perforated construction board or on an 
"experimenter board " such as those 
available from Radio Shack and others; I 
used the latter. 

If you use an "experimenter board," 
note that the holes are interconnected by 
foil on the underside of the board in 

FIG. 3-COMPONENT PLACEMENT is not critical. Letters and numbers at edge of board simplify 
design work. 

groups of four. The 20 X 20 matrix of 
holes is labeled on each axis by the num­
bers I through 20 and the letters A 
through T printed on the underside of the 
board. It helps to place a piece of adhesive 
paper on top of the board, punch out all 
the holes with a sharp instrument , and 
label the rows and columns for easy refer­
ence. 

The parts layout I used is shown in Fig. 
3. Install the jumper wires first. Then 
install the resistors, capacitors, crystal , 
and choke. Resistors should be mounted 
vertically when the holes are adjacent (as 
is the case with R I through R6). Install 
the transistors and external-connection 
wires last. Be careful not to use too much 
heat when soldering the transistor leads. 

Drill two V4-inch holes in the rear panel 
of the metal cabinet, and one V4-inch hole 
in the front panel. Also drill four 1/s-inch 
holes at the corners of a 3 1/4-inch square 
(assuming you're using the same type of 
board I did) on the bottom of the chassis. 
(It's not critical how the square is 
oriented, but the holes should be well 
away from the rubber feet on the un­
derside of the chassis.) Mount the SPST 
switch on the front panel and the two 

female phono-jacks on the rear panel. 
Don ' t forget solder lugs for the ground 
connections to the phono jacks. 

The four corner holes on the circuit 
board must carefully be enlarged with a 
drill to 1/s-inch before mounting. After 
that's done, put four 6-32 screws into the 
chassis mounting-holes from the outside 
of the enclosure, and secure them with 
one nut apiece. Put a second nut on each 
screw and move it down until it is %-inch 
from the end. 

Push the circuit board down into the 
screws and , once the board has been 
pushed down to the middle nuts , screw on 
the last four nuts to keep it there. 

Connect the SPST switch and the input 
and output jacks to the board; label the 
jacks to avoid possible confusion later. 
Connect the 9-volt battery , and secure it 
in a convenient place with a battery clip or 
double-sided tape. Be sure none of the 
wires short to any other circuit point. 

Preliminary testing 
Now you're ready to test the converter. 

Use a shielded cable to connect the output 
of the converter to the antenna terminals 
(or jack) of the shortwave receiver . Tune 
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the receiver to 3.500 MHz . When you 
switch the converter on you should hear a 
strong unmodulated carrier on or near that 
frequ~ncy . Turn the receiver's BFO on 
(or switch the receiver to the USB posi­
tion). and tune in the carrier until you get 
a zero beat (the tone pitch gets too low to 
hear). Set the receiver' s dial to read ex­
actly 3.500 MHz. If your receiver has 
both "main-tuning" and " bandspread­
tuning"' controls. set the bandspread con­
trol to 3.500 MHz and tune the main­
tuning knob for zero beat. Leave the BFO 
on. o; leave the MODE switch in the USB 

position. 
What if you don ' t hear anything around 

3.500 MHz? That means that the oscilla­
tor is not working. The problem may be 
improper wiring , including solder 
bridges or cold-solder joints; an incorrect 
component-value ; a bad crystal ; a faulty 
component: or a dead battery. (I had a lot 
of trouble getting my oscillator to start up 
until I replaced the crystal.) 

To check the amplifiers and modulator, 
plug a piece of wire about 20 feet long 
into the input of the converter. You 
should hear a loud buzz at VLF frequen­
cies , and possibly well up into the LF 
band. You may also hear a lot of carriers . 
If you don ' t , there is something wrong 
with one of the amplifier stages . Again , 
check for improper wiring, an incorrect 
component value , a faulty component , or 
a weak or dead battery . Once you are sure 
that the circuit is working-, you ' re ready to 
put up an antenna . 

Not just any old wire lying on the 
ground, or thrown up into a tree , will 
work well at VLF and LF. Unless the 
right kind of antenna is used , all you ' ll 
hear is an overwhelming conglomeration 
of interference including AC-line buzz 
and cross-modulation products from the 
AM broadcast band . 

Antenna systems 
The importance of a good ground sys­

tem cannot be overemphasized for low­
band reception. Preferably , the house 
utility-ground should be used ; look for a 
pipe running down the electric meter into 
the ground. Cold-water pipes will also 
work fairl y well , but don ' t try hot-water 
or heating-system pipes . The ground con­
nection should be made to the shield at the 
antenna-end of the coaxial cable used to 
connect the antenna to the converter. 

For low-band reception , a loop antenna 
generally works best. It should be in a 
vertical plane , since VLF and LF signals 
tend to be vertically polarized . Such an 

(J) antenna can easily be tuned to the desired 
~ frequency , and has a narrow bandwidth, 
0 which is a necessity for rejection of noise 
g: and cross-modulation di stortion pro­
~ duct s. There are two possible con­
u:J figurations for a loop-type receiving an­
c) tenna: the open loop and the ferrite loop­
~ stick. Both are shown schematically in 
a: Fig . 4. 
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FIG. 4-0PEN-LOOP ANTENNA is shown in a; ferrite loop at b. 

An open loop 
An open loop consists of eight to 

twelve turns of insulated wire , mounted 
in the shape of a square, rectangle, or 
circle against a non-metallic wall , or be­
tween two non-metallic supports. The 
loop should have a radius of at least two 
feet. The larger the enclosed area of the 
loop, the better the signal pickup will be ; 
reception also improves with the number 
of turns used. Excessively large loops, 
however, will pick up a great deal of AC 
buzz and appliance noise , so there is a 
practical maximum size-limit. That limit 
will depend on the amount of noise in 
your area, and will have to be determined 
by experimentation. The loop should , of 
course, be placed as far away from AC 
wiring as possible. 

The loop should be tuned to, or close 
to , resonance at the desired frequency by 
means of a capacitor connected in parallel 
with it. The resonant frequency for a 
given capacitance C depends on the loop 
inductance L. Assuming that the loop is at 
least several feet away from large metallic 
objects, its inductance can be found from 
the formula: 

N2 1 Ah r L = :...:._-"'->1 _:...::.~ 

9000 
where L is in millihenries (mH) , A is the 
enclosed area of the coil in square inches . 
and N is the number of turns. If the coil is 
a perfect circle of radius r inches , then: 

N2r 
L = 9000 

Once you know the inductance of the 
loop. you can determine the amount of 
capacitance needed for a given frequency 
f. according to the formula : 

1000 
C = 4TI2f2L 

where Lis again in mH.fis in kHz , and C 
is in microfarads (gF) . 

The capacitance values generally re- · 
quired to tune an open loop to resonance 
range from about I 00 pF at 535 kHz to as 
much as 0.5 p,F for small loops at VLF. It 
is impractical to use variable capacitors 

PARTS LIST 

All resistors %-watt, 5%, unless 
otherwise specified 
R1 , R3, R4, R6, R?-10,000 ohms 
R2, R5, R8, R12-120,000 ohms 
R9- R11-100 ohms 
Capacitors 
C1 - C4-0.1 ,uF, ceramic disc 
C5-0.001 ,uF, ceramic disc 
C6-0.01 ,uF, ceramic disc 
C7-2 pF, ceramic disc 
Semiconductors 
01-03-2N2484 or equivalent 
04-2N5951 or equivalent N-channel 

JFET 
XTAL 1-3.500 MHz, parallel-resonant, 20 

pF (if necessary, a crystal of another fre­
quency may be used) 

L1-1 mH 
J 1 , J2-RCA phono jack, chassis mount 
S1-SPST toggle switch 
81-9-volt transistor battery 
Miscellaneous: "experimenter board" (see 

text), wire, battery clip, metal enclosure, 
antenna materials (see text) 

for tuning an open loop over a wide range 
of frequencies , simply because they don't 
make them big enough! That means you 
will have to switch among several fixed 
capacitors to obtain wide-band coverage . 
The easiest way to do that is to use a 
decade capacitance-box. Ceramic, Mylar 
or mica capacitors are best ; don ' t use 
electrolytics . 

It is important that the tuning capaci­
to'rs be placed at the antenna , and not at 
the converter end of the feed line because 
the line capacitance will have a detrimen­
tal effect on selectivity toward the upper 
end of the LF band. That will allow more 
cross-modulation distortion from the AM 
broadcast-band and give the illusion of 
LF signals where there are none . 

A ferrite loopstick antenna 
The inconvenience of having to switch 

among fixed capacitors for frequency 
adjustment can be overcome by the use of 
a ferrite loopstick antenna. (That ' s the 
kind of antenna that you find in most 

continued on page 102 
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" AMATEUR 
// MICROWAVE 

RECEIVER 

ONLY $89.95 complete with the following 
* 75 to 300-ohm balun * balun for rabbit ears 
* 20" fiberglass parabolic dish * low noise 
probe/down converter * 60 ft. factory made 
coax * 3 ft . coax * power supply * mounting 
hardware and instructions. All for only $89.95 
plus $5.00 shipping & handling Visa, Master­
charge or C.O.D. cash or certified check. 
NATIONWIDE G.H.Z., 6825 N. 16th St., 
Phoenix, AZ 85016 (602) 274-1199. 

CIRCLE 37 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 

YOUR SPACE 

• 6 x rate $550 per each insertion. 
• Reaches 220.500 reaoers. 
• Fast reader service cycle. 
• Short lead time for the placement of 

ads . 
• We typeset and layout the ad at no 

additional charge. ' 

Call 212-?n-6400 to reserve space. 
Ask for Arline Fishman. Limited num­
ber of pages available. Mail materials 
to : mini-ADS. RADIO-ELECTRONICS. 
200 Park Ave. South . New York. NY 
10003. 

TELEVISION MODULE includes VHF, UHF, 
and CABLE-TV TUNER, IF AMPLIFIER and 
VIDEO DETECTOR, SOUND DETECTOR 
and AMPLIFIER, SYNC and SCAN PRO­
CESSOR: $95.00. TELEVISION SIGNAL 
PROCESSING MANUAL explores standard 
and non-standard television: $15.95. Add 5% 
shipping and handling. Informative catalog: 
$2.00. VISA and M.C. accepted. ABEX, P.O. 
Box 26601-RT, San Francisco, CA 94126. 

CIRCLE 39 ON FREE INFORMATION CARD 

STOP 
- .. 

eollance galfiM• •tH#IIz• 

n''"""" (~" ,,;. t' 
...... J ~ "" 

vltl.o toRt,.el ••• ,, ••••m••• ....,.,.~.,, - ~ • .,..,.,.,. 

Make professional quality duplicates of your 
favorite (VHS, BETA) tapes with this state­
of-the~art controler. Includes: stabilizer: de­
feats rolling enhancer: preserves picture de­
tail at slow speed RF converter: simplifies 
real time viewing distribution amp: drive 3 
VCR's easy to build kit lowest price $133.00 
206-693-3834 M/C, Visa order now save 
10%.-VIdeo Control Inc., 3314 H Street, 
Vancouver, WA. 98663. USA 
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~ONITORJ 
.... Bimonthl NG TIMEs 
!':::.-~ ,_ Y Newsp 
,::.~.~ ... ::.~~ aper 
:$~~~;=:~~~~~.,-.. UTI<-~ 
~:::.~":'.:::<::.:.:: ~~-~.::i=.:-.. ":":!::~ 
?-::::;=:.~~~- ~':':'~ .... ~~ :.:;:::.:-:'7......::.::.:::· 
~~~ ~~~~::~::":.:::~~ 
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~~ ... 7:; ~::.: ·~'""':::"~;: 
~~-~~ ttot .... :;:~~-~ 
~04<"':$-~ ~ -'::\_'"·~~~~~..::---

§~~===i-~~:.;1~~~-- · 
How can I intercept smugglers? Secret 
satellites? Rescue Missions? Signals from 
space? What is the truth about antennas? 
Tuners? Preamplifiers? How can I choose 
the best receiver? Antenna? Uncover listen­
ing excitement you never thought possible! 
For your Free copy of MONITORING 
TIME8-CALL NOW! Toll-free 1-800/438-
8155 (Cont. US except NC). Others dial 1-
704/837-2216 or write Grove Enterprises, 
Dept. G, 140 Dog Branch Road, Brass­
town, NC 28902. 
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LOW.-BAND CONVERTER 
continued from page 50 

small , transistorized AM radios .) The 
arrangement shown in Fig . 4-b can be 
tuned from I 0 to 60 kHz or from 60 to 360 
kHz , depending on the amount of in­
ductance that is switched in by S I . The 
ferrite rod should be as big a one as you 
can get- 5 x %-inches is a good size to 
work with. The capacitor can be any com­
mon 365-pF or 400-pF receiving-type air 
variable. The exact number of turns 
needed on the ferrite rod, and the position 
of the tap , will depend on the size. and 
permeability of the ferrite rod used. The 
inductance required to tune I 0 to 60 kHz 
is 685 mH , and the inductance required to 
tune 60 to 360kHz. is 19 mH. Winding 
data is generally given with ferrite rods; 
the values can also be found by trial and 
error. Use fine enameled wire, such as 
No. 30 or 32, for winding . 

One advantage of the ferrite loopstick 
is that it can be easily positioned to null 
out man-made noise . Heating pads, 
electric blankets, vacuum cleaners , and 
hair dryers are notorious for their ability 
to saturate the electromagnetic spectrum 
with noise well up into the VHF range; at 
VLF and LF, they can be devastating! By 
turning the loopstick in both the vertical 
and horizontal planes , that kind of noise , 
as well as the AC buzz that always seems 
to hinder VLF reception, can be nearly 
eliminated. A ferrite loop will also pro­
vide you with a sharper degree of selectiv­
ity than an open loop . That insures still 
more noise immunity . 

The principal disadvantages of the fer­
rite loopstick are lower signal-capturing 
ability because of its smaller physical 
size, and the difficulty of locating a rod 
big enough to wind an inductor of 685 
mH . A military surplus shop is a good 
place to look for large ferrite rods. Elec­
tronics outlets also may carry them. 

My preference is the open loop, pri­
marily because of its superior signal­
pickup and ease of construction . At 
times , someone runs a hair dryer or 
vacuum cleaner, but my ham-band re­
ceiver has an excellent noise blanker, and 
that is satisfactory under all but the worst 
conditions . 

Dealing with noise 
The tuned-circuit resonance provided 

by the parallel capacitors, both with the 
open loop and the ferrite loopstick , give 
some noise reduction because they cause 
the antenna to have a narrow-band re­
sponse . Both antennas can be mounted on 
azimuth/elevation bearings (although 
that's very difficult with a large open 
loop), and positioned for minimum noise . 
If it cannot be rotated for a null in the · 
noise, the open loop can be used with a 
noise-cancellation circuit that often 
works remarkably well. Such a circuit is 



shown schematically in Fig. 5. 
Both the loop itself, and the noise­

pickup wire P, receive impulse noise 
generated by the surrounding appliances 
and utility wires . But the loop receives far 

L 
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CABLE TO CONVERTER 
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FIG. 5--0UT-OF-PHASE signals from wire "P" 
and loop "L" provide noise-cancellation. 

more of the desired signal-energy than 
wire P. Noise cancellation is obtained by 
first finding the loop connection (via S 1) 
that causes the noise picked up by the loop 
to be out of phase with the noise from P. 
Capacitor Cl is then adjusted until the 
noise inputs from P and from the loop are 
equal in amplitude. At that point , there 
will be a sharp drop in the receiver noise , 
but the signal level will not be af fected . 
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Turn telephones into control devices 
Teltone offers 10 DTMF Receivers. The larg­
est selection in the industry. With them you 
can turn the phone system into a control net­
work. They outperform other receivers in 
noisy environments and operate over a wide 
dynamic range. For PABX's, radio-to-phone, 
computer, and peripheral interfaces specify 
Teltone DTMF Receivers. Call: 800/227-
3800 X 1130. (In CA 800/792-0990 X 1130). 

CIRCLE 38 ON FREE INFORMATION CARD 

Ungar's new portable Extensive Care Unit 
features : two soldering irons, vacuum de­
soldering system, variable speed drilling­
deburring tool , a 3V AC variable power sup­
ply. Outlets: for soldering tweezer, thermal 
wire stripper; 12V DC for plating and power 
tools; SA, 115V AC for other equipment. 4900 
sells for $1 ,165. Demo at your Ungar Dis­
tributor, or contact Ungar, P.O. Box 6005, 
Compton, CA 90220, (213) n4-5950, 1-
800-421-1538. 
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117 PIECE PROFESSIONAL TOOL KIT­
This kit is just one of over 50 new tool kits for 
troubleshooting & repairing electronic equip­
ment offered in Contact East's new FREE, 
1983 catalog. 84 pages packed with test in­
struments, precision hand tools, soldering 
supplies plus many hard-to-find items. Order 
by phone or mail. Most orders shipped within 
24 hours. Contact East, 7 Cypress Drive, 
PO Box 160, Burlington, Ma. 01803. (617) 
272-5051. 
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APPLIANCE REPAIR HANDBOOKS-13 
volumes by service experts; easy-to­
understand diagrams, illustrations. For major 
appliances (air conditioners, refrigerators, 
washers, dryers, ranges, microwaves, etc.), 
elec. housewares, personal-care appliances. 
Basics of solid state, setting up shop, test 
instruments. $3.65 to $4.90 each. Free 
brochure. Appliance Service, P .0. Box 789, 
Lombard, IL 60148. 1-(312) 932-9550. 

CIRCLE 42 ON FREE INFORMATION CARD 

It may be necessary to experiment with 
various lengths of wire for P. If your 
receiver has a signal-strength indicator 
(S-meter) , the task can be simplified by 
noting the noise level with the loop only , 
and then adjusting Cl for an equal noise 
level using P only . If the noise level is 
always lower when using P alone than 
when using the loop alone, you will have 

to lengthen P. If the noise level is higher • £ • ~A ; · ~ftft f'f~~~· 
with P alone, you will have to shorten it. TUNER J MAGN~5 I AF\ ·M· , . ~ · · 
Ideally, Cl should be at the middle of its . (lnduJeJ) ! •90 D,b.:;Ll~ n · I · 
tuning range when the noise pickup i s ~ . '-·--~tl~ ".Ow + 
equal from both antennas. B + ' ::: · ~--·---,---

Once the two antennas are tied YAGI . , · , . · · .. ,~ [ 0. 
together, there will be some mutual- •75 Db Ga,n Sl4j,LJLJ LJ \ RG-5'1 + 
coupling effects that will require you to SUPER = ~iJilil ~~~;~~2~ 6:.;~~ 
~hoa;~~e:,ht~es:~~~: ;!h~d s~~5~~~~tg THE MEAN LITTLE KIT ~rJ~eoi n ~ g9DO fl E ~f~N~\~~L 
you close to the required length for p and New compact kit of electronic tools. In-
the required setting for c 1. eludes 7 screwdrivers, adjustable wrench, 2 MICROWAVE RECEIVER SYSTEMS. High-

The noise-cancelling circuit just de- pair pliers, wire stripper, knife, alignmenttool, est gain antennas available anywhere! 
stainless rule, hex-key set, scissors, 2- Guaranteed to out-perform any disc style 

scribed usually works better at VLF than flexible files, burnisher, soldering iron, solder systems. Amateur microwave reception from 
at LF-or-higher frequencies , and is more aid, solder and desoldering braid. Highest 2 to 3 GHz at 62 to 90 db gain. 3 Models-A-
effective against some kinds of noise than quality padded zipper case. Send check or MAGNASTAR, B- VAGI, and C- SUPER-
others. It will be oflittle value in reducing charge Bank-Americard, Mastercharge, or MINI. 1 yr. warranty: J & A ELECTRONICS, 
AM-broadcast cross modulation or atmo- American Express. The JTK-6 sells for 7515 Greenback LN., Citrus Heights, CA. 
spheric static . Still , I've found that it al- $95.00-Jensen Tools Inc., P.O. Box 95610. Tel. 916/723-3025, Checks, M.O., 
lows much better reception in the VLF 22030, Tempe, Arizona 85282, (602) 968- COD, Master Card or Visa. Add 5% for ship-
range, as compared with an open loop by 6231. ping; CA. residents add 6% sales tax. 
itself. R-E L__c_I_R_C_L_E_4_o_o_N_F_R_E_E_IN_F_o_R_M_A_TI_O~N_c_A_R_D _ __~ __ c_I_R_c _LE_ 82_ o _N_F_R_E_E_IN_F_o_R_M_A_TI_ o_ N_c_A_R_D__J 
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