DOUG’S DESK

BY DOUG DeMAW, WI1FB

CONSTRUCTION PROJECTS, TECHNIQUES, AND THEORY

ORN Squasher Upgrades

peared in June 1996 issue of CQ stimu-

lated more interest than | anticipated.
Equipment manufacturers and scores of ama-
teurs contacted me about the circuit. In the
course of communicating with people who had
built and were using the MK-Il unit, | gathered
ideas that inspired the development of the MK-
1} Squasher described here :

The W1{FB QRN Sguasher MK-H thai ap-

Some Problems Reported

! received scatiered reports of overioading
caused by nearby commercial AM broadcast

P.O Box 250, Luther, M{ 49656

stations | confess to a blind spol: The nearest
BC station to this location in northwest lower
Michigan is some 28 miles distant A high-pass
filter for correcting the problem is described in
this articie. The filter may be added to the ear-
lier MK-1i unit simply by cutting a PC board con-
ductor and inserting the filter at that location
(see fig. 1}.

Some builders chose to use separate switch-
es for the DC power and the bypass functions.
This caused damage to the output transistor in
the Squasher when transmitting if the power
ON/OFF switch was in the OFF position, there-
by preventing the T-R relay, K1, from cycling.
The MK-II! version has "back-door” protection
for those times when the user has cockpit trou-
ble. A 1/10 amp fuse protects the output com-

ponents of the circuit. A 50 mA pilot lamp may
be substituted for the fuse.

Circuit Additions

Fig 2isthe circuitforthe MK-1Il QRN Squasher.
Like its brother ihe MK-HI, it will null manmade
noise by up to 50 dB. The earlier Balance con-
trol Is eliminated to simplify adiustment. Phas-
ing transformer T3 has been added to replace
the function of the old Balance control. Now
there are but two controls to adjust for obtain-
ing a noise null

Noise amplifier Q4 is new . It permits using a
shorter noise antenna. This stage provides 10
dB of gain. The added boost allows the user to
carry the RF Gain control (R15) at a higher set-
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Fig 1- Schematic diagram of the MK-Ill QRN Squasher. Capacitance is in uF. Capacitors are mi

ni disc or matchhead ceramic, 50 or 100 V. Resistors

are /4 W carbon unfess olherwise indicated. K1 is a DPDT PC-mount 12 VDC, 16-pin DIP relay, Omron No. G5V-2-DC12 {Digi-Key no. Z768-ND).%
RFC1 is a miniature 2.7 mH AF choke. R14 and R15 are panel-mount, linear-taper carbon controls. 81 is a 3-pole, 3-position rotary wafer switch (1
position not used), Mouser No. TOWW033. T1 has 30 turns of No. 28 enam. wire on an Amidon FT-37-43 fersite toroid (850 p; }. Secondary has 10

turns of No. 28 enam. wire. T2 has 16 primary turns of No.
winding. T3 has 16 Irifilar tums of No. 28 enam. wire on an

28 enam. wire on an Amidon FT-37-43 toroid. Use 8 turns of No. 28 for the secondary
Amidon FT-50-43 toroid fobserve poiarity). W1 is a jumper wire.
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ting. This results in greater overall circuit gain
at the noise null.

Q2 has been changed from a source-follow-
ar JEET 1o a class A fed-back bipolar transis-
tor amplifier. This modification provides a sig-
nal increase of 5 dB over the MK-II version.

A second LED indicator has been added
(DS2). This is optional for those who wish o
iluminate a red LED during Transmit. This fea-
ture tells the operator that relay K1is switching

properly

Some Noise-Canceller History

Two CQ readers wrote letters in which they
mentioned early-day noise-cancelling tech-
niques that might be of interest to the readers.
Fig. 2 shows how a passive noise reducer cir-
cuit was configured in the early days of radio.
This circuit appeared in an old edition of the
Radio Handbook which was edited by Frank
Jones, WBAJF. The difficulty encountered with
this circuit was its critical adjustment, Al three
variable capacitors needed to be juggled until
a noise nuil occurred. Furthermore, as is true
of all passive circuits with their inherent losses,
there was moderate attenuation of the desired
signal. Also, the LC circuits had to be tailored
for sach band of operation. Conversely, modern
noise cancsllers are broadband devices that are
not lossy. They require no tuned circuits.
Circuits simitar 1o that in fig. 2 were used in
some WW |l military receivers for the purpose
of removing ignition noise during mobile oper-

The W1FB QRN Sguasher MK-1H1.

ation. A two- or three-turn certer-tapped link
was wound over the grounded end of the
receiver tuned circuit input coil and connected
to the tuning capacitors as shown in fig. 2.
Separate links were required for each band of
operation, thereby making the circuit awkward
to install and manipulate.

Theory of Operation

Most RE energy can be cancelled if the ampli-
tude of the two energies is equal and of oppo-
site phase {180 degree shift) Passive and
active QRN eliminators operate on this princi-
ple The desired signal, along with local man-
made noise of a specific phase and amplitude,
arrives atJ1 offig. 1. Noise and the desired sig-
nal arrive also via J2 from the shertnoise anten-
na. Energy from the noise antenna is amplified
by Q3 and Q4 after the desired phase reversal
is secured by means of Phase control R14
Noise of equal amplitude (set by R/15) and
opposite phase (R14) is combined in the drain
circuits of Q1 and Q3 to provide canceliation.
The resuitant “taundered” signal is amplified 15
dB by G2, then routed o the receiver via J3.
The question has been asked, “Why isn'tthe
desired signal cancelled, t00?” This was ex-
plained in the June 1996 CQ article, but some
amateurs took me 1o task on the Internet and
claimed my information was incorrect and my
circuit could not and would not work. it is my
understanding that none of the critics built and
tested the MK-Il Squasher They merely were
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Fig. 2— Circuit for an early-day L-C nolse-canceliing network for use ahead of a receiver.
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engaging in “Monday morning engineering.”

The desired signal energy is not cancelled,
because it arrives from both antennas with a
changing phase and amplitude. Signals refract-
ed from the sky are consiantly undergoing
phase, polarity, and amplitude changes. There-
fore, they are not affected by a circuit that re-
quires constant energy amplitude and phase.
Local noise generally remains at the same
amplitude and phase, which makes nulling a
simple matter without significant attenuation of
the desired signals. However, ground-wave
signals with constant amplitude and phase can
be nulled with the fig. 1 circuit TV birdies
{15 750 kHz horizontal oscillator harmonics)
can also be cancelled with the Squasher

High-Pass Filter

A 5-clement Butterworth high-pass filter is
shown infig 4. It attenuates signals befow 1.75
MHz to prevent overloading of the Squasher
from strong BC-band signals. Those who live
in urban areas may find it necessary to add FL1
at the point marked “X”in fig. 1. Do not use FL1
if it is not needed. Instalf 2 jumper wire (W1)
across the PC-board terminals provided for
FL1. T4 is included to effect an impedance
match between a 50 ohm antennz and the 1K
ohm resistive load presented by R15. Although
it is not essential to ensure a matched condi-
tion without FL1, the filter requires a proper fer-
mination in order to perform as designed Ifyou
are a perfectionist, you may wish to include T4
at point “X" of fig 1 even if you do not include
FL1. A slight improvement in overall gain can
be expected if this is done.

High Q capacitors of close tolerance are re-
quired for FL1. Polystyrene or silver-mica cap-
acitors are recommended for C12, C13, and
C14. No. 6 (yellow) powdered-iron toroid cores
should be used for L1 and L2 1o ensure high Q

Construction Dala

Various VHF JFETs are suitable at Q1, Q3, and
Q4 of fig. 1. Devices such as the J310 or the

Fig. 3- Interior view of the MK-II QRN Squasher. A regulated +12 V, 100
—-— mA power supply is used in this model.

Fig. 4— Circuit for a high-pass filter that can be inserted at “X™ in fig. 1 to
eliminate overioading from AM broadcast signals. C12, C13, and C14 are
polystyrene or silver-mica capacitors (or combinations thereof to obtair the
required values). L1 and 1.2 (2.7 uH} have 30 tums of No. 28 enam. wire on
Amidon T37-6 (yeliow) powdered-iron toroids, Keep ail leads short. T4 sec-
ondary has 16 turns of No. 28 enam. wire on an Arnidon FT-37-43 toroid.

Use 4 turns of No. 28 wire for the primary winding. *
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2N4416 are high-quality transistors that may be
used in place of MPF102s. The 2N4416s are
top-grade FETs. These have excellent pinch-
off characteristics and high g, Dual-gate
MOSFETs, such as the 40673 or 3N211, can
be used if the gates are joined to form a single-
gate FET.

A circuit board for this project is available.?
Itis arranged for a DPDT 16-pin DIP relay (see
fig. 5 for relay details). if you lay out your own
PC board, you may use any DPDT 12 volt DC
relay, such as those sold by Radio Shack.

Itis important o keep the leads between R14
and the PC board as short as practicable. This
helps ensure that the desired 180-degree
phase shift can be obtained. Furthermore, ex-
cessive lead length betweenthe board and R14
and R15 may cause the FETs to self-cscillate.
This can produce unwanted wide-band noise
that will mask weak signals. R17 in fig. 1 pro-

vides a load which prevents Q4 from self-oscil-
lating and creating wide-band noise. Without
R17 the short noise antenna exhibits an un-
wanted high impedance at the input of T3.

Fig. 3 shows the interior of the MK-li
Squasher. | inciuded a small 12 VDC power
supply for convenience of operation. The 120
VAC primary of the power supply is switched
on and off by S1C of fig. 1. A 05 amp fuse is
used in one leg of the 120 VAC line. A 12VDC,
100 mA walt transformer may be used to power
the Squasher.

1 created a computer-generated, paste-on
coverforthe front panel by means WordPerfect
6.0. A scale paftern is provided in fig. 6. A sim-
ilar layout can be made in WordPerfect 5.1 if
you have a computer. Create a figure box with
athick border and then add the labels. The pat-
tern is transferred to white posterboard with a
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DIP RELRY

01,a3,04

GSD

photocopy machine, sprayed with two coatings
T1,72

T3
1%“8 %g!
4
35 2 13 2%
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2N2222R CBE

Fig. 5- Pinout information for K1 and the transformers used in the fig. 1 circuit
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QRN SQUASHER MK-TII

k only instrument that gives you vector

Fig. 6-Scale template for the paste-on front panel

of clear lacquer, and then pasted on the front
panel of the enclosure with contact cement.
You can use the fig & pattern if you make your
project box from sections of PC board. | used
a computer A/B switch box that | bought for
$1.00 at a hamfest,

RG-174 miniature 50 ohm coax cable isused

for ali BF wiring between S1, the rear-panet RF
jacks, and the PC board. Ground the shield
braids of the cables at each end. This will min-
imize unwanied signhal leakage between the
input and output ports of the Squasher.

The large green LED (DS1) seen at the left
of the front-panel view is a s inch diameter unit

Intreducing QRP, by Dick Pascoe, GEBPS,
presents an introduction to the history and
skills of low-power operating in the United
Kingdorn. Since QRF operating is no dif-
ferent in the UK. than it is elsewhere in the
world, this is a book that should appeal to
low-power operaiors the world over.

Introducing QRP
By Dick Pascoe, GEBPS

The growing popularity of low-power
{QRP) operation has spawned another book
on this subject. The latest entry comes from
the United Kingdom. Introducing QRP is the
first book of its kind to originate in England. It
was written by well-known QRPer Dick
Pascoe, GUBPS, who operates Kanga
Praducts in the U.K. Dick’s theme is an intro-
duction to the history and skills of low-power
operating in the United Kingdom. He stress-
es that “power is no substitute for operating

skill.” It is warth noting that low-power oper-
ating in the UK. is no different than elswe-
here in the world Therefore, the book should
appeal to QRPers wortdwide.

There are ten chapters in the book, includ-
ing What is QRP?, History of QRP inthe UK.,
Typical QRP Equipment, Station Accessories,
Operating Skills, and Construction Tech-
niques, plus Simple Receivers, Simple Trans-
mitters, and Computers in the Shack. Two
appendices treat the Q codes in use today and
QRP clubs around the world.

The author takes the neophyte by the hand
and walks him or her through the subject of
QRP Experienced QRPers should find the
book a delightful reading experience for obtain-
ing the Brits’ slant on low-power operation.

Dick includes an overview of QRP clubs in
the U.K. and elsewhere in the world. QRP
ARCI (Amateur Radio Club International} in
the USA is discussed, along with the G-QRP
Club of England, of which 1 am a member. The
Rev. George Dobbs, G3RJV, is a principal in
the G-QRP Club. He is known worldwide for
his editorship of the G-QRP journal, SPRAT,
and for his technical contributions to the low-
power ait,

There is a discussion of modest but effec-
tive antennas for QRP operation. A simple,
practical receiver is described (The Sudden
Receiver). it uses two ICs for the complete cir-
cuit. Two inexpensive, easy-to-build CW
transmitters (The OXQ and ONER) are
detailed in the book Thase projects can be
built and made operational by almost any
beginner, regardless of his or her previous
workbench experience.

There are 74 pages of information in this
soft-cover booklet. It measures 6" x 81/2" and
is printed on quality white paper. There
are eight full-page photo of worldwide QRP
notables

Books may be purchased in the USA from
Bill Kelsey, NBET, 3521 Spring Lake Drive,
Findlay, OH 45840. E-mail to <Kanga@mail.
bright.net>. The author may be reached at
<dick@kanga.demon co uk>. Book price:
$10, plus $3 shipping.
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R-X NOISE BRIDGE

» Learn the truth about your antenna with the

impedance

This accurate quality instrument works on
dipoles, inverted Vees, quads, beams, trap
dipoles and verticals from 1 to 100 MHz.
Model AX-100 . .... ...... seee $89.95 |
+ $6 S&H U S & Canada Tax in Calif.

Use your RX-100 and your PC to take all read-
ings in the shack. Then plot antenna resistance,
reactance & SWR across the band. 3 5* disc
and manual

Model SMB-5 . . ..
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+ $6 S&H. Tax in Calif.

SWR/POWER METER

* Shows PEP instantly, accurately.
+ Shows SWR while you talk!

¢ Automatic. No **Cal”’ control

* Hemote sensor.

The quality meter that you can read across the
room. 20, 200, 2000 watt ranges 1 7-30 MHz

Model M-840 ............. .. $199.95
+ $6 S&H U S & Canada Tax in Calif.
For 12v DC

Model PS-95 AC Adapter . ... . $15.00

TOROID CORES

Palomar stocks a wide variety of cores and
beads. Iron powder and ferrite. For winding
‘coils, baluns, and for RFI suppression,

RFI tip sheet free on request. Tells how to sup-

press RFl in TVs, telephones. stereo, burglar

alarms, etc.

Mcdel RFI-3RFiKit . ........ ... $20.00
+ $6 S&H U S & Canada. Tax in Calif

Soives most household RFI problems

A Send for FREE catalog <o

£ PALOMAR

BOX 462222, ESCONDIDO, CA 92046
ORDERS ONLY 1-800-883-7020

ORDERS/TECH HELP 760-747-3343
FAX: 760-747-3346
e-mail: Palomar@compuserve.com
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SQUASHER MK-IIt

Fig. 7- Scale etching pattern for the MK-1li Squasher as viewed from the elched side

I purchased from Hosieli Electronics.2 A small-
et green LED of the type used at DS2 (far right
in photo) is also suitable .

Protective fuse 1, seen in the fig. 3 interior
view, is mounted near the PC board in a chas-
sis-mount fuse holder. Two insulating terminals
may be substituted for the fuse holder if you
carefully solder the fuse to them.

When looking at the interior view, you will
observe that the dropping resistors for the two
LEDs are outboard frorm the PC board. This
results from using a preliminary prototype
board that did notinclude the resistors. R10and
R16 are included on the final version of the MK-
Il PC hoard.

The likelihood of damage from transmitting

2GSRI

Fig 8- Parts-placement guide for the MK-Ilf Squasher as seen from the component side
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into the MK-[ll Squasher rear end can be avoid-
ed by using a 3-P, 2-position wafer switch at S1.
These switches can be purchased from Mouser
Electronics for a modest price.3 The toroid cores
for this project are available by mail 4

A scale etching pattern is provided in fig. 7.
A parts-placement guide is shown in fig. 8.

Adjusting The Squasher

Some of those who constructed the MK-I
Squasher reponrted difficulty in adjusiing the
controls for minimum noise without degrading
the desired signal. The easiest method for ad-
justment is to turn the Gain control to minimum.
then adjust R14 of fig. 1 for a noise null. Next,
advance Gain control R15 untii the noise is
heard weakly. Readjust the Phase control for
a nufl. Repeat these steps until a point is
reached where the Phase control no Jonger re-
duces the noise energy. For the earlier MK-lI
version, the Phase, Balance, and Gain con-
trols should be adjusted alternately in the same
fashion.

The length of the noise antenna must be
greater at 1.8 and 3 5 MHz than for the upper
part of the HF spectrum in arder to sample suf-
ficient noise. A wire length of 30 feet seems to
be a good compromise for 1.8 through 30 MHz
atmy QTH My noise antenna is parallel to the
power lines (100 foot distance) and 4 feetabove
ground in a horizontal format. You should ex-
periment with the length, polarity, and location
of your noise antenna for best results Sampling
the noise from your AC power line by means of

a toroidal pickup transformer and routing the
energy to J2 of fig. 1 may siiminate the need
for an external noise antenna. Power-line noise
sampling was used suceessfully for noise can-
ceilers in the past.

Installation

The Squasher is inserted between the 50 chm
station antenna and the receiver or transceiv-
er. if you use a linear amplifier, you may install
the Squasher between the fransceiver and the
amplifier. The relay control line for the trans-
mitter and linear amplifier must be connected
to J5 (TR Control} of fig. 1. This actuates K1 to
permit switching around the Squasher during
transmit Note: Belay faiture will cause fuse F1
to blow, thereby protecting the Squasher The
MK unit will safely accommodate up to 100
watts of RF power during transmit

Summary Remarks

Itis important o realize that this QRN Squasher
and similar devices are not effective for reduc-
ing atmospheric noise such as static crashes
They wilt work, however, for eliminating coro-
na static from an antenna. Also, the Squasher
can null only one noise energy at a given time.
Manmade noise from additional sources will
still be heard. 1 have been asked if two
Squashers in series would be effective when
two noise sources exist In theory, yes. | have
not tried that technique

There are times when the Squasher causes
a slight reduction in signal strength at the noise
nufl. Generally, this does not exceed one S unit.
Conversely, depending upon the type of noise
present, there is a signal gain of up to one S
unit when using the Squasher.

| have been asked if this circuit can be used
at 146 MHz. Design changes would be required
for effective VHF operation The bypass and
coupling capacitors, and the broadband trans-
former cores, would have to be changed from
the fig. 1 values Shorter and wider connecting
leads and PC board conductors would be
mandaiory toward ensuring circuit balance and
overall gain. The MK-Il and MK-Ill models are
effective from 500 kHz to 50 MHz

Fooinotes

1. FAR Circuits, 18N640 Field Court, Dundee,
1L 60118 Fhone 847-836-9148 to order. Price:
$4.25 plus $1.50 s&h

2. Hosfelt Electronics, 2700 Sunset Blvd.,
Steubenvilte, OH 43952. Phone 1-800-524-
6464 to order. Catalog available

3. Mouser Electronics, 2401 Highway 287
N., Mansiteld, TX 76063-4827. Phone 1-800-
346-6873 to order. Catalog available

4, Amidon Associates, inc., 250 Briggs Ave.,
Costa Mesa, CA 92626. Phone 714-850-4660
to order. Catalog available.

5 Digi-Key Corp., 701 Brooks Ave. S., Thief
River Falls, MN 58701-0677. Phone 1-800-
344-4539 to order Catalog available.

2 M
Mobile

CALL TODAY! We have a good supply of used equipment, mobile antennas, amplifiers, accessories and power supplies all
at competrtfve prices. Calf Ray's today for the best price.
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