THE WEST RAND AMATEUR RADIO CLUB

November 2001
Volume 2, Issue 5

ANODE

Inside this

issue:

Editor’s
Comments
WHY I 1
BECAME

AN

AMATEUR

An 2
Automatic

FM

Deviation
Meter
V.S.W.R. 5
Automati-
cally!

Special points of
interest:

. Measure
V.S.W.R
automati-
cally

* Check
your devia-
tion for the
new band
plan.

O Contact

details on
back page

Editor's Comments

We have quite a few
good  articles this
month. John Friend has
bared his sole regard-
ing why he became an
Amateur. The FM de-
viation meter came
from that great maga-
zine Radio & Electron-
ics World. Unfortu-
nately it disappeared
in the late ‘80s.

The magazine’s disap-
pearance tells us that
electronic construction
and experimentation is
on the decline. Most

youngsters today would
rather surf the Internet,
take up fishing or watch
celebrity tennis.

Nappy New Year

Its time to plan your New
Years Resolution. After
all if Christmas started in
the malls in October,
surely it is ‘now’ New
Year in the mall.

Maybe your resolution is
going to be that 10MHz
antenna project. You
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know the one that uses
the washing line
draped on a set of
spokes mounted on a
pole in the back yard.
Its really a DDR an-
tenna with a low angle
of radiation. It also
dries out the washing
rapidly and makes it
glow in the dark, just
like the adverts on tv!

In this day and age

does your hobby inno-

vate like others?
(Continued on page 3)

WHY I BECAME AN AMATEUR

My first insight to Ama-
teur Radio must have
been in the late sixties.
With JOTA just having
come and gone this
made me think of the
time when I was a boy
scout, it was at this time
I first saw Amateur Ra-
dio in use. At the time it
seemed quite magical
that you could talk to
someone else who lived
in another part of the
world by another
means other than the
telephone. Being young
at the time my inten-
tions were more about
playing soccer and be-
ing with my friends and

never thought about this
means of communication
again until the late sev-
enties. At this time it
came to light once more
when the Four Wheel
Drive Club organized a
desert race in Botswana
of a thousand kms where
radio Amateurs were
placed every 100kms to
help the organizers keep
a check on the progress
of the race and any inci-
dent that might have oc-
curred. Their service was
of tremendous help and
still is today. It was also
about this time that 3
4WD clubs got together
and formed ORRA (Off

Road Radio Association)
made up of the following,
4WD Club of SA, Jeep
Club SA and the Land
Rover Owners Club SA.

The Association ap-
proached the Post Office
and applied for a Group
Licence and the Associa-
tion held the licence and
members of ORRA were
given a call sign within
the group, this was before
the time of CB and the li-
cence was for 3 channels
on the 27MHz band. My
first radio was a small
Pace, which at the time
sufficed its purpose; my

(Continued on page 2)
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WHY I BECAME AN AMATEUR

(Continued from page 1)
second was a Johnson Viking,
which was a SSB, set (Hot Stuff).

The Association was ap-
proached in about 1979 by the
Post Office and asked if we
would like to stay on 27MHz, as
they were going to open CB in
the country, or move to
29megs, a decision was made
to move. I must say that it was a
lot of fun to have communica-
tion between vehicles when in
convoy. The Association grew
to such a stage that we were
also granted two Base Station
Licences. One was placed at St.
Giles Home in Johannesburg
and the other in Pretoria. You
could give a call at most times
throughout the day and then be
able to speak to someone
within the Association. As we
all know your distance is lim-

ited by the power you use and
5 watts is not a lot. Having
seen what Amateurs could do
with their equipment and be-
ing frustrated with the limited
distance we could talk, in
1992 six of us from the Four
Wheel Drive Club joined
Garth’s classes at the West
Rand Radio Club where we
were taught the basics of ra-
dios, antennas, propagation
which we needed to know for
the RAE exam.

Most of us passed the first
time and can you believe it 2
failed on the regulations,
which they duly passed the
next sitting, bearing in mind
that this exam was written at
the Joubert Park Post Office it-
self in those days. I had to ap-
ply directly to Pretoria Post
Office for my call sign. It’s a

An Automatic FM Deviation Meter

An FM Deviation Meter cover-
ing CB, Amateur and PMR allo-
cation from 20-175MHz.

Part 1 covers the circuitry and
theory of operation while Part 2
gives constructional informa-
tion and ideas for adding per-
centage AM readout. This arti-
cle takes the basis of the CB
Band Deviation Meter (R&EW
October 1981) and expands it
into a fully automatic meter
covering 20-175MHz (500MHz
with reduced accuracy).

The operation of the instrument
is such that it will lock on to any
signal applied to the input. Pro-
vided of course it is in the
working frequency range and

of sufficient level (>20mV)

If that signal is FM the fre-
quency deviation will be dis-
played on the meter, if AM is
present the brilliance of the
AM LED will vary with modu-
lation.

Two switched ranges of
2.1kHz and 10kHz deviation
are provided. An audio out-
put is available allowing the
AF waveform to be displayed
on an oscilloscope.

Theory of operation

The block diagram (Figure 1)
gives insight into the opera-

funny thing when we all be-
came ZR’s we never spoke to
each other on 2 meters, not
even to my late Dad ZR6FRI,
but plenty on 29megs. I think it
must have been too much of a
drastic change from being very
informal when call signs were
given only as a means to let the
others know who you wanted to
talk to and never given again
during the conversation,
whereas Amateurs are a lot
more formal as call signs are
given at the start of transmis-
sion and at the end. The one
and only QSO I had was using
Jeff Simpson’s (ZS6AUG now
ZS5AUG) equipment at the bak-
ery to the one and only Vince
( ZS6RU).

It has taken me 9 years to com-
plete the cycle from being a ZR
(Continued on page 3)

tion of the circuit as a whole.

Signals in the range 20-175MHz
applied to the input pass
through the high pass filter and
attenuator, to the RF port of the
mixer. If an oscillator is con-
nected to the mixer LO port
and its frequency is +/-
10.7MHz from the input signal,
the product will pass through
the IF amplifier.

The oscillator being used is
swept in frequency from 30-
58MHz. Therefore if the input
signal is in the range 19.3 to
65.7TMHz at some point during
the sweep a product will be
present in the IF amplifier. By

(Continued on page 3)
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(Continued from page 2)

to ZS and this only came about
when I joined the West Rand
Club to keep up my interest in
the hobby (motivation) to
achieve my dream and have
that magical feeling of being
able to communicate with
friends. I have learnt a lot and
met a group of nice people at
the West Rand Radio Club.

73
ZS6F]
FRIENDLEIGH JOHN

PS The only problem now is
that I am too shy to speak on
the air.

Editors Comments

(Continued from page 1)

Philip’s recent talk on NiCad/
rechargeable batteries brings
to light how Amateur Radio
can help us make more of
what we have. Most of us and
the cell phone masses have
been maltreating our batter-
ies for years!

‘HF Rage’

It seems the ‘old fogies’ have
yet again managed to dis-
courage some more ZR’s from
becoming ZS’s by rejecting
their participation in a con-
test. The claim was that ZR’s
are not allowed to take part in
HF contests even if super-

An Automatic FM Deviation Meter

(Continued from page 2)

generating the second and
third harmonic of the oscillator
and adding them to the funda-
mental, the input range is in-

10.7MHz IF/Demod.

The IF amplifier is 300kHz wide
(10.7TMHz +/- 180kHZ) and the
FM demodulator 'S' curve is lin-
ear over that bandwidth.
Therefore a CW signal within

TDA4421

lncc

Harmonic

veo
30-55 MHz

Sweep Generator

Voltage
Comparator

e

Figure 1: The block diagram

creased to 19.3 to 175.7MHz
(Figure 21.

the IF passband will give a DC
output from the FM demodula-
tor. This DC voltage will be de-
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vised by ZS’s. Why should the
youngsters retain any interest
in Amateur Radio or becom-
ing a ZS, if they are going to
have to contend with you lot!

The West Rand Xmas Party
and Tree

Have you kids that would
want to come to the Christmas
Tree? Then fill in the form
that was in the previous An-
ode. There will be a braai af-
ter the Xmas tree. Please
bring everything you need,
but the booze. The bar will be
open.

pendent on the signals posi-
tion on the 'S' curve (See Fig-
ure 3). The FM demodulator
output is connected to a pair
of voltage comparators. These
act as a window detector
sensing when the DC voltage
applied to them, is between 3
and 8 volts (Linear region of
the 'S' curve).

A sweep generator producing
a linear ramp is sweeping the
VCO (Voltage Controlled Os-
cillator) over the range 30-
58MHz. The sweep generator
develops a voltage across a
capacitor which is connected
to the frequency controlling
element of the VCO. When an

(Continued on page 4)



Page 4

An Automatic FM Deviation Meter

(Continued from page 3)

output is given from the win-
dow detector, the control volt-
age is held at that instant by
being stored in the capacitor.

This means that if while the
VCO is being swept, a signal
appears in the IF amplifier,
causing a DC output within the
detected window. The fre-
quency of the VCO will be held
at that point, keeping the signal
within the IF pass band. Thus
the instrument will 'lock' onto
the applied input signal. If the
IF signal moves outside the lin-
ear region of the 'S' curve, the
sweep circuitry will again be
activated until lock' is again es-
tablished.

500MHz with increased settling
time.

The operation is slightly more
complicated than this, because
the FM demodulator DC output
can be within the window when
no signal is present. To over-
come this the AFC output is re-
quired to be above a certain
level before the sweep can be
inhibited. This is simply accom-
plished by combining AGC and
voltage comparator outputs in a
logic OR gate. The OR gate out-
put inhibits the sweep genera-
tor and illuminates a 'lock' LED.
If the input signal is frequency
modulated when the circuit is in
the 'locked' condition. The sig-
nal will be demodulated, the

INPUT
FREQENCY
% ]
i 1 Fregency
I (MHz )
t + + >
0 140 160 180
vco
FREQENCY
Second Harmonic
Third H;rmonic
Figure 2:

Bar diagram showing the VCO frequency range and its harmonics - together
with the input frequency range. Operation at higher frequencies (although
possible with increased ‘itter’) is not shown bere. The circuit will work up

to 500MHz with increased settling time.

Figure 2: Bar diagram showing
the VCO frequency range and
its harmonics - together with
the input frequency range. Op-
eration at higher frequencies
(although possible with in-
creased Yjitter') is not shown
here. The circuit will work up to

audio being passed through the
AF amplifier. The amplified au-
dio is then detected and the re-
sultant DC used to drive a me-
ter calibrated in kHz frequency
deviation.

Circuit description

The input 20MHz high pass
consists of Cl, C2, C3, Ll and
L2. A pin diode DI shunts the
signal path at high signal lev-
els avoiding over-driving of
the SBL-I mixer. The double
balanced mixer greatly eases
the design of the circuit, pro-
viding wide frequency range,
good isolation, and superior
cross modulation perform-
ance. A ]J310 J-FET (Q2) is
used for the VCO in a Hartley
configuration. A high capaci-
tance swing wvaractor (D6)
tunes with L3 to comprise the
resonant circuit.

The tap on L3 provides a low
impedance point to drive the
multiplier Q3. The BFW92
makes a high efficiency multi-
plier. Limiting the collector
current through the device
with the high wvalue of R17
(470R) results in a relatively
flat amplitude/frequency re-
sponse. The level into the
mixer LO port is about 5mW.
IC1 is a combined AM and FM,
IF amplifier and demodulator
working at 10.7MHz. Trans-
former T2 centres the FM de-
modulation point, while T3
provides the AM and AGC
tuning. Audio output from the
FM section is amplified in IC2
and then rectified by D7 and
D8. As the meter would read
maximum with no signal pre-
sent (due to noise from the FM
demodulator), the meter is
clamped by transistor Q4.
This transistor being turned
on, when the instrument is in

(Continued on page 11)
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By Cary L. Anderson
WBOCWP 1528 34th Street S.
E. Cedar Rapids IA 52403

Simplify antenna matching
with this self-calibrating
tune-up aid

The antennas used at my sta-
tion have always been sim-
ple-usually a dipole cut for
80 meters, fed with about 52
feet of 300-Ohm twinlead and
tuned with a transmatch, re-
sulting in complete 80
through 10 coverage. The
one station accessory always
present is the common v.s.w.
r meter.

Over the years, I have used
two types, the single-meter
version, with the adjust pot
and forward-reflected switch,
and the dual-meter wversion,
with only the adjust pot.

The Problem

Assuming you have used one
or both of the above exam-
ples, you know the frustration
of trying a new antenna,
changing bands, or even just
moving within a band. There
are at least a half-dozen ad-
justments to make to get
tuned up: grid, plate, and
loading on the rig, assuming
tube finals which most of us
have, full scale forward set,
and forward-reflected switch
on the v.s.w.r meter, and, fi-
nally, two or three adjust-
ments on the transmatch.
This can be quite a juggling
act. There are times when v.
s.w.r decreases and so does
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Photo A. finished design of pawer sensor, dual wattmeter, and automatic vswr meter

forward power, and times
when forward power in-
creases as well as v.s.w.r.
During tune-up, the transmit-
ter. power level constantly
changes due to a changing
load and so does the v.s.w.r.
Indications change so drasti-
cally that, in some cases,
quite a bit of time is used
hunting for resonance. This
can result in lost contacts and
some worry to those who own
rigs with solid state finals.
This all occurs because the
standard v.s.w.r meter is also
sensitive to power level and
this condition helps mask
what we are really trying to
do; correct-the source-to-
load mismatch.

The Solution

What is needed is a v.s.w.r
meter which does not react to
power levels, but displays
only the mismatch. Tune-up
would then only require: (1)
nulling the v.s.w.r

Power Sensor and Dual

Wattmeter

Fig. 1 shows the schematic of
the power sensor and dual
wattmeter.

The power sensor was de-
signed around two circuit
boards and their associated
parts purchased from the
Heath Company. The circuit
board comes from Heath's v.s.
w.r wattmeter kit. The 200-
Watt adjustment is the same
as the original Heath design,
but the line used for forward
v.s.w.r set is now used for the
20-Watt position with the ad-
dition of a 50k-Ohm pot.
There is also an adjustment
provided for 2000-Watt capa-
bility, if desired. The lines go-
ing to the null position of the
calibration switches in the
dual wattmeter were origi-
nally used for the reflected v.
s.Ww.r position in Heath's v.s.w.
r wattmeter and are now used
for calibration of the power

(Continued on page 6)
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VSWR Automatically!

(Continued from page 5)

sensor that will be discussed
later. Ferrite beads (not shown)
are used on each internal and
external lead at the power sen-
sor to reduce rf currents. The
dual wattmeter uses two 0-50-
uA meter movements from Ra-
dio Shack. The 1.54k-Ohm re-
sistors let the meters appear to
have the same impedance as

will drive the automatic v.s.w.r
meter such that a full-scale de-
flection on a power meter will
be equivalent to 500 mV dc at
the v.s.w.r meter.

The 0.1-uF bypass capacitors
were added to minimize rf
pickup on the forward and re-
flected lines and across the me-
ters.

POWER SENSOR

ANTENNA
TYPE "N"

TRANSMITTER
TYPE "N"

"REFLECTED"
HEATHKIT
CIRCUIT BOARD

"FORWARD"
HEATHKIT
CIRGUIT BOARD

2120K

50K j 50K :l

120K

200 20

422K

OFF ON

REFLECTED
CAL/FRATION

1.5 4K

DUal WATTMETER

+—— G It CABLE

RANSE
20 200

— FWD

4.22¢ 0-8voe

AuF
o I
oN OFF

FORWARD
CAL/BRATION

Fig. 1. Schematic of power sensor and dual wattmeter.

Heath's. The 4.22k-Ohm resis-
tors in series with the power
meters raise the voltage that

Automatic V.s.w.r Meter

The circuit of Fig. 2 does noth-

ing but compute the ratio of
two dc voltages. If the meter
scale were left at 0-1mA, then
it would read the ratio of V dc-
reflected / V dc-forward di-
rectly. First of all, the two dc
voltages are filtered to keep
out rf and then amplified by a
gain of about 20 in the
LM108As.

Note the relatively large wval-
ues, 0.001 uF, of frequency
compensation capacitors on
pins 1 and 8 of the LM108As.
This also helps in keeping rf
from causing erratic operation
of the circuit. Next, these two
amplified dc wvoltages are
compared against a ramp
generated by the digital-to-
analog converter as imple-
mented by the 4040 counter
IC and the R/2R ladder net-
work. This comparison takes
place at the LF356Hs (note the
positive feedback for hystere-
sis). The output of the LF356Hs
is a square wave, going from
about +11 V dc to -11 V dc
since bipolar op amps do not
conduct to the supply rail. The
negative portion of the square
wave is clipped off by the 15k-
Ohm resistor and at the trans-
match and

(2) peaking the transmitter.
This would be the end of tune-
up. With solid-state finals, step
two is omitted and tune-up be-
comes a real breeze. Photo A
shows the finished design,
which consists of a power sen-
sor, dual wattmeter, and auto-
matic v.s.w.r meter.

(Continued on page 7)
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(Continued from page 6)

I know of another project arti-
cle on an automatic v.s.w.r
meter and I credit this one for
getting me interested in this
idea. However, there were
some things that I felt needed
to be changed.

out great.

Second, the earlier design in-
corporated a dual wattmeter
into the solid-state circuitry. If
you do not have 1158 V ac, you
do not have any way to meas-
ure power for mobile or bat-

300KH:
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that down to one. Calibration of
my v.s.w.r meter is very easy
and accurate.

Finally, the wattmeter scales in
the earlier design were ob-
tained through calibration and
the v.s.w.r scale through theo-

4049 OSCILLATOR

+12VDC

1, e

CLOtK 4040 BINARY COUNTER

*R=14 32K
*2R=28.7 K

*= (SEE TEXT)

1%
FWD Imd 1%

RESET 4013
crpd
12]=

Q3 910 Q11 Q

Q2 Qe Q& Q5 a8 Q7 Q%
7 6 5 3 2 4 13

2R 2R 2R 2R 2R 2R 2R

2R R R R f 7 J R

12 1% 15

2R 2R 2R

4013
4

+12VDC
_00IpF

5 15K

L
Q-.5vDC ’

nL T~ uF 10K
1%

.
x... 3

a
| 10K 2 7
3 s LF
7. 10K BELY
2 /f .

+12vDC

10K )

10K 3|

10K
INFINITY
SET

+

@8

2Nzz22
i %

Fig. 2. Schematic of computing portion of automatic vswr meter.

First of all, I have always had
trouble in the past construct-
ing a power sensor with a flat
enough frequency response to
cover 80 through 10 meters.
Instead of building one from
scratch, I used some circuit
boards which were purchased
from a popular kit manufac-
turer and which have worked

tery operation. My design
separates the wattmeter and
the wv.s.w.r meter and treats
the latter as an attachment to
be used when 115 V ac is
available.

Third, the earlier design has
five calibration adjustments in
the v.s.w.r meter portion of the
circuit. After some work, I got

retical computations.

Unfortunately, they do not
match very well: 25 percent re-
flected power is a 3:1 v.s.w.r
and not 2.5:1. My v.s.w.r meter
scale was derived from the
wattmeter scale data which pro-
vides for a much more accurate
indication.

(Continued on page 8)
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IN4454 diode combination.
From here, the signals go to
digital circuitry. The reflected
side gets buffered by two sec-
tions of a 4049 hex inverter IC,
then drives the meter directly
through a calibration pot-that’s
right, a square wave drives the
meter. The forward side gener-
ates a reset pulse with the 4013
flip-flop IC which clears the

REFLECTED COMPONENT WILL COMPARE
SOMEWHERE ALONG THE RAMP.

——

D/A RAMF /
1

T

L

1 1

1

) I

H

[

[

4049 PIN 15 I | I | I | | | |

TYP 25 WATT WAVEFORM

cle, this is of no importance.
Also, note the absence of a fil-
ter cap across the meter. The
square wave is at a fast enough
frequency such that no meter
jitter is observed. The fre-
quency of the 4049 oscillator is
approximately 300 kHz. The
frequency of the square wave
driving the meter will vary from
approximately 2000 Hz at a low
forward power reading to 175

FORWARD COMPONENT EQUAL TO

TOf OF RAMP

L

TYP 100 WATT WAVEFORM

Fig. 3. Waveforms showing change in frequency of the
square wave driving the meter with change in power level.
A 50% duty cycle, as shown here, equals a 3:1 vswr in
both cases (25 and 100 Watts).

4040 and starts the ramp all
over again. The end result of all
this is a meter driven by a
square wave whose duty cycle
is directly proportional to the
ratio of the two voltages V dc-
reflected/V dc-forward.

Fig. 3 shows that as the forward
component changes in ampli-
tude, the maximum amplitude
of the ramp changes also, since
it is this comparison which ulti-
mately generates the reset
pulse. Consequently, the fre-
quency of the square wave
driving the meter also changes,
but since the meter is not sensi-
tive to frequency, only duty cy-

Hz for a full-scale forward
power reading. The exact fre-
quency is not critical, so no ad-
justment of the oscillator was
provided. The oscillator also
clocks the 4013 flip-flop IC to
generate a clean reset pulse
which starts the ramp over
again.

The reason for buffering the
square wave with the 4049 in-
verter IC was to add stability to
the amplitude of this signal
driving the meter. CMOS logic
conducts to the supply rail and
the +12 V dc supply is regu-
lated. The result is a nice, am-
plitude-stable square wave.

The value of R in the ladder
network (Fig. 2) is not that
critical. I would stay between
10k Ohms and 158k. The im-
portant thing here is that the
value of 2R must be exactly
double. These resistors must
also be 1% in tolerance for a
smooth ramp.

A Few Problems

1. During times of no for-
ward or reflected power, as
during receive, the wv.s.w.r
computer tries to generate a
square wave whose character-
istics would indicate a v.s.w.r
of infinity-this is unacceptable.
2. At low forward-power
levels for the range selected,
the resolution of the circuit
becomes degraded. Consider
that the maximum count of the
D/A converter is 1,024. A re-
flected component wouldn't
then have one of 1,1024 counts
to compare against if the for-
ward component was high
enough to cause a count of
1,024. However, if the forward
component caused a count of
only 10, that would mean that
the reflected component
would have only 10 counts to
compare against, resulting in
a visibly stepped meter re-

sponse.
3. An over-range forward
component causes errone-

ously high wv.s.w.r readings.
When watching the wv.s.w.r
meter during tune-up, you
may not be aware of the for-
ward power level. Example:

(Continued on page 9)
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(Continued from page 8)

Let's say both forward and re-
flected range switches are in
the 20-Watt position, but you
are putting out much more than
20 Watts forward, let's say 100
Watts. The LM108A op amp that
amplifies the forward dc com-
ponent will have peaked out at
slightly over 20 Watts and will
remain saturated at 100 Watts.

10K

A o—a

10K 1]

; 15K

and 0.5 Watts on the 20-Watt
range. As shown in Fig. 4, this
was implemented by one sec-
tion of a 1588 dual op amp IC in
a comparator configuration.
When the forward component
gets too low, the base drive is
removed from the 2N2222 that
provides the ground for the O-
ImA meter movement. At the
time, the wunder-range
light-

+12V0C emitting

diode is
turned on
giving
you a
solid in-
dication
that the
meter is
turned off
and not
indicat-
ing a 1:1

same

OVER
RANGE -

N4454

-12¥DC

+12voC

ISK ?

Fig. 4.

Now let's say the reflected
power is around 5 Watts. The
meter will display around a 1.1
v.s.w.r when, in fact, it is
around 1.5:1.

The Fixes

For problems 1 and 2, 1
chose to disable the 0-1mA me-
ter when the forward power
was at the low end of the range.
I picked a point at about 3
Watts on the 200-Watt range

IN4454
e /13%523590?

66804

V.S.W.r.

For prob-
Y lem 3, 1

UNDE R l chose to

RANGE -12vDC .
provide

an over-

range in-
dication to aid the operator.
This was implemented by the
other half of the 15588 op amp,
also in a comparator configura-
tion. The only difference is that
the trip point is at the high end
of the range instead of at the
low end.

The power supply in Fig. 5 is as
simple as I could make it: a
voltage doubler configuration
with the capacitors center-
tapped to obtain both polari-
ties, a pair of three-terminal
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regulators, and then some 0.1-
uF bypass capacitors. The cur-
rent consumption is relatively
small, about 30mA for the
negative supply and 50maA for
the positive supply. No
power-on indicator was in-
cluded because the under-
range light emitting diode ef-
fectively fulfills this function.

Construction Notes

Power Sensor. Photo B shows
the wattmeter head
"sandwich." Keep in mind that
in order for one circuit board
to@ be used for forward Watts
and the other for reflected
Watts, they must be mounted
back to back. One of the sides
is removable by modifying
one of the type "N” connec-
tors. There are retaining rings
holding the center pin in
place. Remove the ring from
the front of the connector so
the pin can slide out the back.
Solder the pin to the piece of
heavy-gauge bus wire which
goes through the toroids of
the circuit boards. Do not for-
get to insulate the bus wire as
it goes through the evyelet
holding the toroid. A list of the
parts needed for the circuit
boards can be obtained by or-
dering the manual from the
Heath Company for the HM-

102 HF Wattmeter/SWR
Bridge.
Dual Wattmeter.

Photo C shows the enclosure
(Continued on page 10)
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(Continued from page 9)
holding the dual wattmeter.

The enclosure was homemade
out of aluminium and measures
8"X3"X8". The two null-
calibration switches were
mounted inside the wattmeter
enclosure to keep them out of
the way. I decided to use two
separate SPDT switches for the
wattmeter ranges instead of
one DPDT switch. I like the
added flexibility of being able
to look at low levels of reflected
power while on the 200-Watt
forward power range. Keep in
mind that when the two range
switches are not in the same
position, the v.s.w.r meter will
not give totally accurate read-
ings. V.s.w.r Meter. Photos D
and E show the v.s.w.r meter
enclosure which measures
61/2"X 3"1X51/2". An impor-
tant point to remember is to in-
sulate the tab of the LM320T-1 2
from the chassis because the
tab is not at ground potential.
The circuit board measures 5"/
X 611 and was -mounted on
3/8"" standoffs. The circuit
board foil pattern and compo-
nent layout are shown in Figs. 6
and 7. respectively.

Meter Scales. Photo F shows the
forward Watts meter scale. The
reflected Watts meter scale is
identical. The data was ob-
tained by using the equipment
in the calibration lab at work.
From 80 through 15 meters, the
accuracy is within 5% and on
10 meters, it is within 8%. I re-
moved the existing nomencla-
ture on the 0-50uA meter scales
with the use of an electric

eraser.

Use great care, when using this
method, not to go through the
paint to bare metal. All of the
lettering was done by using
rub-on letters. The data for the
v.s.w.r meter scale as shown in
Photo C was obtained from the
200-Watt range data and the
formula:

V.s.w.r = (1 + Sqr(Pref/Piwd)) /
(1 - Sqr(Pref/Pfwd) )

The 20-Watt range data did not
quite match the 200-Watt range
data, so some error will exist
when using the 20-Watt range
to measure v.s.W.r.

Two pieces of equipment are
needed to calibrate the power
sensor and dual wattmeter: a
50-Ohm resistive load and a
watt-meter of known accuracy. I
chose not to incorporate
Heath's method for calibrating
their wattmeter circuit boards
because of the availability of
the rf calibration equipment at
work. Thus, the parts Heath
used were omitted from the
power sensor circuit boards.

The forward-power watt-meter
is calibrated first. Place the for-
ward calibration switch to the
on position. With enough rf
power applied to give a meter
deflection, adjust the trimmer
cap on the forward Watts circuit
board for a null on the FWD
WATTS meter. Keep increasing
the rf power and maintain the
null.

Place the forward -calibration

switch to the off position and
the forward range switch to
the 20Watt position. Apply 20
Watts as measured by the
wattmeter of known accuracy
and adjust the 20-Watt poten-
tiometer for a full-scale de-
flection. The 200-Watt scale
was determined wusing a
200Watt source, but one is not
necessary to calibrate this
range. Since most rigs will put
out 1 00 Watts, I will use this
as an example. Apply 100
Watts as measured by the
wattmeter of known accuracy
and adjust the 200-Watt poten-
tiometer mounted on the cir-
cuit board for a 100-Watt indi-
cation. A 2000-Watt adjust-
ment was incorporated in the
wattmeter head in case I de-
cide to add it on later. Now re-
verse the wattmeter head in
the line and adjust the re-
flected side exactly as the for-
ward side. I found the most ac-
curate results were obtained
by calibrating the wattmeter
at either 7 or 14 MHz. Cali-
brate the v.s.w.r meter by us-
ing the circuit of Fig. 8. Apply
470 mV dc to both the forward
and reflected inputs, which
simulates a v.s.w.r of infinity.
Then adjust the Infinity Set po-
tentiometer in series with the
v.s.w.r meter for full scale.

Operation Field Day

The dual wattmeter automatic
v.s.w.r meter combination was
extensively tested during
Field Day, 1979. The tent it
was used in had a long wire

(Continued on page 11)
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(Continued from page 10)

and dipole for its antennas and
a transmatch for tune-up.
Changing frequencies was a
snap.

While applying low rf power,
all the operator had to do was
null the v.s.w.r with the trans-
match and then peak the finals
of the rig. Needless to say, the
total number of contacts this
time was higher than last. You
really have no idea how easy
tune-up can be until you have
tried an automatic v.s.w.r me-
ter. Circuit boards for the auto-
matic v.s.w.r meter are obtain-
able from me for $10 a copy.
Also, any correspondence must
include an SASE for a reply.
Special thanks go to my
brother, Cari WBODFH, for get-
ting me interested in amateur
radio back in 1972, Ray who
took the photos, Dave, who
helped calibrate the wattmeter
ranges at work, and the Field
Day gang of No 11/0 who let
me use one of the tents at the
site for the acid test.
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(Continued from page 4)

the ‘'unlocked' state. Range
switching is provided by SI.
VR4 is used to calibrate the me-
ter on the 2.5kHz range, and
VRS on the 10kHz range.

AM derived audio from ICI is
rectified by D3 D4 and the re-
sultant DC used to drive QI.
AM modulation will cause the
LED in Ql's collector circuit to
light, and vary in brilliance with
modulation. DC output from the
FM demodulator is connected
to a pair of voltage comparators
(IC4). The switching point of the
low voltage comparator is ad-
justed by VR7, while the high
voltage switching point is ad-
justed by VR6. The 'window' be-
tween these points is adjusted
to be within the linear region of
the FM demodulator 'S' curve
(Figure 3). The wvoltage com-
parator outputs are connected
to the CMOS OR gate (ICS3 triple
3 input NOR function). The
other OR gate input is driven
from the AGC switch Q11 wvia
another section of the 4023
wired as an inverter. The point
at which Q11 switches is de-
pendent on the setting of VR2
(delayed AGC from IC1). Out-
put from Pin 9 of the 4023 is
only 'high' when an AGC output
is present and the FM DC out-
put is within the window set by
IC4. The sweep generator con-
sists of a constant current gen-
erator (Q6) charging a capaci-
tor (C27). At the high voltage
end of the sweep Q8 is turned
on causing current to be drawn

through R29. This turns on Q7
causing Q8 to be turned on
harder giving a Schmitt trig-
ger action.

Transistor Q9 is turned on by
Q7 rapidly discharging C27.
Q8 is now turned off so the ca-
pacitor starts charging again
and the process is repeated.
The point on the ramp where
switching occurs is adjusted
by VRS. A manual reset is also
provided by S2. The voltage
across the capacitor C27 con-
trols the frequency of the VCO
by varying the capacitance of
D6. Transistor switch Q5 is ON
when the OR gate outputisa 0
(Pin 9 IC3). When IC3 output
is a 1, Q5 is turned OFF and
C27 stops being charged. The
voltage of the ramp, at the in-
stant Q5 was turned OFF is
held on C27. This completes
the control loop, Q10 also be-
ing turned on from IC3's out-
put illuminating the 'LOCK' in-
dication DS. Mains power sup-
ply for the instrument com-
prises T4, D1l and C3l.
12Volt regulation being pro-
vided by ICB5.

[Continued in part 2
Next month]
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Bulletins (Sundays at ...)
The West Rand Amateur Radio Club ]1h15 Start call in of stations

26.14122 South - 27.91870 East 11h30 Main bulletin start
P.O. Box 562 .
Roodepoort Frequencies
1725 145,625 MHz (West Rand Repeater)

10,135 MHz (HF Relay)
Phone: +27 11 726 6892
Email: john.brock@pixie.co.za

Radio Amateurs do it with more frequency!

SIS

We are going on the
Web
www.zsbwr.org.za

Please note this has been just been regis-

eeeeeeeee tered. Our site will be up in the new year.

Chairman Bill ZS6REV 726 6807 -
Vice-Chairman John ZS6BZF 768 1626 (A/H) john.brock@pixie.co.za
Treasurer Dave ZR6A0OC 475 0566 david.cloete@za.unisys.com
Webmaster
Cobus ZR6COB support@feedemgrp.co.za
John ZS6F] 672 4359 (A/H)
Keith ZS6AGF 672 6745 (A/H) mwbronie@iafrica.com

Phillip ZS6PVT

West Rand members input - we need your input!

To make this the best ham radio
magazine in South Africa we
need your input. Please submit
articles, comments, suggestions
etc.

Please send plain text with no
formatting to the email address

We need your input! Email us articles,
comments and suggestions please.
john.brock@pixie.co.za



