A Simple and
Accurate QRP

Directional
Wattmeter

Make a few small enhancements to the
Bruene wattmeter and diode detector,
and you have a directional wattmeter
that’s simple, portable,

and accurate

from 10 watts down to 5 milliwatts!

By Roy Lewallen, W7EL

5470 SW 152 Ave
Beaverton, OR 97007

directional wattmeter is a really indis-
A pensable tool. Besides using such a

meter to measure SWR, you can use
one to tune a home-built rig, adjust a Trans-
match, measure cable loss, and a host of other
things. Because it’s portable, a wattmeter is
an important tool in the field: With it, you
can make sure the rig still works, and spot
any problems with the antenna system. If
you're operating QRP in Field Day or some
other event, a good wattmeter can help you
keep your output at five watts as the battery
voltage drops.

This wattmeter, designed primarily for
portable use, gives accurate readings at power
levels from 5 mW to 10 W. Achieving good
low-power accuracy is a bit tricky; I developed
a simple correction circuit to handle the job.
During the editing of this article, I learned
that the technique I developed for compen-
sating the diodes in this wattmeter’s detector
circuit was first discussed by John Greben-
kemper, KI6WX, in his January 1987 QST
article.! I encourage reading (or rereading)
this excellent article.

If carefully constructed, this wattmeter
should function well from below 1 MHz at
least into the mid-VHF range. One prototype
tested in the ARRL Lab maintains better than
+ 7% of full-scale accuracy, on all ranges,
up to 432 MHz.

Circuit Description

A basic directional wattmeter has three
major parts: directional coupler, detector,
and meter circuits. Each block can be
optimized for a particular application.
Here’s a description of each block.

Notes appear on p 36.

Directional Coupler

Two types of directional couplers are
commonly used by amateurs. The vener-
able Monimatch circuit is simple and use-
ful for SWR measurement, but not readily
adaptable as a wattmeter except over a nar-
row frequency range, because its sensitivity
changes with frequency.? The Bruene cir-
cuit doesn’t have this limitation, so is more
suitable for our use. It’s generally imple-
mented with capacitive dividers for sensing
voltage, but I chose to use transformers for
this function.® This results in a simpler
circuit that’s adjustment-free. Sensitivity can
be traded for insertion loss; the values chosen
for this meter result in insignificant insertion
loss.

Maintaining a near-50-{ impedance on the
line through the wattmeter eliminates several
frequency-dependent effects. A microstripline
structure is effective for this application, and
is extremely simple to build, so I used that
technique in this wattmeter.

Detector

Seemingly, the detector should be the
easiest part of the wattmeter to design. Well,
it happened again: The simplest part turned
out to be the hardest. What’s so hard about

Detector
Diode

Fig 1—Simple diode detector.

using a diode detector? If you don’t want to
know, skip ahead to the Construction section.
For the truly adventurous (mathematically,
that is), I’ve included the sidebar, ‘‘Ac v Dc:
Why the Difference?’’

Plain diode detectors, like the one shown
in Fig 1, are simple and easy to use—provided
you don’t require accurate results at low sig-
nal levels. That’s unfortunate, because good
low-power accuracy is exactly what this watt-
meter is intended to provide. Five milliwatts
provides only 145 mV (peak) at the detector,
so detector accuracy must be maintained
down to this level. Some diodes, such as back
diodes and zero-bias Schottky types, are spe-
cially designed for detecting very small sig-
nals. These, however, aren’t as readily
available as common silicon, germanium, and
medium-barrier silicon Schottky diodes, so I
investigated only the latter three types. Natur-
ally, each has its deficiencies.

Common small-signal silicon diodes (eg,
1N914) drop too much forward voltage to be
accurate at small signal levels when used with
reasonable load-resistance values (up to
100 MQ or so). Ordinary small-signal
Schottky diodes are better, but still have an
objectionable drop for use at low signal lev-
els. The good old point-contact germanium
diode (1N34 type) is the clear winner in this
category. Applying 50 mV (dc) to a germa-
nium diode detector produces about 45 mV
at its output with a 1-MQ load resistance.
Increasing the load resistance to 10 M{ brings
the output to within 1 mV of the applied
voltage.

So what’s the problem? The problem is that
the results are different when you apply an
ac signal to the detector! This difference is
clearly shown in Fig 2, which gives the
measured output of a germanium-diode de-
tector (like the one shown in Fig 1) with three
different input signals of the same peak value.
On the log-log scales, the vertical spacing be-
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Ac v Dc: Why the Difference?

- Why does a diode detector produce less output when

: ‘detectmg an ac signal than a dc signal if both signals have
- the same peak value? Why does a pulsed-dc signal

produce a lower output than a steady one? Fortunately, we
don’t have to look any further than the ideal-diode equation
to get the answers to these questions. This equation
describes the characteristics of an ideal diode—a diode
that is ideal in the sense that it can be described by some
fundamental principles, not in that its conduction is perfect
in one direction and zero in the other.

The ideal-diode equation is:

Vi

= lyfe KT - 1)

- ( (Eq 1)

- where

Iy = Diode forward current

I = Saturation current, about 10-14 A for silicon, 2 x
10-7 A for germanium at room temperature

V4 = Diode forward voltage

g = Electron charge, 1.60 x 10-19 coulomb

k = Boltzmann’s constant, 1.38 x 10-23 J/K

T = Temperature, K

At room temperature, kT = q is about 25 mV. Note that I

- is strongly related to temperature, doubling with approxi-

mately every 10-°C rise in temperature.

Because our discussion primarily concerns small signals,

let's see how the ideal diode behaves with small voltages
or currents applied. The small-signal I/V characteristics of
an ideal germanium diode are shown in Fig A. This is
simply a graphical representation of Eq 1 over a limited

range. (The graph is also valid for silicon diodes if the cur-
- rent scale is reduced by a factor of about 20 mllhon) Note

that the I/V curve doesn’t bend at the origin; it’s a straight
line. This gives us our first clue about small-signal diode

‘operation: a straight line on an I/V graph represents a

constant resistance, so at very small signal levels the
diode looks like a resistor, and hardly rectifies at all. (By
very small signal levels | mean somewhat less than

kT + g [25 mV].) The resistance of the germanium diode

is about 125 k2 in thls range (an ldeal smcon dtode is’

~ about 2.5 TQ (2.5 x 1012 Q). At higher forward voltages,

the current rapidly rises; at greater reverse voltages, the =
current increases, then IeveEs out at a value of —ls.

If we apply dc to the circuit of Fig 1, current will flow -
heavily at first, then taper off as C charges Eventually,
the current will simply be V, + R,. Substituting (V; — V)
for V4 in Eq 1 and rearrangmg produces an equation relat-

ing V, and V;: ;

kT Vo . :
Vi V-—~—--In( +1) (Eq2)_

q Rils :
or Vg and V,: ; .
e 1

a == in (i)
(Eq 9)

To get a feel for the voltage drop: io expect, look at Eq 3
with V, = 100 mV, R, = 1 MQ, and I, = 2 x 10-7 A

This rasults in a diode drop (V) of 10. 1 mV. In contrast, a
silicon diode (I; = 10-14 A) would drop 403 mV (503 mV.
in for 100 mV out) under the same conditions, but it would
have 10.1-mV drop if R, was made 20 million times larger.
As the signal level increases, the drop increases—but not

‘in proportion, so detector accuracy improves. Increasang

the load resistance helps also; at 100 mV out and R, =
10 M@, V4 = 1.2 mV. o
Now let’s see what happens with an ac or pulsed»dc i

- signal. Looking at Figs 2 and B, we can see that when V;

is greater than V,, the drop is the same as if the input sig-
nal were dc. However, for part of the cyc!e, V; is less than
V,. During this time the diode is reverse biased and sub- o
stantial current flows to the left in Fig 1. Generally, C| is
made large enough to make the ripple on V, very small.

We can then consider V, to be a constant vaiue after an

Jinitial charge period of rnany cycles of the input signal. For '

any signal, -
Vo = ld(avg} Ry (Eq 4)
where lyayg) is the average current flowing through the

diode over a cyole of the input. signal.

The wattmeter’s detector signal is a blpoiar sine wave,
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Fig A—Current-voltage characteristics
of an ideal germanium diode.

Fig B—The same data as that of Fig 2, plotted on linear axes.
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~ but analysns of a umpolar square wave illustrates the prin-
ciple and is much easier to attack mathematlcally (I'll dis-
-cuss the sine-wave case shortly).

Consider a unipolar square wave with a positive value V,
for 50% of the cycle and 0 V for the other 50%. When the
input signal is positive.

: Vo ' j

by = s (e KT 1) (Eq 5)

where '
lgr) = diode current when the input signal is high.

(?. = Vo = Vo = forward voltage (diode drop) when
the input signal is high.

This follows directly from Eq 1. When the input signal is
zero, the diode is reverse biased. Again from Eq 1 ‘

Combining Egs 5, 6, and 7 and solving for Vg

i —In {2(

v,
Vd(h) + 1) -8 "o kT (Eq 8)

IRL

d(h) Fepresents the difference between the peak value (Vp) -
(the input signal, and the output voltage (Vo) An analys;s
of the argument of the logarithm shows that it's always
greater than the dc case. In fact, when V, gets much
greater than kT + g, Vg = Ve + (KT = ) In (2), or

_about 18 mV at room temperature. This result is indepen-

dent of R, so even if R, is large to minimize dc drop, the
added drop due to applying ac will stay the same (as long
as V, >> KT + q). The added offset is clearly shown in

- Fig B. Values calculated from Eqs 1 and 8 fall aimost

Vy Al
Wir
|dm = |5 ( = 1)
‘where
lgy = diode current whan the input signal is low. I
is negative.
Vdm = “V

signal is Iow Vqy also is negative.
Because Iy and Iy, each flow during
cycle, average current is found by

: v
loavg) = 172 (lan) + 'dm) o

= diode forward voltage when the input

exactly on the graphs. A similar analysis for a bipolar
square wave results in the same limiting value of 18 mV of

(Eq 6) excess drop.

Math is fun! But everyone’s got a limit, and mine falls
within the large gap between analyzing the detector with
square-wave and sine-wave inputs. However, some gener-
alizations can be made without having to do a rigorous
sine-wave analysis. With a sine wave applied, one would
expect diode forward current to flow for only a small part
of the input cycle, resulting in-a greater drop than with a
square wave applied. The sine-wave case was studied with
a mathematical computer model, and the results agreed
very closely with the measurements presented in Figs 2

1/2 of the input

(Eq 7)
f and B.—W7EL

tween plots is proportional to the fractional
(percentage) difference between the outputs.
As you can see, a simple germanium detec-
tor is accurate for ac signals only when the
peak input signal level is above about 1 V.
A simple correction circuit is the secret to this
wattmeter’s accuracy. I’ll explain it in a
moment, but first I’ll briefly explain why the
detector output is less with an ac than with
a dc input.

When the forward or reverse voltage across
a diode gets very small (a few millivolts), the
reverse and forward currents are approxi-
mately equal for a given applied voltage; that
is, the diode acts like a resistor. (I measured
a typical germanium diode’s resistance as
about 120 k{2, a value very much smaller than
that of silicon diodes.) If dc is applied to the
detector, the detector circuit acts like a voltage
divider, with the input voltage dividing be-
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Fig 2—Dc output voltage of the detector of Fig 1 with three types of input signals.

tween the diode resistance and the load
resistance. When ac is applied, however, the
current flow during the negative half-cycle
removes a substantial part of the charge put
on the load capacitor during the positive half-
cycle, resulting in a lower detector-output
voltage. The effect is waveshape and duty-
cycle dependent, but isn’t related to the fre-
quency of the input signal.

Silicon diodes exhibit the same properties,
but at different levels. Silicon-diode resistance
at few-millivolt levels is about a million times
larger than that of germanium diodes, but
extremely large load resistances (102 Q or so)
would have to be used to bring the forward
drop to the germanium-diode level. The much
smaller currents flowing through the much
larger resistance result in the same net effect.
The observed ac/dc difference is explained by
the ideal-diode equation (see the sidebar). Dc
and unipolar-square-wave measurements were
compared to results predicted by the ideal-
diode equation with extremely good
agreement.

Common 1N34A germanium diodes pur-
chased from Radio Shack® were found to be
satisfactory for this detector.

The Meter Circuit

See Fig 3. An op amp is a logical choice
to provide a high load impedance for the
detector and a low-impedance output. Most
op amps, however, have enough input-bias
current to produce a significant voltage across
a high-value detector-load resistor, ruining the
measurement. Fortunately, operational
amplifiers that have input-bias currents of
only a few picoamperes—more than adequate
for this application—are readily available.
The CA3160 (and its externally compensated
equivalent, the CA3130) has the desirable
combination of extremely low input current,
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Fig 3—Schematic diagram of the QRP directional wattmeter. All fixed resistors are ¥a-W,
5%-tolerance units. D1-D3 are common 1N34 germanium diodes; they should be matched

(as discussed in the referent of Note 1) for best performance. T1-T3 are FT-37-72 ferrite

cores with single-turn primaries (one pass through the core—see Fig 5). The primaries of
T2 and T3 are comprised of the ungrounded leads of R1 and R2, respectively. Each trans-

former has a single secondary winding consisting of 10 evenly spaced turns of no. 28

enameled wire. Do not substitute a different

core for the FT-37-72. R6 can be any value

between 10 k2 and 100 k{. The resistor and capacitor (associated with U1) marked with

asterisks may be necessary to eliminate instability in the op amp, although my prototypes

don’t require them. See text.

input-and output-voltage range down to the
negative supply rail and moderately low cur-
rent consumption. To my knowledge, no
other readily available op amp shares this set
of features; if you know of one, you may sub-
stitute it for the CA3160 used at Ul.

The second op-amp input is used by the
diode-compensation circuit, so a second stage
is required to permit variable gain. The only
requirements for the second op amp are
moderate current consumption and the ability
to handle input and output signals down to

the negative supply rail (ground). The LM358 -

contains two such op amps; one section (U2B)
is unused in this application. You could sub-
stitute one section of an LM324, another

22 O05%

CA3160, or any other op amp having the re-
quired characteristics.

The diode-compensation circuit (D3 and RS
in Fig 3) creates an offset that approximately
compensates for the drop across the detector
diode. If dc was applied to detector D2/R4/
C2, and if compensation resistor R5 and de-
tector load resistor R4 were equal, perfect _
compensation would result (assuming that D2
and D3 were identical). However, the circuit
is actually compensating the detector ac drop
with a dc drop, so more current must flow
through compensation diode D3. This is ac-
complished by making RS smaller than R3
and R4. Although the compensation isn’t per-
fect, it’s extremely good, and a remarkable
improvement for only two added compo-
nents. Without the compensation circuit, the
wattmeter error was 30-50% for small signals
(5-50 mW); with the compensation circuit,
measured error is less than 7% over the same
range. In addition, the compensation circuit
tracks well with temperature; an important
consideration for portable use.

In John Grebenkemper’s circuit (see Note
1), an additional resistor and capacitor in the
feedback network are used to ensure stabili-
ty in the op amp. I saw no signs of instabili-
ty in my prototype, but if you experience
instability problems, adding these compo-
nents (marked with asterisks in Fig.3) should
help.

Construction
Meter Face

You’ll need to make new scales for the
meter or, at the very least, add markings to
the existing scale. It’s fairly easy to make the
new scales readable and somewhat harder to
make them look nice. If you decide to make
new scales rather than add marks to the
existing scale, you’ll want to record the cor-
rect places to make the new marks before you
obliterate the old scale. See this month’s Hints
and Kinks column for one method of relabel-
ing a meter face.

Directional Coupler

This wattmeter works best if there’s a cons-
tant 50-Q impedance from the input to the
output, but it’s not highly critical. There are _
always impedance bumps at the transitions

Fig 4—Completed detector ~ Ho'¢. for

circuit board.
Not drawn to scale.
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Fig 5—Close-up views of the completed
directional coupler. T1's primary is a
straight piece of insulated wire spanning
the cut in the microstripline. T1’s secon-
dary winding is routed through the hole cut
for T1. The top view shows the compo-
nents comprising the directional coupler
and detector. To achieve minimum lead
lengths, R1-R4 are mounted vertically on
the ground plane. Capacitors C1 and C2
are not shown, although they should be
mounted directly across R3 and R4,
respectively.

between the coax connectors and the micro-
stripline, and a larger bump at the coupler
transformer, but these bumps can be made
insignificant at HF with a little effort. Only
the microstripline and directional coupler are
sensitive to layout, and you have considera-
ble latitude with these components if you
know the rules.

The microstripline will be the simplest circuit
board you’ve ever made. If you’ve never
made a PC board before, don’t worry—you
can’t go wrong with this one. It consists
simply of a single trace on one side of the
board and a ground plane on the other. There
are at least three ways to fabricate this board:
You can stick adhesive copper tape to the
non-foil side of a single-sided board, you can
etch a double-sided board, or you can cut
along the edges of the line with a knife and
peel away the unwanted copper.

No matter which method you choose, start
with a piece of 1/16-inch-thick, glass-epoxy
PC board. The board’s length should equal
or exceed the distance between wattmeter in-
put and output connectors, and the board
should be at least one inch wide (wider is
okay). The width of the microstrip, which
should be about 0.1 inch, determines the im-

pedance of the line. Impedance doesn’t
change much as line width changes, and the
impedance isn’t too critical for this applica-
tion. So if you don’t have a decimal ruler, just
make the trace a bit thinner than 1/8 inch—
it’ll be close enough. After making the board,
cut a hole in the center just large enough to
accommodate transformer T1. The finished
microstripline should look like that shown in
Fig 4.

Mount the coupler components using short
leads. A suggested layout is shown in Fig 5.
Then assemble the rest of the wattmeter and
mount the completed coupler between the in-
put and output connectors. The connections
from the connectors to the microstripline
must be very short, particularly the ground
connections. If possible, put a solder lug or
lugs on the connector-mounting screws and
solder the lugs directly to the bottom of the
line as shown in Fig 6.

A template package containing a PC-board
pattern integrating the wattmeter circuit and
directional coupler, parts-placement diagram
and other information is available from the
ARRL Technical Department Secretary for
a no. 10 SAE with return postage for 1 ounce.
Tips

A small center-off toggle switch, wired for
REV-OFF-FWD operation, is a convenient
way to combine S1 and S2. However, small
toggle switches are amazing in their ability
to turn themselves on at the slightest
provocation—Ilike being bumped around in
a suitcase or backpack. So if you’re going
to use this wattmeter for portable opera-
tion, use some other kind of switch (a slide
switch, for example) for, or in series with,
S1.

I’ve seen quite a few articles implementing
the Bruene directional-coupler circuit with
a powdered-iron core (eg, T-68-2). The low
winding impedance of such a transformer
will ruin the accuracy of this circuit, so
don’t use powdered-iron cores for the
transformers in this wattmeter.

Adjustments

All you’ll need for adjustment is a high-
impedance dc voltmeter. Connect the volt-
meter between the wiper of the SENSITIVITY
control (R6) and ground. Connect a tem-
porary jumper between pins 7 and 3 of Ul.
Turn Ré6 fully counterclockwise. Set the
FULL SCALE SELECT switch S3 to the 10-W
position. Turn on POWER switch S1. Slowly
turn R6 clockwise. As you do, the wattmeter
and voltmeter readings should increase. If
not, turn the wattmeter off and check your
wiring.

Adjust R6 for a voltmeter reading of
6.49 V, then adjust R7 so the wattmeter reads
full scale. Adjust R6 for a voltmeter reading
of 2.05 V, then switch S3 to the 1-W posi-
tion. Adjust R8 until the wattmeter indicates
full scale. Adjust R6 for a voltmeter reading
of 0.649 V, then switch S3 to the 0.1-W posi-
tion. Adjust R for a full scale reading on the
wattmeter. Turn the wattmeter off and
remove the temporary jumper between pins
3 and 7 of Ul. This completes the calibration.

Connector

Microstripline

Ground Lugs Soldered
to Ground Side of
Board

Fig 6—Using solder lugs to make a good
connection to the ground side of the
microstripline.

To obtain maximum reliability, measure R7,
R8, and R9 and replace them with fixed resis-
tors of the measured values; readjustment
should never be necessary.

If you need to measure SWR at levels very
close to 1:1, you may want to tweak the watt-
meter to show a zero-reflected-power indica-
tion when connected to a reference dummy
load. The resistors to adjust are R1 and R2.
Theoretically, the correct value for these resis-
tors is 49.5 Q each. It’s not necessary to re-
adjust the wattmeter if you change the values
of R1 and R2 slightly.

Use

To measure power, select the appropriate
scale and turn S6 fully clockwise. The power
flowing in the line is the forward reading
minus the reverse reading. To measure SWR,
switch S3 to the next more sensitive setting
and switch S2 to FWD. Adjust R6 for a full-
scale meter reading. Flip S2 to REV and read
the SWR scale. To adjust a Transmatch, put
the wattmeter between the transmitter and
Transmatch and adjust the Transmatch for
zero reflected power.

The directional wattmeter can do anything
an SWR meter can do, and many things
besides. Because you can measure power any-
where in a system, you can use the wattmeter
to find cable and Transmatch losses, measure
transmitter power, and lots of other things.
You'll be surprised how often you reach for
it!
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pipe, which is commonly available. For use
as open-wire-line insulation, ABS pipe
must first be heated and flattened into
sheets. Cut the ABS pipe lengthwise into
halves or thirds with a table saw. Make the
lengths about the same as the width of a
Teflon®-coated cookie sheet that will fit
into your oven. Since ABS is a thermoplastic
that melts at about 150 °C, set the oven
temperature to about 180 °C (350 °F).
Bake the Y2 or ¥4 round sections of the
pipe, concave side down, on the cookie
sheet until they begin to soften. When the
pipe sections are soft, open the oven and
place a sheet of plywood, weighted with a
brick, on top of the pipe sections. When
the ABS is flat, set it aside to cool.

If you’re using ABS rod, cut it into
pieces of uniform length (3 to 6 inches). If
you’re using ABS pipe, use a table saw to
cut the heat-flattened pipe into strips about
3/8 inch wide and 3 to 6 inches long.!
Notch the ends of the insulators to a depth
of about ¥4 inch with a hacksaw or band
saw that makes a cut narrower than the
width of no. 14 wire.

How many insulators you need depends
on the line’s length and wire spacing. It’s

best to space the insulators at a distance -

equal to five to ten times their length. Six-
inch-long insulators, for instance, are
usually spaced 30 to 60 inches apart. As-
suming 6-inch spacers spaced 60 inches
apart, a 50-foot feed line requires nine
insulators—assuming that the distance be-
tween each line end and its adjacent insu-
lator is equal to the insulator-to-insulator
spacing. Use no more insulators than are
necessary to keep the feed line from twisting
and shorting.

Fastening ABS Insulators to the Wire

Clamp both parallel wires, spaced ap-
propriately, into a vise. Stretch the wires
out straight and fasten their free ends to
a stationary object. With the flame from
a propane torch, heat one wire where you
want a given insulator to be fastened. When
the wire is hot enough to melt the ABS,
press the wire into the insulator notch. The
heated wire will melt its way to the bottom
of the notch in the ABS. Hold the wire in
this position for about 15 seconds to allow
the thermoplastic to cool and reharden,

The line impedance, which can be calculated
from the equation Z, = 276 log (28 + d),
where Z, is the characteristic impedance of the
line, S is the center-to-center distance between
the line conductors, and d is the conductor
diameter (in the same units as S), is generally
not critical in situations where the feed line is
intentionally operated at a high SWR—that is,
when its impedance considerably mismatches
that of the antenna it feeds. This can occur
when, for instance, an open-wire-fed doublet is
operated on several bands. What counts is the
feed line’s ability to handle, with minimum loss,
the high voltages and currents that can occur

* under high-SWR conditions. The main mechani-
cal consideration is that the feed-line wires be
far enough apart, and equipped with enough
spacers, not to short-circuit with wind
movement.
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Fig 3—John Swancara’s RS-232-C-to-keying-line interface consists of just four parts. You
can build the circuit on a piece of scrap copper-clad circuit board. John obtained U1, a
TIL-111 optocoupler, as part of Radio Shack’s 276-139 optocoupler assortment.

trapping the wire. You can lessen the
cooling time by pressing a damp rag to the
insulator and wire. Repeat this operation
until the line is completed. (Notes: This
operation can-be done with two hands, but
it is much easier and faster with four hands.
Don’t overheat the wire; doing so may
cause the thermoplastic to decompose
and/or ignite.)

Lengthening the Feed Line’s Service Life

The useful life of ladder line in windy
areas can be extended by fastening a
Dacron cord or braided-Dacron fishing-line
tether (or tethers) to an insulator about
halfway up the feed line. Pull the tether
sideways to form an angle of about 45 ° and
fasten it to a stationary object. The tether
will keep the feed line from whipping
around in the wind and avoid flexing that
could eventually cause the wires to break.
Two or three tethers, fastened to the same
feed-line insulator and spread about 120°
apart, work better than oné.—Richard L.
Measures, AG6K, 6455 La Cumbre Rd,
Somis, CA 93066

CHEAP AND QUICK RS-232-C-TO-
KEYING-LINE INTERFACE

(J While experimenting with my Tandy®
1000 home computer and some ham code-
generation programs, I learned that the
computer’s RS-232-C DTR line switched
from + 14 to — 14 V when the programs ex-
ecuted the code. In about 1 hour, with a few
Radio Shack® parts, I built the interface
shown in Fig 3. It works great and easily keys
my transceiver. I now send perfect CW!
When the Tandy 1000’s + 14/ —14-V
RS-232-C DTR signal switches to — 14 V,
the optocoupler’s LED turns on the out-
put transistor, pulling the circuit’s OUTPUT
line low. If you need a circuit that goes low
on positive excursions of the INPUT line,
just reverse the 1N914, and the connections
to pins 1 and 2 of the optocoupler. If keying
your rig involves switching a higher voltage
than the optocoupler can handle, you can

. control a dc relay with the optocoupler and

key the rig with the relay.2—John
Swancara, WAGLOD, 1002 E Mariposa

‘Ave, El Segundo, CA 90245

VCR BATTERIES FOR HAM GEAR

O VCR batteries can be a good source of
12-V power for emergency use. These
usually come complete with case, shoulder
or belt strap, wall charger, and—best of
all—a standard lighter socket. I’ve used one
of these with a Yaesu FT-208R hand-held
for over a week at a time and still had
power to spare.—Dorth Falls, W4NTD,
1529 Granville Rd, Rock Hill, SC 29730

2For an all-solid-state solution, see J. Galm,
*“Simple Control-Signal Level Converters,” in
this issue, pp 24-27. =)

A Simple and Accurate QRP

" Directional Wattmeter

(continued from page 23)

in lowering the values of R3, R4 and RS to
those shown in Fig 3 from the original design
values, which were much higher. John’s diode
measurements showed a greater variation in
Isa¢ than I had found, indicating the desira-
bility of matching the diodes as described in
his article. John also pointed out the possi-
bility of op-amp offset causing the meter to
read slightly upscale with no applied signal.
The worst-case error is about 2% of full-scale
deflection; less in most cases. If necessary,
you can add an offset null consisting of a
100-kQ potentiometer between pins 1 and §
of Ul, with its wiper grounded.

Notes

1J. Grebenkemper, ‘‘The Tandem Match—An Ac-
curate Directional Wattmeter,” QST7, Jan 1987,
pp 18-26. Also see “Tandem Match Correc-
tiongs," Technical Correspondence, Jan 1988,
p 49.

2This circuit was originally discussed in L. McCoy,
“The Monimatch,” QST, Oct 1956, and has
been covered in many articles since.

3W. B. Bruene, ‘‘An Inside Picture of Directional
Wattmeters,” QST, Apr 1959. - =



