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CIRCUIT CIRCUS 
By Charles D. Rakes 

More NE602· 
Based 

Circuits 

This time around we're 
going to continue from 

where we left off last month 
and explore a few more 
circuits built around the 
NE602 double-balanced 
mixer. In case you missed 
the last installment of Circuit 
Circus, here's a brief de
scription of the NE602. The 
chip's 8-pin package con
tains a voltage regulator, an 
on-board oscillator, an in
put-differential amplifier, 
and a "Gilbert-cell" mixer. 
The oscillator can operate 
at frequencies up to 200 
MHz, while the mixer circuit 
offers about 18 dB of gain 
with a noise figure of less 
than 5 dB. Its current re
quirement is normally less 
than 3 rnA, making it a 

. good choice for use in por
table equipment. 
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Fig . 1. The VLF CW-SSB-AM receiver-built around the 
N£602--can be used to tune a number of beacons and several 
mysterious RF signals that appear between 150kHz and 250kHz. 

Once again, if you can
not locate the NE602 
locally. it can be purchased 

by mail from D.C. Elec
tronics, PO Box 3203, 
Scottsdale, N. 85271-3203; 
Tel. 1-800-423-0070. Con
tact them directly for 
pricing and shipping infor
mation, etc. 

VLF CW-SSB-AM 
RECEIVER 

Our first circuit-a VLF 
CW-SSB-AM receiver, see 
Fig. 1-can be used to re
ceive a number of beacons 
and several mysterious RF 
signals that appear be
tween 150 kHz and 250 kHz. 
The circuit, built around the 
NE602 (U1), has at its input a 
2N3904 general-purpose 
transistor set up in an emit
ter -follower configuration. 
That transistor functions as a 
buffer between the anten
n.a and input of U1. 

Inductor L 1 and capaci-

tor C7 form a simple low
pass filter that is used to 
attenuate RF signals above 
the 250-kHz level and to 
keep strong AM-broadcast 
signals from getting into U1's 
input circuit. Components 
L2, C8, C9, and C11 com
prise a tuned circuit, which 
sets the operating frequen
cy of U1's internal oscillator. 
Capacitor C11, a 365-pF 
broadcast-variable capaci
tor (which can be salvaged 
from an old broadcast re
ceiver or purchased new), 
is used to tune the oscillator 
from about 150 kHz to 250 
kHz. 

The signal picked up by 
the antenna (not shown) is 
fed through the buffer (Q1) 
to the input of U1 at pin 1. 
Within U1, the incoming RF 
signal is mixed with the lo
cal-oscillator signal. The 
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Fig . 2. In this metal-detector circuit, transistor QI (a 2N3904 
general-purpose transistor) is configured as a Colpitts oscillator. 
When sense-loop Ll is brought near metal, the loop's inductance 
changes, shifting the oscillator's operating frequency. 

resulting balanced-audio 
output of U~ at pins 4 and 5 
is fed to the primary wind
ing of an audio transformer, 
T1. The transformer's sec
ondary is connected to the 
input of an LM386 low
power audio amplifier (U2) 
through volume-control po
tentiometer R6. The output 
of U2 is then used to drive 
SPKR1. 

This type of receiver is 
commonly referred to as a 
DC receiver (direct-con
version receiver). The RF 
input is converted directly 
to audio by mixing the in
coming RF signal with the 
signal produced by the lo
cal oscillator. which is tuned 
to about the same frequen
cy. The DC receiver is one 
of the simplest and most 
sensitive receivers you can 
build. 

The antenna for the VLF 
receiver should be as high 
and as long as possible for 
the best reception of long
wave signals. although a 
short antenna will work well 
enough to pull in a few of 
the stronger signals. In any 
case, you may find that 
experimenting with an an
tenna system can be just as 
much fun as building the 
receiver itself. 

METAL DETECTOR 
Our next entry. see Fig. 2, 

places the NE602 at the 
center of a simple yet sen
sitive metal detector. 
Transistor Q1, a 2N3904 
general-purpose NPN tran
sistor, is connected as a 
Colpitts oscillator, operating 
at a frequency of about 
250 kHz. The oscillator's in
ductor, L 1. serves as the 
metal sensor. When the 
loop is brought near a met
al object the loop's 
inductance changes, ~aus
ing a shift in oscillator 
frequency. which is transmit
ted to pin 1 of U1. 

Integrated circuit U1's in
ternal oscillator is also 
operating at a frequency of 
about 250 kHz. When the 
two oscillators are operat
ing at or about the same 
frequency. U1's mixer output 
at pin 4, is an audio tone 
that equals the difference 
frequency of the two os
cillators. ~f the loop 
oscillator is operating at 
250 kHz and the local os
cillator is operating at 250.5 
kHz. the audio tone would 
be the difference of the 
two, or 500 Hz. 

The audio tone passes 
through a low-pass filter. 
made up of L3 and C8. 

EARN YOUR 

B.S.E.E. 
DEGREE 

THROUGH HOME STUDY 
Our New and Highly Effective Advanced-Place
ment Program for experienced Electronic Tech
nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re
duce the time required to complete Program and 
reach graduation. No residence schooling re
quired for qualified Electronic Technicians . 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S. E. E. Degree. Up
grade your status and pay to the Engineering 
Level. Advance Rapidly! Many finish in 12 
months or less. Students and graduates in all 50 
States and throughout the World. Established 
Over 40 Years! Write for free Descriptive Lit
erature. 
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CIRCLE 11 ON FREE INFORMATION CARD 

DIGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPY 
PROTECTIONS 

While watching rental 
movies, you will notice an
noying period ic color 
darkenrne. color shift, un
wanted lines, flashing or 
jagged edges. This is 
caused by the copy protec
tion jamming signals em
bedded In the VIdeo tape, 
such as Macrovlslon copy 
protection. Digital Video 
Stabilizer: RXII completely 
eliminates all copy protec
tions and jamming signals 
and brings you crystal clear 
pictures. 

FEATURES: 
• Easy to use and a snap 

to Install 
• State-of-the-ari In

tegrated circuit technol-

• ~automatic- no 
need for any 
troublesome adjust
ments 

e Compatible to all types 
of VCRs and TVs 

• The best and most excit
Ing Video Stabilizer In 
the market 

• Ught weight (8 ouncesJ 
and Compact (1w3.5x5 ) : ~.:.u1:~~:~~~~ ~~c~x 
battery which will last 1-
2years. 

WARNING: 
sco 
Electronics and 
RXII dealers do 
not encourage 
people to use 
the Digital 
Video Stabilizer 
to durlicate 
renta movies 
or copyrighted 
video tapes. 
RXII is in
tended to stabi
lize and restore 
crystal clear 
picture quality 
for private 
home use only. 

( Dealers Welcome ) 

ToQrder: $49.g5 ea + $4 for FAST UPS SHIPPING 

1-800-445-9285 or 516-568-9850 
Visa, M/C, COD M-F: 9-6 (battery not Included) 

SCO ELECTRONICS INC. 
Dept. CPEB 581 W. Merrick Rd. Valley Stream NY 11580 

Unconditional 30 days Money Back Guarantee 
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and then travels on to the 
headphone jack (J1) 
through coupling capacitor 
C12. When the sense loop is 
passed over a metal ob
ject, the Colpitts oscillator's 
frequency is shifted, caus
ing the audio tone to 

change, thereby indicating 
that metal has been de
tected. 

Inductor L 1 is a home
made coil, made from 5 
turns of #20 enamel
coated copper wire wound 
on a 9-inch diameter wood 

~----------~--------~--------------~----~--------~---.+9V 

SPKR2 

+9V 

. 3 . The ultrasonic motion detector uses two speakers; one to emit a signal, and the other to 
detect the reflected signal. If motion- which causes a slight shift in the emitted signal frequency
is detected, the difference between the emitted and reflected signal is used to sound a buzzer. 

or plastic form. Atter wind
ing the coil. tape the 
windings in place and at
tach a non-metallic handle 
to the search loop. The coil 
should be connected to 
the circuit via shielded mike 
or mini-coaxial cable. 

To obtain the best oper
ating stability. the metal
detector circuit should be 
neatly assembled (keeping 
the component leads as 
short as possible) and 
housed in a metal cabinet. 
Transistor Q1 and its associ
ated components should 
be located away from U1 
and its support compo
nents, so that the two 
oscillators won't lock to
gether when the circuit is 
tuned for a very low-fre
quency, audio-output tone . 
A standard 9-volt transistor
radio battery will do for the 
power source. 

(Continued on page 88) 
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CIRCUIT CIRCUS 
(Continued from page 7 4) 

To use the circuit. position 
the search loop away from 
any metal object and ad-
just C9 for a low-frequency 
audio tone. It is much easi-
er to detect metal objects 
at greater distances from 
the search loop if the out-
put-tone's frequency is very 
low. Thafs becaus'e it is 
much easier to detect a 
two- or three-hertz change 
at 15 Hz than at 150 Hz. 
Therefore, it is wise to set C9 
for the lowest possible out-
put frequency for maximum 
sensitivity. When searching 
for buried objects, position 
the search loop parallel to 
the ground and about one 
inch above its surface. Then 
simply sweep over the de-
sired area. 

ULTRASONIC MOTION 
DETECTOR 

Our final entry for this 

HAM RADIO 
(Continued from page 79) 

tenna input terminal of the 
receiver. In any transmission 
line, the load impedance 
will be "reflected" every 
half wavelength along the 
line. When the line is exactly 
an electrical half wave
length, the input 
impedance looking into the 

month, shown in Fig. 3, 
places the NE602 in the 
middle of an ultrasonic mo-
tion-detector circuit. The 
component values shown 
for L2, C3, and C7 set U1's 
internal oscillator to a fre-
quency of about 20 kHz. 
Transistor Q2 is connected 
in an emitter-follower con-
figuration and is used to 
isolate the local oscillator's 
tank circuit from loading 
effects of the speaker-driver 
circuit. It is also used to 
couple the 20-kHz oscillator 
signal to the input of Q3 
(the speaker driver). Tran-
sistor Q3 increases the 
signal to a level suitable to 
drive a piezo tweeter, 
SPKR2. 

A second piezo speaker, 
SPKR1. operating as a mi-
crophone, is connected 
across L 1 (a 1.8-mH choke), 
which greatly attenuates 
any low-frequency sounds 
that might reach the speak-
er and interfere with the 
circuits operation. That 

line is the same as the load 
impedance. 

In the half-wavelength 
shorted stub, the load im
pedance is zero ohms 
because of the short circuit. 
That zero-ohm impedance 
is reflected every half 
wavelength, so appears 
across the input end of the 
line. Thus, because the 
physical length that creates 
an electrical half wave-

The Optoelectronics APS-204 six-octave, tunable, bandpass filter 
maintains a constant 4-MHz bandwidth over a range of20 to 
1000 MHz. 

high-pass filter passes the 
20-kHz signal to the input of 
a grounded-emitter ampli-
tier, Q2, and on to the input 
of U1 at pin 1. 

A low-pass filter made up 
of L3, C8, and C10 allows 
frequencies below 50 Hz to 
pass to the input of Q4, 
another grounded-emitter 
amplifier. Diodes D1 and D2 
convert the low-frequency 
signals to DC, which is then 
used to bias Q5 on, causing 
BZ1 to sound. 

The operation of the mo-
tion detector is simple. The 
two piezo speakers are lo-
cated side-by-side, with 
about 1-inch separation 
between edges and facing 
in the same direction. One 
speaker. SPKR2, operates as 
an output device, sending 
out a 20-kHz signal, while 
the other speaker, SPKRt 
operating as a mike,.picks 
up any reflected 20-kHz 
sound. As long as there's no 
movement. the frequency 
picked up by SPKR1 is the 

length is frequency 
dependent. the "shorf' ap
pears only at the resonant 
half wavelength of: 

Linches = 5904 V/ fMHz 

where Linches is the length 
of the transmission line in 
inches, fMHz is the offending 
frequency in MHz, and V is 
the velocity factor of the 
transmission line (use 0.66 
for polyethylene line, and 
0.80 for foam line). Always 
use the same type of line 
for the stub that you used 
for the transmission line. 

In UHF systems, you can 
also use a tuned cavity (Fig. 
4). They act very much like 
a shorted, half-wavelength 
stub at a single frequency, 
and can be tuned. A tuned 
cavity can be bought com
merc ially by some repeater 
operators, but they are very 
expensive. They are also 
sometimes available on the 
surplus market and at ham
tests. Older editions of The 
Radio Amateur's Handbook 

same as the frequency 
leaving SPKR2. 

But when an object 
moves in front of the speak-
ers the 20-kHz sound is 
slightly shifted in frequency 
due to the Doppler effect. 
The difference in frequency 
is picked up by SPKRt am-
plified by Q1, and fed to pin 
1 of U1. If the reflected 
signal is 20,010 Hz and the 
transmitted signal is 20 kHz, 
the difference frequency is 
10 Hz. The 10-Hz signal ap-
pears at pin 4 of U1 and 
then passes through the 
low-pass filter to the ampli-
fier and sounder circuits. 

The motion detector can 
detect a person passing in 
front of the speakers as far 
as 10 feet away; smaller 
objects must be closer. The 
rate of movement also 
makes a difference in the 
detection range of the cir-
cult. A faster moving object 
will produce a greater out-
put and will be detected at 
a greater range. • 
and The Radio Amateur's 
VHF Manual (both ARRL 
publications) had instruc
tions for building your own, 
so a little research might 
yield good results. 

Another pricey, but other
wise attractive, solution is 
the new Model APS-204 
bandpass filter (from Op
toelectronics, 5821 N.E. 14th 
Avenue, Fort Lauderdale, FL 
33334; Tel. 305-771-2050). 
That high-Q, six-octave, 
tunable bandpass filter 
maintains a constant 4-MHz 
bandwidth over a range of 
20 to 1.000 MHz. It's an 
active filter, so it produces 
no insertion loss-the nor
mal bane of filter users. 
Don't bother asking about 
the APS-204 unless you can 
go the price: $995. I sus
pect that repeater 
operators with a real prob
lem will find it cheap, 
however, because many of 
the other solutions to severe 
problems cost a similar 
amount. or more. • 




