An Inexpensive VHF Directional Coupler

Precision in-line metering devices capable of
reading forward and reflected power over a wide
range of frequencies are very useful in amateur
VHF and UHF work, but their rather high cost puts
them out of the reach of many VHF enthusiasts.
The device shown in Figs 21 through 24 is an in-
expensive adaptation of their basic principles. It
can be made for the cost of a meter, a few small
parts, and bits of copper pipe and fittings that can
be found in the plumbing stocks at many hardware
stores. This project was originally described by
Thomas McMullen. W1SL, in April 1972 OST.

Construction

The sampler consists of a short section of hand-
made coaxial line, in this instance, of 52 Q imped-
ance, with a reversible probe coupled to it. A small
pickup loop built into the probe is terminated with
a resistor at one end and a diode at the other. The
resistor matches the impedance of the loop. not the
impedance of the line section. Energy picked up
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Fig 21—Circuit diagram for the line sampler.

C1—500-pF feedthrough capacitor, solder-in type.

C2—1000-pF feedthrough capacitor, threaded type.

D1—Germanium diode 1N34, 1N60, 1N270, 1N295,
or similar.

J1, J2—Coaxial connector, type N (UG-58A).

L1—Pickup loop, copper strap 1-inch long =
*ie-inch wide. Bend into “C” shape with flat
portion *iz-inch long.

M1—0-100 pA meter.

R1—Composition resistor, 82 to 100 £}, See text.

R3—50-k{} composition contrel, linear taper.
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Fig 22—Major components of the line sampler. The
brass T and two end sections are at the upper left
in this picture. A completed probe assembly is at
the right. The N connectors have their center pins
removed. The pins are shown with one inserted in
the left end of the inner conductor and the other
lying in the right foreground.
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Fig 24—Two versions of the line sampler. The
single unit described in detail here is in the
foreground. Two sections in a single assembly
provide for monitoring forward and reflected
power without probe reversal.
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by the loop is rectified by the diode. and the resultant current is fed to a meter equipped with a calibra-
tion control.

The principal metal parts of the device are a brass plumbing T. a pipe cap. short pieces of
*/s-inch ID and /1s-inch OD copper pipe. and two coaxial fittings. Other available tubing combinations
for 52-€2 line may be usable. The ratio of outer conductor ID to inner conductor OD should be 2.4/1.
For a sampler to be used with other impedances of transmission line, see Chapter 24 for suitable ratios
of conductor sizes. The photographs and Fig 23 show construction details.

Soldering of the large parts can be done with a 300-W iron or a small torch. A neat job can be done
if the inside of the T and the outside of the pipe are tinned before assembling. When the pieces are
reheated and pushed together, a good mechanical and electrical bond will result. If a torch is used, go
easy with the heat, as an over-heated and discolored fitting will not accept solder well.

Coaxial connectors with Teflon or other heat-resistant insulation are recommended. Type N, with
split-ring retainers for the center conductors. are preferred. Pry the split-ring washers out with a knife
point or small screwdriver. Don’t lose them, as they’ll be needed in the final assembly.

The inner conductor is prepared by making eight radial cuts in one end, using a coping saw with a
fine-toothed blade. to a depth of '/2 inch. The fingers so made are then bent together. forming a tapered
end, as shown in Figs 22 and 23. Solder the center pin of a coaxial fitting into this, again being careful
not to overheat the work.

In preparation for soldering the body of the coax connector to the copper pipe. it is convenient fo
use a similar fitting clamped into a vise as a holding fixture. Rest the T assembly on top, held in place
by its own weight. Use the partially prepared center conductor to assure that the coax connector is
concentric with the outer conductor. After being sure that the ends of the pipe are cut exactly perpen-
dicular to the axis. apply heat to the coax fitting. using just enough so a smooth fillet of solder can be
formed where the flange and pipe meet.

Before completing the center conductor, check its length. It should clear the inner surface of the
connector by the thickness of the split ring on the center pin. File to length; if necessary, slot as with the
other end, and solder the center pin in place. The fitting can now be soldered onto the pipe. to complete
the 52-€ line section.

The probe assembly is made from a 1'/2 inch length of the copper pipe. with a pipe cap on the top
to support the upper feedthrough capacitor, C2. The coupling loop is mounted by means of small Teflon
standoffs on a copper disc. cut to fit inside the pipe. The disc has four small tabs around the edge for
soldering inside the pipe. The diode, DI, is connected between one end of the loop and a 500-pF
feedthrough capacitor, C1, soldered into the disc. The terminating resistor, R1, is connected between
the other end of the loop and ground, as directly as possible.

When the disc assembly is completed, insert it into the pipe. apply heat to the outside, and solder
the tabs in place by melting solder into the assembly at the tabs. The position of the loop with respect
to the end of the pipe will determine the sensitivity of a given probe. For power levels up to 200 W the
loop should extend beyond the face of the pipe about /32 inch. For use at higher power levels the loop
should protrude only */32 inch. For operation with very low power levels the best probe position can be
determined by experiment.

The decoupling resistor, R2, and feedthrough capacitor, C2, can be connected, and the pipe cap put
in place. The threaded portion of the capacitor extends through the cap. Put a solder lug over it before
tightening its nut in place. Fasten the cap with two small screws that go into threaded holes in the pipe.

Calibration

The sampler is very useful for many jobs even if it is not accurately calibrated. although it is
desirable to calibrate it against a wattmeter of known accuracy. A good 52-£2 dummy load is required.
The first step is to adjust the inductance of the loop, or the value of the terminating resistor, for lowest
reflected power reading. The loop is the easier to change. Filing it to reduce its width will increase its
impedance. Increasing the cross section of the loop will lower the impedance,. and this can be done by
coafting it with solder. When the reflected power reading is reduced as far as possible, reverse the probe and
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Variations

Rather than to use one sampler for monitoring both forward and reflected power by repeatedly reversing
the probe, it is better to make two assemblies by mounting two T fittings end-to- end. using one for forward
and one for reflected power. The meter can be switched between the probes. or two meters can be used.

The sampler described was calibrated at 146 MHz, as it was infended for repeater use. On higher
bands the meter reading will be higher for a given power level. and it will be lower for lower frequency
bands. Calibration for two or three adjacent bands can be achieved by making the probe depth adjust-
able, with stops or marks to aid in resetting for a given band. Of course more probes can be made, with
each probe calibrated for a given band. as is done in some of the commercially available units,

Other sizes of pipe and fittings can be used by making use of information given in Chapter 24 to
select conductor sizes required for the desired impedances. (Since it is occasionally possible to pick up
good bargains in 75-€2 line, a sampler for this impedance might be desirable.)

Type N fittings were used because of their constant impedance and their ease of assembly. Most
have the split-ring retainer, which is simple to use in this application. Some have a crimping method. as
do apparently all BNC connectors. If a fitting must be+"sed and cannot be taken apart. drill a hole large
enough to clear a soldering-iron tip in the copper-pipe outer conductor. A hole of up to ¥/s-inch diameter
will have very little effect on the operation of the sampler.



