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The following material was extracted from
earlier editions. Figure and Equation
sequence references are those from the 21st
edition of The ARRL Antenna Book

An Inexpensive VHF Directional Coupler

Precision in-line metering devices capable of read-
ing 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 14
through 16 is an inexpensive 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.

Construction

The sampler consists of a short section of handmade
coaxial line, in this instance, of 50 Q impedance, 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. En-
ergy picked up by the loop is rectified by the diode, and
the resultant current is fed to a meter equipped with a
calibration control.

The principal metal parts of the device are a brass
plumbing T, a pipe cap, short pieces of */s-inch ID and
S/e-inch OD copper pipe, and two coaxial fittings. Other
available tubing combinations for 50-Q line may be us-
able. The ratio of outer conductor ID to inner conductor
OD should be 2.4/1. For a sampler to be used with other
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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 x 3/s-inch wide. Bend into “C”
shape with flat portion 5/s-inch
long.

M1—0-100 pA meter.

R1—Composition resistor, 82 to
100 Q. See text.

R3—50-kQ composition control,
linear taper.

impedances of transmission line, see Chapter 24 for suit-
able ratios of conductor sizes. The photographs and
Fig 21 show construction details.

Soldering of the large parts can be done with a
300-watt 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
overheated and discolored fitting will not accept solder
well.

Coaxial connectors with Teflon or other heat-resis-
tant 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 screw-
driver. 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 /> 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 fit-
ting into this, again being careful not to overheat the work.

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.

In preparation for soldering the body of the coax
connector to the copper pipe, it is convenient to 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 perpendicular to the axis, apply heat to the
coax fitting, using just enough so a smooth fillet of sol-
der 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 50-€ line section.

The probe assembly is made from a 1'/> 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 cop-
per disc, cut to fit inside the pipe. The disc has four small
tabs around the edge for soldering inside the pipe. The
diode, D1, is connected between one end of the loop and
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Fig 23—Cross-section view of the line sampler. The pickup loop is supported by two Teflon standoff insulators.
The probe body is secured in place with one or more locking screws through holes in the brass T.

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 watts 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 opera-
tion with very low power levels the best probe position
can be determined by experiment.

The decoupling resistor, R2, and feedthrough capaci-
tor, 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
50-Q VHF 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. Increas-

ing the cross-section of the loop will lower the imped-
ance, and this can be done by coating it with solder. When
the reflected power reading is reduced as far as possible,
reverse the probe and calibrate for forward power by
increasing the transmitter power output in steps and mak-
ing a graph of the meter readings obtained. Use the cali-
bration control, R3, to set the maximum reading.

Variations

Rather than to use one sampler for monitoring both
forward and reflected power by repeatedly reversing the

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.



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 intended 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 mak-
ing the probe depth adjustable, 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 mak-

ing 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 bar-
gains in 75-Q 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 used 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
3/s-inch diameter will have very little effect on the opera-
tion of the sampler.

The following material was extracted from earlier editions.
Figure and Equation sequence references are those from
the 21st edition of The ARRL Antenna Book

A Calorimeter For VHF And UHF
Power Measurements

A quart of water in a Styrofoam ice bucket, a roll of
small coaxial cable and a thermometer are all the neces-
sary ingredients for an accurate RF wattmeter. Its cali-
bration is independent of frequency. The wattmeter works
on the calorimeter principle: A given amount of RF energy
is equivalent to an amount of heat, which can be deter-
mined by measuring the temperature rise of a known
quantity of thermally insulated material. This principle
is used in many of the more accurate high-power watt-
meters. This procedure was developed by James Bowen,
WA4ZRP, and was first described in December 1975 QST.

The roll of coaxial cable serves as a dummy load to
convert the RF power into heat. RG-174 cable was cho-
sen for use as the dummy load in this calorimeter because
of its high loss factor, small size, and low cost. It is a
standard 50-Q cable of approximately 0.11 inch diam-
eter. A prepackaged roll marked as 60 feet long, but mea-
sured to be 68 feet, was purchased at a local electronics
store. A plot of measured RG-174 loss factor as a func-
tion of frequency is shown in Fig 25.

In use, the end of the cable not connected to the trans-
mitter is left open-circuited. Thus, at 50 MHz, the
reflected wave returning to the transmitter (after making
a round trip of 136 feet through the cable) is 6.7 dB x
1.36 =9.11 dB below the forward wave. A reflected wave
9.11 dB down represents an SWR to the transmitter of
2.08:1. While this value seems larger than would be
desired, keep in mind that most 50-MHz transmitters can
be tuned to match into an SWR of this magnitude effi-
ciently. To assure accurate results, merely tune the trans-
mitter for maximum power into the load before making
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Fig 25—Loss factor of RG-174 coax used in the
calorimeter.

Table 4

Calculated Input SWR for 68 Feet of Unterminated
RG-174 Cable

Freq. (MHz) SWR
50 2.08
144 1.35
220 1.20
432 1.06
1296 1.003
2304 1.0003




the measurement. At higher frequencies the cable loss
increases so the SWR goes down. Table 4 presents the
calculated input SWR values at several frequencies for
68 feet of RG-174. At 1000 MHz and above, the SWR
caused by the cable connector will undoubtedly exceed
the very low cable SWR listed for these frequencies.

In operation, the cable is submerged in a quart of
water and dissipated heat energy flows from the cable into
the water, raising the water temperature. See Fig 26. The
calibration of the wattmeter is based on the physical fact
that one calorie of heat energy will raise one gram of liq-
uid water 1° Celsius. Since one quart of water contains
946.3 grams, the transmitter must deliver 946.3 calories
of heat energy to the water to raise its temperature 1° C.
One calorie of energy is equivalent to 4.186 joules and a
joule is equal to 1 W for 1 second. Thus, the heat capaci-
tance of 1 quart of water expressed in joules is
946.3 x 4.186 = 3961 joules/° C.

The heat capacitance of the cable is small with re-
spect to that of the water, but nevertheless its effect should
be included for best accuracy. The heat capacitance of
the cable was determined in the manner described below.
The 68-foot roll of RG-174 cable was raised to a uniform
temperature of 100° C by immersing it in a pan of boil-
ing water for several minutes. A quart of tap water was
poured into the Styrofoam ice bucket and its temperature

Fig 26—The calorimeter ready for use. The roll of
coaxial cable is immersed in one quart of water in the
left-hand compartment of the Styrofoam container. Also
shown is the thermometer, which doubles as a stirring
rod.

was measured at 28.7° C. the cable was then transferred
quickly from the boiling water to the water in the ice
bucket. After the water temperature in the ice bucket had
ceased to rise, it measured 33.0° C. Since the total heat
gained by the quart of water was equal to the total heat
lost from the cable, we can write the following equation:

(ATwater) (CwaTer) = —(ATcABLE)(CCABLE)

where
ATwarer = the change in water temperature
Cwarer = the water heat capacitance
AcapLg = the change in cable temperature
CcagLE = the cable heat capacitance
Substituting and solving:
(33.0 — 28.7)(3961) = — (33.0 — 100)(CcapLE)
Thus, the total heat capacitance of the water and
cable in the calorimeter is 3961 + 254 = 4215 joules/® C.

Since 1° F = 5/9° C, the total heat capacitance can also be
expressed as 4215 x 5/9 = 2342 joules/° F.

Materials and Construction

The quart of water and cable must be thermally
insulated to assure that no heat is gained from or lost to
the surroundings. A Styrofoam container is ideal for this
purpose since Styrofoam has a very low thermal conduc-
tivity and a very low thermal capacitance. A local variety
store was the source of a small Styrofoam cold chest with
compartments for carrying sandwiches and drink cans.
The rectangular compartment for sandwiches was found
to be just the right size for holding the quart of water and
coax.

The thermometer can be either a Celsius or Fahren-
heit type, but try to choose one that has divisions for each
degree spaced wide enough so that the temperature can
be estimated readily to one-tenth degree. Photographic
supply stores carry darkroom thermometers, which are
ideal for this purpose. In general, glass bulb thermom-
eters are more accurate than mechanical dial-pointer
types.

The RF connector on the end of the cable should be
a constant-impedance type. A BNC type connector espe-
cially designed for use on 0.11-inch diameter cable was
located through surplus channels. If you cannot locate
one of these, wrap plastic electrical tape around the cable
near its end until the diameter of the tape wrap is the
same as that of RG-58. Then connect a standard BNC
connector for RG-58 in the normal fashion. Carefully seal
the opposite open end of the cable with plastic tape or
silicone caulking compound so no water can leak into
the cable at this point.

Procedure for Use

Pour 1 quart of water (4 measuring cups) into the
Styrofoam container. As long as the water temperature is
not very hot or very cold, it is unnecessary to cover the
top of the Styrofoam container during measurements.
Since the transmitter will eventually heat the water sev-



eral degrees, water initially a few degrees cooler than air
temperature is ideal because the average water tempera-
ture will very nearly equal the air temperature and heat
transfer to the air will be minimized.

Connect the RG-174 dummy load to the transmitter
through the shortest possible length of lower loss cable
such as RG-8. Tape the connectors and adapter at the
RG-8 to RG-174 joint carefully with plastic tape to pre-
vent water from leaking into the connectors and cable at
this point. Roll the RG-174 into a loose coil and submerge
it in the water. Do not bind the turns of the coil together in
any way, as the water must be able to freely circulate
among the coaxial cable turns. All the RG-174 cable must
be submerged in the water to ensure sufficient cooling.
Also submerge part of the taped connector attached to the
RG-174 as an added precaution.

Upon completing the above steps, quickly tune up
the transmitter for maximum power output into the load.
Cease transmitting and stir the water slowly for a minute
or so until its temperature has stabilized. Then measure
the water temperature as precisely as possible. After the
initial temperature has been determined, begin the test
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Fig 27—Nomogram for finding transmitter power output
for the calorimeter.

transmission, measuring the total number of seconds of
key-down time accurately. Stir the water slowly with the
thermometer and continue transmitting until there is a
significant rise in the water temperature, say 5° to 10°.
The test may be broken up into a series of short periods,
as long as you keep track of the total key-down time.
When the test is completed, continue to stir the water
slowly and monitor its temperature. When the tempera-
ture ceases to rise, note the final indication as precisely
as possible.

To compute the transmitter power output, multiply
the calorimeter heat capacitance (4215 for C or 2342
for F) by the difference in initial and final water tem-
perature. Then divide by the total number of seconds of
key-down time. The resultant is the transmitter power in
watts. A nomogram that can also be used to find trans-
mitter power output is given in Fig 27. With a straight
line, connect the total number of key-down seconds in
the time column to the number of degrees change (F or
C) in the temperature rise column, and read off the trans-
mitter power output at the point where the straight line
crosses the power-output column.

Power Limitation

The maximum power handling capability of the calo-
rimeter is limited by the following. At very high powers
the dielectric material in the coaxial line will melt because
of excessive heating or the cable will arc over from
excessive voltage. As the transmitter frequency gets
higher, the excessive-heating problem is accentuated, as
more of the power is dissipated in the first several feet of
cable. For instance, at 1296 MHz, approximately 10% of
the transmitting power is dissipated in the first foot of
cable. Overheating can be prevented when working with
high power by using a low duty cycle to reduce the aver-
age dissipated power. Use a series of short transmissions,
such as two seconds on, ten seconds off. Keep count of
the total key-down time for power calculation purposes.
If the cable arcs over, use a larger-diameter cable, such
as RG-58, in place of the RG-174. The cable should be
long enough to assure that the reflected wave will be down
10 dB or more at the input. It may be necessary to use
more than one quart of water in order to submerge all the
cable conveniently. If so, be sure to calculate the new
value of heat capacitance for the larger quantity of water.
Also you should measure the new coaxial cable heat
capacitance using the method previously described.





