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INTRODUCTION

Thr Heathkit Model HA-102 RF Powser Meter is a reliable
instrument for measuring the RF power output and the
SWR IVSWR) of an amateur radio station or other similar
types of transmitting systems, The Power NWeter can be
permanently  installed in the transmission line without
affecting the transmitting and receiving capaktlities of your
statiorn.

The Power 7later gids proper transmitter tuning as the meter
indicates maximum farward power when the transmitter is
iuned for maximem output, At the SWR setting, the meter
measures the mismatch betaween the transmissian  line
cohnected 1o the input terminal and the load connected to

PARTS

Check each part against the following parts list. The key
rumbers correspond to the numhbers i the Parts Pictorial
ttold cut from Page 31 MOTE: YWhen more than gne number
is on a package, disrogard all but the part number as listed
Lk,

KeY PART PARTS DESCRIPTION

Mo, Ma. Per Kit

RESISTORS

1/2-Watt, 5%

1 9-thy 2 470 (1 (yallow-viclet-brown}

1-122 1 3300 12 lorange-orange-red)
1-68 i 22 kIt {red-red-orange)
1-152 1 82 kL lgray-red-orangel
1-104 1 100 kit ihrown-black-yellow)

Other Resistors

2 1-16- 1 6B 11, 1.wart, 10%
(hlue-gray-black}
3 24t 1 g0 kIl 1/2-watt, precision

the output terminal. This information is of great value in
making antenna adjustments and in determining the
allowable frequency working range of the antenna.

This unit is designed for use cnly with a transmission line of
50 1t nominal characteristic impedance. 1t has negligible
msertion loss, The indicating meter is mounted in a smal
cabinct for use ot the operating position. For convenience,
the detector portion may be removed and positionsd up 19
six feet away with the cable supplied. No external power is
required,

LIST

To order 3 replacement part, use the Parts Order Form
furnished with Lhis kit. f a Parts Order Form s oot
avaitable, rafor 1o “Replacement Parfs” inside the rear cover
of the Manual.

KEY PART FARTS DESCRIPTION
Ma. Nao, Per Kit
CAPACITORS
4 20-148 2 100 pF mica
5 21-1B1 1 7.7 oF ceramic
2911 2 160 pF ceramic
21-140 9 001 pF ceramic
21-27 2 [05 pF ceramiac
6 31-57 1 2.7-20 pF trimmer
CONTROLS
7 10-33h 1 =
B 13153 1 200 L2 with switch

{ApPEaTance may vary)
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KEY PART PARTS DESCRIFTION KEY PART PARTS DESCRIPTION
No. Mo, Per Kit Mo. No. Per Kit
INDUCTORS-DIODE-SWITCHES METAL PARTS
9 40-1011 1 Teoroid coil
. . 30 905031 1 Cabinet 1op
10 5620 3 1285k disde {red-white-
geeﬁh ode { e 31 90-604-1 1 Cabinet chassis
11 8053 1 Shide switch 32 214-116 1 Hemote chassis cover
. : 33 2141152 1 Remote chassis
12 6347 1 S-position rotary switeh
restt o 34 205-778 1 1/8" x 3/4” alignment tool
blade
HARDWARE MISCEL LANEQUS
#4 Hardware 5 o
13 250-213 8  4-40x 5/16" screw 5 7930 I Strain relief
14  257-15 g 4-40 nut 7583 1 17" square insu lator paper
15 2549 8  #4 lockwasher 8514431 1 Cireuit board
36 2076 1 Cable ctamp
16 250-170 8 #5x 1/4” sheet metal screw 38 407-155 1 Meter
I50-360 8 #6 x 1/4" black sheet metal screw o 4365 2 §0-238 connector
17 250-56 B B-32 x 1/4™ hinder head screw 40 462191 2 Knob
18 250-162 B 632 x 1/2” binder head screw ©1 3905 1 Nut starter
19 9593 5 5.32 nut 42 475D 5 Ferrite bead
90  263-89 1 D-washer 43 391-34 [ Elue and white label
71 7541 10 #4 lackwasher 340-3 1 Bare wire
97 2509 1 #6 solder lug 346-21 1 Teflon™ sleeving
347-39 1 S-conductor cabla
Other Hardware RO7-260 1 Parts Order Form
32 25043 > 8.32 x 1/4™ setecrew 5597-308 1 Kit Bujlders Guide
94 7?5027 o Control nut 1 Assembly Manual (See front
25 253-10 2 Controf flat washer cover for part number.]
26 254-35 i Controt lockwasher Solder
27 255-30 1 Control spacer O UPoRt Fasicrered Tradsmark,
28 2E6-A 3 G-32 » 374" threaded spacer Hrent TRaR
29  2h712 1 Evelet
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CALIBRATION

Before calibrating the Meter, prepare an alignment tool in
the foflowing manner: Locate the small 1/8” x 34
alignment teo! blade. Refer to Figure 1 and install the blade
into the smail end of the nut starter as shown, Leave 1/8” of
the blade protruding from the end of the alignment 1o,

m—— MNUT STARTER

METAL
BLADE

Figure 1

WOTE: During the fodlowing steps, the remote cabinet may
be placed so you can essily maka the adjustments whila
watching the meter.

SWR BALANCE ADJUSTMENT

NOTE: Ferform steps 1 through 8§ to make sure you have a
narmal cutput frem your transmitter, through the meter, 1o
your dummy [oad. You must obiain a reading on the RF
Power Meter scale before continuing with steps B through
15.

1,[‘k/ Check to see that the metar needia is directly over
the zero on the scale, [f it is not, adjust the screw
head on the meter case slightly to position the
needie over the zero,

E‘JJ‘

Connect a bilobhm nonimductie load, such as the
Heathkit Cantenna, to the remote chassis QUTRUT
jack. {Ses Figure 3 on Page 14].

Connect the transmitter output to the INPUT jack
on the remote chassis. {See Figure 3.1

3.4

4. Set the FUNCTION switch to 20X, {See Figure 2.|

a1 Push the SWR SENS control knob in and tum the
control fully counterclockwise.

— -
[— - —

E L]
-
J— R AT KT

=iy - TR
FLHET] Ok SENS IVIVITY
SWITCH COMTROL AND
SWITCH
Figure 2

E{[ Set the CALIBRATION switch, on tha rear of the
remote chassis, to NORM [see Figure 3).

?.N\An on the transmitter, and set it to the CW mode

in the 40-meter band. Then tune the transmitter
and watch the RF Power Meter neadle move
up-scale. H the meter needle does not mowe
up-scafe, refer to the “In Case of Difficulty”
section of this Manual.

B.( m'the Trarsmitier output level down.
8. w/éer the FUNCTION switch to SWR,

10.1 Increase the transmitter output level until a reading
of approximatety 25 is seen on the 200 RF Power
heter scale. Even if the meter reading is not this

/ﬁ'gh, progeed with the foliowing steps.
11.1¥1 With the SWR SENS control knob still pushed in,

set it for a full-scale reading.

121 \J/ Refer to Figure 3, and adiust SWHR NULL frimimer
C4, through the rear of the remote chassis, with the
alignment tool {fut starter) for the best null or
gragtesi dip of tha meter needie. This reading
should be at or near zers. NOTE: Do not use any
metal tool other than the nut starter blade to make
thaswe adjustments,
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13.n/: Increase the transmitter output 1o full power and
readjust SWR NULL trimmer C4. Make this final
adjustment carefully and precisely, The accuracy of
the instrurnent depends on a well-balanced bridge
Fin:uit.

14.4 J/Hepe.a.t steps 12 and 13.
r/}

After removing the paper backing place the 17
square insulator paper over the hole to trimmer G4,
This adjustment must not be disturbed during the
following steps.

15.
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CAUTION: ADIUST WLTH THE ||I VY

MUT STARTER BLADE QHLY. I\'*. I'“;\N
1 [

Figure 3 ]] \x"\

Do not disconnect the BF Power Mater, the transmitter, ar
the load; they will be used in the following section.

POWER METER

This section of the Manual contsins two calibration
procedures: one for calibrating the RF Power Meter on the
A0-meter band, and one for calibrating the Meter on any one
of the other bands.

For maximwm accuracy, the Meter should be calibrated on
the 40-meter band, evan if it is going to be used on the other
pands. Therefore, if your transmitter will tune to the
40-meter band, use the “Normal Calibration™ procedure to
calibrate your Mater, However, if your transmitter will not
ture ta the 40-meter band, use the “‘Calibration on Other
Bands* procedure. Since the mater readings are more
accurate in the upper-half of the meter seale, it Is desirable
o use 3 trarsmitter that is capable of delivering at keast 100
watts of output power for either calibration procedure.

Normal Calibration

[} Turnihe FUNCTION switch wo 200.

{ ) Adjust the transmitter output ta 108 watts.

{ } Compiete the calibration as follows:

1, %et the CALIBRATE switch on the remote chassis
to CAL and note the meter reading.

7 Now set the CALIBRATE switch to NORM.

3, Adjust POWER CALIERATE central RS with the
alignment tool 30 the meter reads the same a3 noted

instep 1.

4. Repeat staps 1 through 3 until the meter readings
far the CAL and NORM switch positions are the
same.

Lasve the CALIBRATE switch in the NORM positior.

This completes the calibration of your RF Power Meter,

Calibration on Other Bands

NOTE: During the following steps you will need a VTVM
with a high impedance input and an RF probe, or an RF
voltmeter to measure the RF output of your transmitting
system.

¥ you cannot tune your transmitter to the 40-meter band,
acceptable calibation accuracy can be obtained on ancther
band by uzing the following power formula:

pE

31
Whate P = watts output
E = RF voltage across the ioad
R = load resistanca

Ta determine E, measure the RF voltage across the b-chm
resistive load 1Cantennal with an RF volimeter or a YTVM

squipped with an RF probe.

With this method, the watts output determined by the
formula is comparsd with the watts reading on the scale of
the Power Meter. The Power Meter is then adjusted to read
the same as the power determined by the formuta.
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EXAMPLE: f you wish to use the 2b-watt figure on the
meter scale for calibration and you are using a 50-ohm
resistive load, set your transmitter output so the RF
vo|tmeter across the (oad reads 3b-volts RF,

95 watts (P} X 50 ohrms (A} = 1250 (E2)
E = /1250 = 35 volts lapproximately)

When the RF wvoltmeter indicates 36 volts, you know the
transmitter is putting out 28 watts; therefore, you can adjust
the RF Power Meter to indicate 25 watts.

Any other figure for watts between 10 and 2000 may be
substituted in the formula and in the exampie.

tf you have an zccurate RF wattmeter, adjust BG6 to the
same reading as shown on the wattmetor,

1. { 1 Select the power you wish 1o obtain from your
transmitter.
2. | | Use the power formula to calculate the RF voltage

that should appear across the resistive [oad when
the transmitter is putting cut the selected power
{refer to the axample).

Tum the FUNCTION switch to 200 or 2000,
depending upon the output power of your
transmi t1ing system.

3.1

Connact the RF voltmeter across the resistive load.
NOTE: Do not excesd tha current rating of your
RF proba,

4.0 )

5. { 1 Adjust the transmitter cutput so the RF voltage

across the resistive load is the same as the
calculated RF voltage.

6. { } Adjust control RS through the rear of the remote

chassis so the RF Power Meter indicates the power
you selected to obtain from the transmitter,

This comptetes the calibration of your RF Power Meter,

FINAL ASSEMEBLY

Refer +o Pictorial 9 for the following steps.

NOTE: in the following steps, the remote chassis will be
installeqt in the cabinet. If you wish to place the remote
chassis in some location away from the cabinet, so the
remote unit will be near the trensmission lines, do not
complete the following steps, In this case, ptace the four
black screws in a small envelope and tapa them to the floor
of the cabinet.

g x 104" BLACK

[ ) Position the remaote chassis inside the tap rear opening
of the cabinet. Secure the remote chassis to the
cabinet with four #6 x 1/4" black sheet metal screws.

{ | Tighten the remaining four black cahbinet screws.

(] Coil the Bconductor ramcte cable neatly and slide it
into the opening beneath the remote Unit.

( | Turn the cabinet upside down, Remave the paper
backing fram the bluz and whita labal; then, press the
iabel firmly onto the bottom of the cabinet as shown
on Picterial 8 {fold-out from this Page),

This completes the step-by-step assernbly of your RF Power
Mater,
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OPERATION

SWR METER

NOTE: The AF power meter SWR bridge can only be used
with 50 ohm nominal transmission lines. Also it will not
work on tranamission lines that are used as tuned feeders,
since tuned feeders normally have a high SWR,

1. Turm the FUNCT!ON switch to SWR.

2. Pull the SWR SENS swirch out and turn it fully
covnterclockwise.

3. Apply power to the transmitter and ture it for
maximum SF output reading. Disregard the Power
Meter resclings at this time,

d, Turn the SWHE SENGS controb clockwise for a midscale
meter reading. A minor “touch-up” tuning of the
transmitter may show an increese on the Meter. This
indicates a closer match between the transmitter and
the transmissicn line.

B. Tum the SWR S5ENS control clockwise to give a
full-scale meter reading.

5. Push the SWR SEMNS contral knob ﬂ and read the
SWR ratio directly on the lower meter scale.

Normal Operating Characteristics

Tha Power NMeter [(SWR Bridge) may be left in the
transmission line at all times for continuous monitoring

PUFPOSas.

The paaks on controliad carrier medulation will “kick™ the
meter nesdle opward. 558 and DSB signals wIll give a
bouncing indication when transmitting; s no SWH
measurement can be made with thes signals. Therefore, use
a single-tone or CW carrier with sideband transmitters whan
taking readings, Yyhen operating 558, any indication with no
moduiation indicates spuricus or parasitic emission, or poor
CAIT{BF SURRreEssion,

Physical Placement and Lossas

The detector unit may be removed from the cabinet and
placed at a location more conveniant far connection to your
transmission line. The 6° interconnecting cord that is
furnished may be replaced by a longer ona, if this is desirad.
You may even position the detector unit at the antenna,
although there is always the possibility of AF pickup on the
extended intercontecting cable from the transmission line.
| this should occur, the use of properly grounded, shielded
intereonnecting cable may be reguired, NOTE: Tha ramota
cabinet is not weatherpreafed. Any outdoor application
should be temporary,

The SWR meter readings may vary it the Meter is placed at
different locations in the transmission line, or if the length
of the transmission line is changed. For this reason, assume
that the highest SWR reading is most correct. Keap in mind
that the closer the SWR approaches 1:1, the maore accurate
the Power Meter hecomes.
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Misleading readings may be obtained with long transmission
lines since the losses in the cable tend to “smooth out™ the
standing wawves, giving & ruch better indication at the
transmitter thar actually exists at the antenna. Therefore, if
you are using & transmission line long enpugh ta have
appreciable losses, lpcata the Power Meter near the antenna,
especially when adjusting beams or tuning traps. You can
better understand the extent of this effect when you realize
that a line with a 3 dB loss will show an SWR of 3 when itis
tarminated in a8 dead short. A ling with a los of over 10 JdB
will show an SWR of practically 1:1, on this or any other
SWHR meter, regardless of what Isad or termination is
connected at the far end.

The power losses in thesa cases are occurring in the cable,
but the SWR meter reading will not indicate that anything is
wrong, YWhan in doubt, make measurements at the antenna
and at the tramsmitter, so future changes in the readings will
be meaningful. The values of cable losses a1 wvarious
Frequencies can be obtained from Figura 4. These lusses
become worse a5 time and moisture afect the cable.

With a high SWR, the transmission line losses may become
50 great that the radieted power is appreciably reduced ; with
hgh-power transmitters, the cable ratings may be exceaded,
Figurs 5 shows the effect of increasing cable losses caused
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by various values of SWH. When these losses occur, the RF
power 15 turned into heat in the cable instead of being
radiated from the antenna,

To obtain total |osses in a given length of coaxial cable,
daterming the dB los per foot of the cable from Figure 4.
This 15 done by finding your operating frequency on the
bottom line of the chart, and moving up to find the type of
vable used. By looking et this same level on the left-hand
side of the chart, you can read the JB loss per 100 feet of
the cable at that frequancy,

Mow determine the additiona! loss caused by the SWH from
Figure 5 as Tollows: Usz the amount of loss determined from
Figurs 4 and find this valug on the bottom line of Figure 5.
MNow move up the graph until you come 1o the SWR of vour
antenna systam. Move over 10 the lefi-hand side of the graph
and determine the amount of loss caused by the SWR. To
obtain the total loss of your systerm, add the valug from
Figure 4 to the value from Figure 5. Multiply the total loss
by the cable length in fast. Then divide by 100.
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Loading

The foad presented to the transmitter output circuil may
cregte conditions that make it touchy or impossible to load
the transmitter. With a low SWR, the load that the
transmitter sees is practically pure resistive. However, Jl 2
high SWE, the apparcnt load may change fram a very [ow 10
a very high resistance, accompanied by either capacitive or
inductive reartance, Those rogistance and reactance wvalues
change when the transmission line length or freguenty is
changed.

Remamber when you arg using 50 £2 nominal unbalanced
feed lines that the 3WR canngt be changed by changing the
transmission line length. However, the loading 1o the
transmitter may be changed considerably; thus making it
appear that “"pruning’” the cable length offers improvement,
when it actuatly does not affect the SWH.

The SWR can only be changed by changing the load or
termination at the end of the cakle. |F the transmission ling
length is changed, for example, with B0 L eable and an SWR
of 3, the apparent load to the transmitter may vary from
16-23 £2 o 150 £ resistive in series with reactance varying
from 66-2/3 {2 capacitive, 1o zero, to B6-2/3 I3 inductive. I

the transmitier output tuning adjustments will not
accommodate this impedance range, the transmitter will be
dgifficutt to load until the load is properly matched to the
line, When the |locad is matched, the SWR will be low,
approaching 1:1.

POWER METER

The operativn of the Power Meter iz relatively
uncomplicated, erely place the FUNCTION switch in
cither the 200- or 2000wstt position; then read the
corresponding scale on the meter scale 0 obtamn the power
outpul of the transmitter. A loadh must be connected to the
autput jack of the Meter,

Low Power Measurments (1 to 20 Watts)

1.  Place the Function switch at 200.

2. Increase the ransmitter cutput to 10 on the 200 scale.
3. Turn the Function switch to SWA.

4. Pull out the SWR SENS switch and adjust the meter
reading to 100 on the 200 scale,

5. Read from 0 to 20-watts direct!y from the 200 scale
providing the SWR SENS contral is not touched.

IN CASE OF DIFFICULTY

1.  Recheck the wiring. Trace each lead in colored pencil
aon the Pictorial as it is checked. 1t is frequently
helpful to have a friend check your work. Someona
who is ngot familiar with the unit may notice
something consistently overtooked by the constroctor.

2. It is interesting to note that about 90% of the kits that
are returned for repair, do not function properly dus
to poor connections and soldering. Therefore, many
troubles can be  eliminated by reheasting  atl
cornections 10 make sure that they are soldered as
described in the “‘Soldering”™ sction of the "Kit
Builders Guide.”

3. Check the vatues of parts. Be sure that the proper part
has been wired into the circuit, as shown in the

Pictorial diagrams and as called out in the wiring
instructions.

4, Check for bits of solder, wire ends, or other foreign
matber which may be lodged in the wiring,

b, A review of the Circuit Description and the Sehematic
Diagram may prove heipful in locating a trouble.

WOTE: Inan extreme case wherg you are unable to resolve a
difficulty. refer o the “Customer Service” information
inside the rear cover of the Manual. Your Wammanty is
located insitle the front cover of the Manual.
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Troubleshooting Chart

PROBLER POSSIBLE CAUSE

Meter reads down-scale Metear leads reversad,
on SWH o wattmeter, . Diode D1 or D2 reversed,

Higher meter reading for . Input and output plugs reversed.
EWR Set than for . Pickup coil L1 leads reversad.

SWR. . Switch 53 incorrectly
wired,

Calibrator portion of meter . Input and ocutput plugs reversed,
not funciioning correctly. . Diode D3 reversad.
Capacitor C7F, €, C11, or €9,

Résistor RS,

SWR reading while . Mearby transmitter in
transmitter iz off, Gperaticn,
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SPECIFICATIONS

Frequency Ramge . . . . . . . . . . . .. . o . . 1.8 to 30 MH=.

Wattmeter Bceuracy . . . . . 0 v v v e e e e e e . £10% of full-scale reading.”

Power Capability . . . . . . . . . . -« - .. .- To 2000 watts.

SO SErEItiVitY . L . L L e e e e e e e e e e e Less than TO watts.

Impedance . . . . . . . . . . . . . e e e e e e . 20 ohms norminal.

SWRBridge . ... ... . .............. Continuous to 2000 watts P-P,

SOMMECtOrs . . . & & L 0 e e e e e e e e e LIHF type 50-239,

Dimensions . . . . . . . . 0 . 0 e e e e e e e e e B 1/4"" wide, 5-1/16"" high, and 6-1/2"" deep,

assembled at one unit,

MetWeight . . . . . . . . o o 0 v 0 o e 2172 ks

*Jsing 2 50 £ noninductive load.

The Heath Company reserves the right to discontinue
products and to change specifications at any time without
incusTing any obligation to incorporate new features in
pro-ducts previously sold.
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CIRCUIT DESCRIPTION

Refer to the Schematic ifold-cut from Page 23] while
resding this "Circuit Description.'””

SWR BRIDGE CIRCUIT

Toroid coil L1 i3 a current pickup element for farward and
reflected power. A bus wire is routed from the Input jack
through taroid coil L1, and then to the Output jack. A
wansmitted signal routed along this wire induces a current in
coil L1, Tha voltage formed in coil L1 is rectified by diode
D3 and decoupled by capacitor ©5 and resistor R4, Resistor
RA craates a load for forward power readings. Reverse power
readings are determined, in the same manner, by the gircuit
consisting of diode D2, capacitar C2, and resistor R1,

Forvard and reverse voltages are connected to the meter
through switch S2, Sensitivity control R11, and Functicon
switch 53,

Resistor A7 is a ground-return path for diodes D2 and D3.
Capacitors ©4, €12, €13, and C1 form a voltage divider
circuit to balance the capacitive effects of the bifilar
(doubled) windings in coil L1, whith provides correct SWR
readings.

POWER WETER CIRCUNT

Current is induced in toroid coil L1 in the same mannes a3
for the SWR bridge circuit. Resistor R2 forms a load across
eail L1 to raduce the O of the coil circuit, This prevents the
transmitted frequency from affecting the wattmeter,

The wattncter is calibrated by measuring the woltage at
camtrel B, which wvaries the power going to the meter.
Resistors RE and RY are voitage dividers for the two power
ranges: 200 watts and 2000 watts,

Capacitors C7 and C8, diode D1, and voltage divider resistor
RE& through switch S1 complete a voltmeter circuit for the
w3 timeter.

By using an accurate device, such as an RF probe with a
VTV or a wattmeter calibrator, this Power Metor can be
calibrated to a desired degree of accuracy.

Ferrite beads L2 through LE prevent RF from traveling
through the S-conductor cable into the readout CITCUITS.

CIRCUIT BOARD X-RAY VIEW




