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Dr.-Ing. Jochen Jirmann, DB NV

A VECTORIAL AERIAL
IMPEDANCE METER FOR
THE SHORT-WAVE RANGE

Aerial impedance measuring bridges
have been described for vyears in
relevant acrial literature such as the
Rothammel |2], and vet most radio
amateurs know nothing about them.
In contrast to the standing wave
meter, with a bridge information can
be obtained concerning the true value
of the aerials resistive and reactive
components.

Anyone who has ever worked with an
aerial measuring bridge will come to
think of the standing wave meter
method as something out of the Stone
Age. So why is it that the bridge
method is so unpopular, in spite of its
advantages? Probably because a two-
stage low-power balancing procedure
has to be carried out for each meas-
urement procedure and the bridge
can not remain permanently in the
feeder.

Both these disadvantages can be
eliminated with modern electronics:

The aerial impedance meter described
below represents a (relatively) simple
way of creating a vectorial network
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analyser, and is intended as an aid for
radio amateurs who do a lot of
experimenting with short-wave aerials
or who are active on field days. It
makes it possible to measure the
impedance of an aerial in terms of
magnitude and phase, and to do this
it is looped into the feeder like a
standing wave meter. Using this infor-
mation,

balanecing aerials is made

considerably simpler.

1.

PRINCIPLES OF ALTER-
NATING CURRENT
MEASUREMENT METHODS

This section is intended for those read-
ers who have no electrical engineering
training. Basic terms such as impedance,
real resistance and reactive impedance,
level and phase are explained here. A
more comprehensive picture can be
obtained, for example, from Chapter 32
of [2].

Direct current technology involves only
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effective resistances which use the
power supplied and convert it into other
forms of energy. Alternating current
technology also involves components
which store energy in the form of
electrical fields (capacitors) or magnetic
fields (coils). A capacitor also picks up
current from an alternating current
source almost without heating itself’ up.
[T the voltage and current at the capaci-
tor are measured, e.g. with a multimeter,
it will nevertheless have a resistance in
accordance with R = V/I. What we
actually did here was to carry out a
scalar (relating to level) impedance
measurement, which does not allow for

any differentiation between a resistive
load and a reactive impedance (capaci-
tor, coil). Transferred to acrial technol-
ogy, this means that we do not know
whether energy is being radiated in the
form of an electro-magnetic wave or
merely generating reactive power. This
fine distinction is not noticed until the
phase position between the voltage and
the current is evaluated, i.e. a vectorial
impedance measurement is carried out.
With a pure effective resistance, the
voltage and current are in phase. For a
pure reactive impedance, they are phase-
displaced through 90°. With a coil, the
voltage leads 90° in front of the current,
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and with a capacitor it is 90° behind it.
In practice, aerials have a complex
impedance, which has an effective frac-
tion and also a certain reactive imped-
ance.

To represent complex resistances, we
use the resistance diagram (Buschbeck
diagram), in which the effective fraction
is plotted towards the right, positive
reactive impedances (inductances) are
plotted upwards. and negative reactive
impedances (capacitances) are plotted
downwards, as shown in Fig. 1. Resist-
ances can be represented in the upper
half-plane as a series circuit of a
resistance with an inductance, and in the
lower half-plane as a series circuit made
up of a resistance and a capacitor. A
complex resistance (impedance) can be
described either in terms of an active
component and a reactive impedance or
in terms of the level (the vector length
from the origin to the impedance point)
and the phase angle between the level
indicator and the X axis,

The representation as a Smith diagram
(reflection factor diagram) which is
obtained through a transformation (con-
formal representation) in
with the equation

r=(Z ZLXZ + ZL)

should be more familiar to VHF-UHF
amateurs. By this means, the impedance
diagram is immediately standardised to
the system impedance level {e.g. 30
Ohms or 75 Ohms). The vertical lines of
the constant effective resistance are
formed into closed circles, while the
horizontal lines of the constant reactive
impedance form arcs. The luning point
lies in the centre of the diagram and the
reflection factor (in accordance with the
68

accordance

level and phase) is the indicator trom
the diagram centre to the location ol the
impedance, Z. The voltage standing
wave ratio, again, is derived from the
reflection factor through the equation

SWR =s=(1+[rDA1 [r])

If we are investigating an aerial with
various measuring instruments, an SWR
meter sees only the impedance variation
from the 50-Ohms point. Thus we know
only that the impedance lies on a circle
around the phasing point.

A tuning measuring bridge with a
variable multiplier (e.g. the Matchmaker
in [2]) continuously delivers the active
component of the aerial impedance
correctly, A reactive impedance 1s rec-
ognised indirectly from the fact that the
balancing of the measuring bridge sup-
plies no sharp zero but only a fuzzy
minimum. Only a correct alternating
current measuring bridge and measure-
ment of the reactive impedance supplies
a complete impedance measurement and
thus makes it possible to carry out
purposeful tuning measures.

2
PROCESSES FOR MEASUR-
ING AERIAL IMPEDANCE

For most radio amateurs, the concept of
aerial impedance measurement brings to
mind only the phrase standing wave
meter. Balancing an aerial is thus some-
what like an attempt to repair a modern
transceiver using a Duspol or an LED
voltage tester.
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Fig. 2: Measurement Unit Wiring Diagram

Vom Sender = From transmitter, Mefeinheit = Measurement unit, Zur Antenne
= To Aerial, Zweig = Branch, U-Trafo = Transmission transformer, Betrag
Spannung = Voltage level, Betrag Strom = Current level, Phase Strom =
Current phase, Phase Spannung = Voltage phase

Even an ideal standing wave meter
merely supplies information concerning
how far away from the tuning point we
are, It does not say whether the Aerial
impedance is too low or too high, or
whether an inductive or capacitive reac-
tive impedance is causing tuning to
deteriorate. '
[n reality, things look even grimmer, for

anyone who has not been able to obtain
a Bird Wattmeter ‘at a good pricc. or

who still has a Drake W4 or a WV4, has
to rely on the questionable accuracy of
so-called amateur SWR meters. The sad
truth is that accuracy of measurement is
not merely a matter of price. Investiga-
tions by DHI NAW have shown that
many cheap SWR meters measure more
accurately than expensive cquipment.
Moreover, nobody knows how long a
model will actually continue to be
produced without any changes. Often a
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different core material for the current
transformer or a new type of diode is
enough to bring about alterations.

For years, the best solution has lain in
looking in the Rothammel [2], where
various aerial measuring bridges are
described. The much-hyped noise
bridges, in the authors opinion, are at
present pointless if one has a transceiver
capable of continuous transmission,
which can be reset to a low power level
of less than 10 W. With a fixed 10-dB
attenuator, one has an ideal test trans-
mitter for acrial trials. Receiver / test
transmitters have too low an output for
this purpose. Since wireless transmitters
already generate total power levels ex-
ceeding 1 mW on a large short-wave
acrial, a test transmitter power of 100
mW is the minimum. The obtainable,
and much-used, 3200B power oscillator
from Hewlett-Packard from the Valve
Age is extremely suitable.

More remarkably, the advantages of
aerial measuring bridges are scarcely
known about, or they are reputed to be
very laborious to operate. It is therefore
time to consider a modern procedure
which automatically generates the infor-
mation content of a manual impedance
bridge.

The specilication was defined as fol-
lows:

30-Ohms

Measurcment in a coaxial

system

+ Frequency range 1.8 to 30 MHz or,
better, to 60 MHz (6-m. band)

— Displaying ol aerial impedance level
and phase
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= Operation with standard transceiver
power levels of max. 100 W

— More reliable displaying from 0.5 to
1 W for QRP transmitters

— Battery operation

- Format comparable with normal

SWR meter

— Operation as automatic as possible

A difficult problem lay in finding the
optimal forms of display. for here the
desirable representations differ a great
deal. The ideas range from simple
indicator instruments through luminous
spot displays and digital displays. all the
way Lo small LCD screens with a Smith
diagram representation. For this reason,
the reading generation and the display
have been separated, so that we can all
find our own solution, up to the inter-
face or the notebook.

The prototype was equipped with 20-
stage luminous spot displays. The accu-
racy of reading is adequate, and the
solution is cheaper, more compact and
more robust than using two analogue
instruments! To make it simpler to sct
the 50-Ohm point, the level scale in this
range is clectronically expanded.

Incidentally, impedance measuring is
very simple with the current/voltage
method. A current transformer measures
the acrial current. a voltage transformer
measures the aerial voltage. The quo-
tient of the levels is the aerial imped-
ance level and the phase position be-
tween the voltage and the current sup-
plies the impedance phase angle.

All the user has to do during the aerial
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balancing is to bring the two luminous
spots for the level and the phase to the
centre of the scale! With a little prac-
tice, onc can recognise the difference
between the resonance point of an aerial
(the real input resistance, but not neces-
sarily at 50 Ohms) and the result of
conventional balancing, in which the
input resistance is complex, but by
chance lies closer to the 50-Ohm point.
Moreover, it can be seen at once
whether a dipole is oo short (capacitive
reactive impedance) or too long (induc-
tive reactive impedance).

A

THE EQUIPMENT CONCEPT
OF A VECTORIAL AERIAL
IMPEDANCE METER

In the ecarlier sections, it was assumed
that we were talking about an independ-
ent solution with a buili-in  high-fre-
quency source. This will not be taken
any further, for two reasons.

Firstly, a high degree of accuracy in
targeting frequencies is necessary to set
resonances reliably  for  narrow-band
aerials, one which requires at least a
built-in counter, or better a svnthesiser
source.

Secondly. for a reliable measurement,
uninfluenced by strong wireless trans-
mitters, a high-frequency output of 100
mW or more is required, which unncces-
sarily increases the current consumption.

Since many transceivers with continuous
transmission ranges have recently be-
come available, with power levels which

can be regulated down to under 1 W,
there is no longer any reason to have a
built-in high-frequency source.

So the measurement circuit was con-
ceived for high-frequency outputs of
between 1 and 100 Watts. A level
monitoring system included which sig-
nals it this power is outside the accept-
able range. Moreover, it is even possible
to leave the impedance meter in the
aerial line, since the maximum power
take-olT is 5% of the throughline power.

A further point worth considering is the
power supply. As is well known. accu-
mulators are always empty when you
need them, and external power supplies
are dilficult on a field day. For this
reason, a normal 9-V battery (alkali/
manganese) is used as the power source
which. in spite of the circuits very high
current consumption, allows for a good
hours operating time.

A confrol circuit activates the power
supply only if high-lrequency energy is
being applied or if a key is pressed. So
operation is bound to be intermittent,
which means the battery could last out
for an entire portable season. The
internal current supply circuit is de-
signed in such a way that it will operate
with any DC voltage from 3.5 to 20
Volts, so thai nothing stands in the way
of operating with an external supply.

As already mentioned, two 20-stage
luminous spot displays are used in the
prototype. If so desired, they can be
replaced by two indicator instruments
with the zero point in the middle. A
solution using a' PIC or 80C51 wmicro-
controller was also taken into considera-
tion for the all-digital people.
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4.
REALISATION

The aerial impedance meter consists of
the following fucntional blocks:

Reading measurement with voltage and
current transformer

Level measurement with quetient outpul
and display scaling

Phase measurement

Luminous spot displays with driver
circuit

Power supply

4.1. Reading measurcment

The readings for the voltage and the
current in the feeder are taken by two
conversion transformers. It is simplest if
the current transformer takes the form of
a saperstructure. The internal conductor
of the coax cable leads through a ferrite
ring core (FT 50-43 in the prototype)
and forms a primary winding for the
transformer. The secondary coil has 7
turns made from 0.5 mm. cnamelled
copper wire (uncritical) and feeds a
50-Ohm resistance which, for reasons of
high-frequency capability and current-
carrying capacity, consists of four paral-
lel-wired 0.6 W-metal layer resistors,
type 0207,

In Fig 7 - a photograph of the specimen
apparatus, the transformer can be seen
made from % semi-rigid cable with a
ring core transformer sunk in a slot in
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the printed circuit board, it has a
compensation capacitor of | pF at the
aerial output. A band width of exactly 1
MHz to 1 GHz was obtained. The
inherent reflection remains below 20 dB.
which should suffice.

The voltage transformer was initially
wound as a simple 7:1 transformer but,
in spite of the lower frequency, that was
a failure. Depending on the type of
winding, cither the stray capacitance or
the stray inductance was too high. One
way out was a 3:1 trifiliar transformer (3
x 13 turns of Tellon-insulated wire-wrap
wire on FT 50-43) followed by a
voltage divider made from metal layer
resistors (due to the current-carrying
capacity). With two ferrite beads and a
small longitudinal coil (they attenuate
control resonances in the VHF range) at
the internal conductor tap, a frequency
response error was attained of better
than £ 0.15 dB from 1 to 100 MHz, The
amplitude error for the two measuring
channels remains less than 10% in the
range from | to 60 MHz!

How did the winding ratio of 7:1 for the
measuring transformer come about?
With 100 Watts and tuning, a high-
frequency voltage of 70.7 V is obtained
on the line. After transformation, that is
10 V in the voltage path. With standard
high-frequency diodes with a blocking
voltage of 40 V, this voltage can be
reliably rectified. If the high-frequency
power is reduced to 1 W, high-fre-
quency voltages of 1 V are obtained,
and we are still in the linear range of the
rectifier characteristic.

Even if most OMs think only of
germanium diodes for the rectification
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of the higher H-F voltages, there are
more modern solutions. Siemens (now
Infineon) have developed the BAT 62
Schottky diode as a replacement for
germanium detectors. It has data corre-
sponding somewhat to the AA 119 or
AA 143 demodulator diodes known of
old, the blocking voltage being some-
what higher (40 V) and the capacitance
considerably lower. Among other things,
Fig. 3 shows the reading measurement
circuit section.

At the output of the rectifier, two direct
voltages are available which represent
the readings for the voltage level and
the current level at the aerial connection,

4.2. Level measurement

To measure the impedance level, the
output voltages of the voltage trans-
former and current transformer are recti-
fied at high resistance. The two DC
voltages actually had to be divided by
one another which, in analogue circuit
technology, requires a bit of effort. A
digital divider circuit, in the form of a
micro-controller, is certainly simpler,
but you then also need two analogue/
digital converters with 10 to 12 bit
resolution and corresponding  display
technology. So that idea was ruled out
from the start.

If it is desired to represent readings over
a wide range of values, then a logarith-
mic scale suggests itself. The better
analogue logarithmic circuits form the
logarithm from the ratio of two voltages.
Such circuits have been put forward
many times in VHF Reports. A look at
Tietze-Schenk [1] will provide further
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assistance.

As Fig. 3 shows, the logarithmic circuit
consists of two precision OPs (OP 07 or
MAX 400) and a p-n-p double transis-
tor. or two sclected BC 559 individual
transistors, It forms the logarithm of the
quotient of the two voltage values. See
[1] for more details on this method.

At the output of J1 the logarithmic level
signal appears, and a voltmeter with a
central zero setting could be directly
connected here. Since such display in-
struments are rare, there follows an
amplifier stage with a TL 082 (J3),
which provides adjustable amplification
and voltage offset. The output voltage is
scaled for the LM 3914 luminous spot
modules used in the specimen, which
require a voltage of 1.25 V for [ull
display.

A non-linear voltage divider (R 36, R
40, D 8, D 9) is incorporated between
the logarithmic circuit and the display
amplifier. This addition was DJ 3 VYs
idea and ensures that the scale is
extended by the factor 3 around the
50-Ohm point, thus making it easier to
adjust for precise tuning,.

The window comparator | 2 is a
constituent part of the level measurc-
ment equipment and, depending on the
voltage measured, it switches on one of
the three LEDs Level Too Low (< 1 W),
Level OK (1 to 100 W). or Level Too
High (= 100 W). Reliable measurements
can be obtained even with power levels
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of under 500 mW!

4.3. Phase measurement

For phase measurement, the output volt-
ages ol the measurement transformer are
first converted into square-wave volt-
ages. Two gates running as monostables
generate spike pulses, which set and
reset an RS flip-flop. The mean value of
the flip-flop output voltage is then the
phase measurement value.

To start with, the high [requency is fed

directly to the corresponding scries-
connected 74 AC gate. As long as RF is
present, everything is fine. But when no
RF is fed in, the gates go into lincar
drive, and their current consumption
rises giving the risk of overheating. For
this reason, pulse formers are series-
wired with differential amplificrs.

As Fig. 2 shows, a limiter with two
Schottky diodes which are connected
prior to the inputs. The operating point
of the amplifiers is set in such a way
that the open-circuit output voltage lies
at around 2 V. ie. below the critical
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linear range. The two trimmer capacitors
at the outputs are used for tuning at high
frequencies.

The differential amplifiers were initially
assembled using the correct high-fre-
quency transistors, but the circuit
seemed to have ideas of its own. It was
not clear what was happening until a
sampling oscilloscope was used with a
10 GHz band width. On the pulse tops
of the square-wave voltage there were
self-oscillations bouncing up to 2 to 5
GHz! A telephone conversation with DF
8 CA brought the solution. The transis-
tors were too good. What was nceded
were lame high-frequency  transistors,
BFS 17 is a derivative of the ancient
BFY 90 type. with a transit frequency of
app. | Glz.

Following the differential amplifiers. the
two signals are square-wave to some
extent. Two 74 AC 00 gates provide for
the final square-wave formation, and
two monostables, which utilise the gate
running times and the RC time constants
of the inputs, generate negative spike
pulses with a width of 3 to 5 nsec.
which set and reset a flip-flop which is
also formed using 74 AC 00 gates.

The current signal is phase-displaced by
1807 with regard to the voltage signal,
which is set to have the polarity of the
current transformer. With a resistive
load (0° phase between voltage and
current), a rectangular voltage with 50%
mark-space ratio appears at the output
of the lip-flop. Depending on the phasc
angle of the aerial impedance, the
mark-space ratio varies from 25% to
75%, or the mean voltage following the
low-pass filtration varies from 1.25 to
3.75 Volts. As in the level channel, a
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TL. 082 (second part of | 3) provides for
the tuning of the level and the open-
circuit voltage. Here too. a voltmeter
can be connected up directly.

4.4.  The display module

Anyone with lots of space will be well
served with two voltmeters or milliam-
meters as displays. especially as the
operational amplifier supplies enough
voltage (+ 3 V) and current (= 20 mA)
to drive almost any instrument.

A 20-place luminous spot display with
LED bar modules saves space and is
precise enough for the application. Trig-
gering can easily be provided using two
LM 3914 cascaded LED luminous spot
drivers from National Semiconductor
[3]. They are wired up for a display
range from 0 to 1.25 V. because that is
the simplest external circuit. The circuit
used is practically the application cir-
cuit.

There are no constraints for the display
assembly. If we start with a micro-
controller with an LCD module as a
display assembly, then the following
options can be obtained:

Combined display as numerical value
and bar diagram

Graphic-option LCD display with repre-
sentation as Smith diagram

The signal frequency which is anyway
present in the CMOS level is divided
down using a [ixed divider and counted
by the micro-controller.

The reactive impedances can then be
converted into inductances or capaci-
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tances.

The micro-controller supplies control
signals for an automatic aerial tuner

The last concept. in particular. is fasci-
nating. since the aerial tuners present in
amateur transceivers. or externally. can
function well only if hardly any tuning
is actually necessary. They are still a
long way [rom what can be bought
second-hand (rom Marconi or Rockwell-
Collins.

4.5.  Power supply

The measurement electronics  require
two stable distribution voltages of | 3
V. the power consumption on the posi-
tive side being much higher. Initially,
we thought of two accumulators and two
fixed voltage controllers, but then it
would have been necessary to monitor
the charging condition of two accumula-
tors. The alkali/manganese batteries al-
ready occasionally used are more advan-
tageous. for they have a long-term
storage capability and an energy content
which is about three times as big as that
of an NiIMH accumulator column,
Against that, the voltage drops upon
discharge to around half the rated
voltage. Thus to utilise the batlery
capacity only a switching controller
power supply with a wide input voltage
range is advantageous.

In the present case, a 9-V power unit is
sufficient in terms of capacitance, even
if this type of battery, in contrast to, for
example, DIN 40863 round cells, is not
optimised for high loads. Now things get
difficult. The initial voltage of the

-
e
batteries is far above the output voltage,
while the end voltage of the batteries is
a little below it!

This is not a problem with a converter
transformer, but the expense still scares
people off. Enlightenment came from
some pages in the 1996 Data Book of
Lincar Technology [4]. There we find a
smart transformer circuit called a Sepic
transformer, which can transform up-
wards and downwards and, in addition,
needs only a bifiliar wound storage
choke and an AC voltage [ixed clectro-
Iytic capacitor. So. in brief. a lest circuit
was soldered together with a standard 1C
for upwards transformers (LT 1172 from
Linear Technology) and things went
well over an input voltage range from 3
to 20 V. Above that, things became
critical for the integrated power transis-
tor and the output-side Schottky diode
from the point of view of voltage. With
the help of an auxiliary turn and a linear
sccondary controller. even the negative
supply can be obtained. Fig. 5 shows the
result. This is virtually the cheapest way
to do it.

But there still remained one standard
problem for all battery-driven equip-
ment. It is put away swilched on and
forgotten. Then one can only hoped that
the battery really is leak proof and will
not pour its clectrolyte contents into the
equipment. But something could be
done here using the stand-by mode of
the LT 1172, If pin 2 is carthed at low
impedance. the switching controller goes
into stand-by and needs 50 pA max.! A
timer, triggered by pressing a key,
switches the equipment off after a short
time, but an LMC 3555 (CMOS version
of the NE 555) needs about 200 pA, far
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Fig. 5:

Current Supply with Switch-On Control

Ruhestrom = Open-circuit current, Betrichsstrom = Operating current, Betrag
Spannung = Voltage level, Einschalttoggle = Switch-on toggle, Ein-Taste = On
key, Speicherdrossel = Storage choke, Kern = Core, Liegend = Horizontal,
Luftspalt = Air gap, Durchgehend = Continuous

too much.

After one day, the timer circuit shown in
Fig. 4 came about, with two BF 254 As.
The kev (the break contactl) starts the
transformer IC. The negative voltage
blocks the upper FET through the R 66
time function element, C 24, for ap-
proximately 10 seconds. Then the trans-

former switches off again. The lower

FET triggers switching on if high fre-
quency is applied. If the voltage of the
voltage rectifier is suflicient to block the
FET (app. 1 V on the BF 245 A), then
the equipment switches on and remains
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on as long as the high frequency is
present, but for a minimum of 10
seconds. Now only continuous high
frequency or a mechanically blocked
Key can suck the battery dry. In intermit-
tent drive (10 minutes continuous trans-
mission. 10 minutes pause). a measure-
ment time of 70 minutes was obtained
anyway, which should be sufficient for a
field day season.

Naturally, there is no obstacle to an
external power source at 4 to 16 V
either. However, since the transformer
power supply has no voltage isolation,
caution is advised so as to avoid
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short-circuits through the coax cable
external conductor. With external power
supplies. in particular, the battery must
be powered in a practical way.

-

5.
INSTEAD OF ASSEM!
INSTRUCTIONS

From discussing the matter with a few
radio amateurs, we found that literally
cach one of them would have preferred
a slightly different solution. For this
reason. the author does not want to try

to lay down full assembly instructions,

but rather to stimulate people to produce
their own custom-built solutions using
the components described above, in
several assembly stages. Since the cir-
cuit contains some SMD components, it
can anyway be recommended only for
experienced solderers!

Assembly stage 1: Reading measure-
ment and cross-pointer instrument

Anyone who has had the opportunity to
inspect old medium-wave transmitters
will bhave been struck by the large
Buschbeck-type cross-pointer wattmeters
in the control panels. Anyone who has a
sensitive cross-pointer instrument avail-
able can just assemblc the reading
measurement system as per Fig. 2, with
voltage and current transformers and the
two rectifiers, for some first trial steps.
You will then have a combination of
relative output display and impedance
level display. As long as the voltage and

current readings are the same, the two
pointers will form an cquilateral trian-
gle, which inclines to the left or right
when impedance discrepancies occur.

Assembly stage 2: Level measurement

In Phase 2, the logarithmic apparatus
and, il nceessary, the level display, must
be added. A sensitive measurement
apparatus with the zero in the centre can
be directly connected, with a matching
voltage multiplier. to the output of the
operational amplifier, J1.

Assembly stage 3: Level and phase
measurement

For universal use, the circuit as per Fig.
3 is fully assembled. Then any display
instruments desired can be universally
connected. 1 necessary, the wiring of
the output operational amplifier (J5) can
be modified.

Supplement 1: Luminous spot display

For a compact apparatus, the luminous
spot display module as per Fig. 4 is the
optimal solution. A format of 150 x 73
X 30 mm. can easily be realised using a
two-level construction (display printed
circuit board piggyback on the measure-
ment printed circuit board).

Supplement 2: Power supply
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Fig. 6: Specimen Apparatus with LED Bar Display

Supplement 2 involves a power supply
using the Sepic transformer which is
used Tor the battery operation of the
apparatus. Anyone wanting only to carry
out measurements at home can use any
properly stabilised power supply which
can supply = 5 V at max. 300 mA.

Something else which could come into
question is a micro-controlled evaluation
circuit which, in addition to the level
and phase display, can, for example,
measure the power or count the trans-
mission frequency, in order to convert
reactive impedances into component val-
ues.
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6.
BALANCING INSTRUC-
TIONS

For balancing and operational checks. in
addition to a transceiver or a high-power
signal generator, we need a (good)
50-Ohms loading resistor and an oscillo-
scope. A power attenuator is also useful.
You can construct a few test standards
vourself at little expense:

— BNC connectors with short cable
ends (max. 2 to 3 cm.) have the

following adapted test loads:
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Fig. 7:

Wave

=2 x 10-Ohms 0.6 W metal layer
parallel, yields 5 Ohms for lower
range limit

—2 x 1 kOhm 0.6 W metal layer
parallel, vields 500 Ohms for upper
range limit

— Capacitor with 320 pF (or standard
value 330 pF) vields capacitive reac-
tive impedance of 50 Ohms at 10
MHz

— Coil with 800 nH vyields inductive
reactive impedance of 50 Ohms at 10
MHz

The measurements are carried out with a

View inside Specimen of Vectorial Aerial Impedance Meter for Short

power level of a few Watts. Those who
have no faith in the behaviour of their
transceivers in the event of mismatch
should connect up a power attenuator to
the output of the transceiver, so that | to
2 Watts of power will come out.

First, feed in approximately 1 W and
connect the load at the output. There
will then be two voltages of about the
same size o measure at the Current
lLevel and Voltage Level measurement
points (discrepancy < 10%), they being
a little more than 1 V. This step
indicates the functioning of the measure-
ment transformer voltage and current,
and any coil faults existing are discov-
ered.
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With an open output the current reading
must drop to almost zero, while with a
short-circuited output it will be the
voltage reading! The first series of tests
is completed by a test at the lower band
limit (1.8 MHz) and the upper band
limit (30 MHz).

A tip: many multimeters, especially in
the cheap range, indicate house numbers
for measurements in high-frequency cir-
cuits. If the results are not clear, first
check the high-frequency operation of
the multimeter.

For the next steps, the Sepic transformer
must be running, or else two laboratory
mains supply circuits are used to gener-
ate the £ 5 V. There is nothing to
balance in the transformer power supply,
for if R 67 and R 68 in Fig. 4 are
correctly chosen as 1% metal film
resistors the 5-V supply is correct!

Only the input voltage range can be
tested. With a load amounting to 200
mA at 5 V and 50 mA at 5V, the
voltages must be correct over an input
voltage range of 3 to 20 V. If the
transformer is not working properly,
check whether the switch-on key is open
and whether the windings in the storage
choke are wrongly connected!

In a third step, the operating points of
the differential amplifier are adjusted
with no R present - using R 15 and R
16 set the outputs between 1.8 and 2 V
at the Voltage Phase and Current Phase
measurement points. Tf high frequency is
present. 1wo square wave voltages with
the input frequency, which are in phase
opposition, are to be measured at the
measurement points. If they are not in
phase opposition, reverse the polarity of
the secondary coil of the current trans-
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former. If the voltages are not square
wave, there is probably a problem with
the oscilloscope. It should have a band
width amounting to 100 MHz, and the
probes must have very short connections
to the assembly (I < 2 em.), especially
the earth line! The two phase trimmers
remain turned right down (minimum
capacity!).

The fourth step sets the measurement
range of the level and phase displays. 10
MHz and | to 3 Watts are again used
for the test signal.

With R43 in Fig. 2, we bring the
luminous spot indicating the level with a
50-Ohm dummy load to the centre of
the scale. With R 48, we set the
maximum amplitude in such a way that
for a test resistance of 5 Ohms the
left-hand scale end is reached, while the
right-hand scale end is rcached with 500
Ohms. The two balancing points are
interdependent. so several passes are
needed.

The same steps are taken for the phase
channel with R 50 (scale centre) and R
55 (full scale deflection), but the coil
and the capacitor act as the test stand-
ard,

Finally, the phase compensation is set:
dummy load at output, test signal 30
MHz or (if possible) 54 MHz. The
phase display will no longer be in the
centre here. By experimentally turning
in the trimmer capacitors in the differen-
tial amplifiers, the phase display is
centred. If a trimmer is operating in the
wrong direction, it comes back to the
minimum position and we go to the
other trimmer.

This completes the balancing. It is
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recommended that you test the function-
ing again at regular intervals.

If we now connect up the switch-on key,
the equipment must switch on when
there is high frequency present and
switch off when the high frequency
switches off, or after 10 seconds. If the
switch-on confrol is not w