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PREFACE

The radio amateur has in recent years shown an
increasing intérast in communication on frequencies in
the v.h.f. and u.h.f. region, Activity an 4m, 2m, TOem
and 23em has increased rapidly and many cperators
fram the lower frequencies are moving into this part
of the radio spectrum, either as an alternative to the
croweded h.f, bands or because of the great interest in
the technigues involved. This very desirable increase of
interest appears to appeal to both experienced and
newly licensed operators. The introduction of the
Class B licence for telephony only on 144 MHz and
above has attractied to v.hd, many of the younger
generation of amateurs.

A great deal of the sguipment in use 15 home
gongtructed, party due 1o the considerable
developrments taking place om the w.hf. and uw.h.f.
bands, and because of this it ig felt that a manual
devated entirely to equipment suitable for use in this
part of the frequency spectrum will find a ready
acceptance.

Congiderable information already exists in other
more general hendbaoks, such as the RSGE Radia
Commurnication Handbook but  these must of
necessity give somewhat limited cowerage (o
equipment for any particular section of the radio
frequencies svailable 1o the amatéur,

The purpose of this specialised manual is to give
aaricke range of material for each of the bands, =0 the
consiructor has g selection of designs from which to
chaase and 0o Suit hig ewn individual meed, together
with asuitable amount of bagie infarmation an general
Maters,

The author’s interest in wv.hf. started in the
far-off dayvs of 5 metres whan together with tag other
amateurs, BCY and BY K m West Landan, he sai aboun
getting going an the then new band af 56 MHz.

From these soermingly far-off doys, the rapid
groweth of demand for eqguipment Far frequéncies
abowe and beyond 56 MHz, which occurred during the
Workd War |1, has continued repidly ever since. The
amateur may not so easily do things that have not
baen dong before, nevertheless there are still many
refimements that were fourd &5 o beltar way of doing
the job and quite o few of the circuit arrangements
from smateur designs have found their way into
mdern commercial equipment.

The new components and devices now availaple
o the amateur enable him to construst highly
efficient and refined equipment for communication
and to continue the study of propagation problems.

G.R.J.



CHAPTER 1

INTRODUCTION

The problems of communication increase as the
frequency is raised and the range of v.h.f. and u.h.f,
gignals is relatively short by comparison with the h.f.
bands, no round-the-world contacts are possible unless
aided by satellite or refiected from the moon.

MNevertheless contacts over extended ranges are
often possible, up to around 1000 km and beyond
under favourable propagation conditions. Highly
directional aerials are readily erected in almost any
area and the effective gain, and therefore the radiated
power, can be very much greater than on the h.f.
bands.

Before considering any of the problems that arise
in this most interesting frequency region let us first
leok at the bands and space available for operation.

R.f. output
p.e.p. for
Maximum d.c. AZ3A and
Band Frequency Range power input A3l only
4 metres 70.025 - 70.7 MHz B0 watts 133 watts
band width = 675 kHz
2 metres 144 - 146 MHz 150 watts 400 watts
band width = 2000 kHz
425 - 429 MHz and
70 cms 432 - 450 MHz 160 watts 400 watts
band width = 22 MHz
23 cms 1215 - 1325 MHz 150 watts 400 watts
band width = 110 MHz
13 cms 2300 - 2450 MH=z 150 watts 400 watts

band width = 160 MHz

The types of emission permitted on all these
frequencies are:

AMPLITUDE MODULATION

Al Telegraphy by on-off keying, without the use of
a modulating tone,

A2 Telegraphy by on-off keying of an amplitude -
modulating sudio frequency or by the on-off
keying of the modulated emission.

A3 Telephony double sideband.

A3A Telephony single sideband, reduced carrier.

A3H Telephony single sideband, full carrier.

A3J Telephony single sideband, suppressed carrier.

FREQUENCY (OR PHASE) MODULATION

F1 Telegraphy by frequency shift keying without
use of a modulating tone, one of two frequencies
being emitted at any instant.

F2 Telegraphy by on-off keying of a frequency
modulating tone or on-off keying of a frequency
modulated emission.

F3 Telephony.
L [Zm]
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Fig 1. 1. Relationship of the v.h.f and w h.f. bands.

The above chart clearly shows that although the
4m band is not harmonically related to all the other
bands nevertheless it is suitable for multiplying into
the 70 and 23cm bands. Normally, however, this band
is regarded as the odd band in this respect and most
operation is derived from 2m exciters.

The 4m band has many attractive characteristics,
it is, however, unfortunately not yet aliocated on an
international basis and only the U.K. and Rhodesia
have bands in this portion of the spectrum. There are
possibilities of cross-band transatlantic contacts with
the U.S.A. and Canada who have the &m band. It is
also a very reasonable band for mobile operation
where a standard quarter wave whip aerial is of
convenient size and the average propagation
characteristics ensure a satisfactory ecommunication
range.

Band Plan
With the rapidly increasing uss of these v.h.f. and

u.h.f. bands, by both newly licensed and experienced
operators, some planning is desirable in order to

1.1



VHF-UHF MANUAL CHAPTER 1

prevent undue and often unnecessary, interference bands are harmonically related, the fact that plans
oceurring. exist for 2m and 70cm almost certainly ensures that

So far the activity on 23cm has not justified operation in the 23cm band will follow that used on
planning but generally since the 2m, 70 and 23cm  the lower frequencies.

V.H.F. BAND PLANS
All v.h.f. operators are reminded of the British Isles Two Metre and Seventy Centimetre Band Plans, which
are sponsored by RSGB. Observance of these plans will assist in DX working and in avoiding interference to
certain frequencies in the 144-145% MHz band.

Zone 2 metres _ 70 cm.

1 144.0 - 144.1 432.0 - 432.1 C.W. Only {Nationwide).

2 144.1 - 144.25 432.1 - 432.25 Berkshire, Cornwall, Devon, Dorset, Hampshire, Somerset,
Wiltshire, Channet Isles.

3 144.25-144.5 432 25-432.5 Brecon, Cardiganshire, Carmarthenshire, Glamorganshire,
Gloucestershire, Herefordshire, Monmouthshire, Pembrokeshire,
Radnorshire, Worcestershire,

4 144.5 - 144.7 4325 - 4327 Kent, Surrey, Sussex.

5 144.7 - 145.1 432.7 - 433.1 Bedfordshire, Buckinghamshire, Essex, Hertfordshire, London,
Middlesex.

6 145.1 - 1456.3 433.1 - 433.3 Cambridgeshire, Huntingdonshire, Leicestershire, Norfolk,
Northamptonshire, Oxfordshire, Rutland, Suffolk, Warwickshire.

7 145.3-145.5 433.3 - 433.5 Anglesey, Caernarvonshire, Cheshire, Denbighshire, Flintshire,
Merionethshire, Montgomeryshire, Shropshire, Staffordshire.

145.41 433,41 Single Sideband Spot Freguency (Nationwide).
8 145.5 - 145.8 4335 - 433.8 Derbyshire, Lancashire, Lincolnshire, Nottinghamshire, Yorkshire,
9 145.8 - 146 4338-434  All Scotland, Northern Ireland, Isle of Man, Cumberland, Co.

Durham, Northumberland, Westmoriand.

Two Metre Band Channels: The following frequencies in the 144-145 MHz portion of the 2 metre band are
tabulated on the schedule to the Amateur {Sound) Licence to be avoided as they are allocated to aeronautical
use: 144.0, 144.09, 14418, 144.27, 144.36, 144.45, 144.54, 14463, 144.72, 144.81, and 1449 MHz.
Remember! The safety of aircraft and human lives depend upon the interference-free use of these channels.
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CHAPTER 2

PROPAGATION

On the frequencies covered by the v.h.f. and
uh.f. bands the propagation characteristics are
different from those met with on the h.f. bands. Good
conditions are much more likely to be directly related
to the local weather prevailing at and between the
stations at the time of the contact.

On the lower bands, particularly 70 MHz and to
a lesser extent 145 MHz, Sporadic E occasionally
provides exceptional ranges, but generally normal
ranges are confined to ground wave and are much
affected by the terrain near to the station. There is no
“sky wave’ in the usual sense as experienced on the
bands below 30 MHz.

Since ground wave working is the usual condition
the higher the location and the higher the aerial above
ground the better. In urban areas where large steel
frame buildings are frequently encountered it is often
best to make use of these obstacles as large reflectors
rather than direct aerials away from them. They do
give a considerable screening effect.

in the following sections of this chapter many of
the different forms of propagation are covered.

TROPOSPHERIC PROPAGATICN OR
V.H.F. WEATHER

It is well known that there is a close connection
between ‘‘the weather” and one’s ability to exchange
signal reports with distant friends well beyond the
horizon, and it is common knowledge, toog, that yvou
stand a better chance of working DX when the
pressure is high and the weather is settled, than when
it is biowing half a gale. But it soon becomes equally
obvious that not every anticyclone, however fine the
weather, brings about a period of anomalous
propagation, and that even when such conditions
exist, not everyone enjoys equal benefit. Occastonally,
too, 2 long-range contact is made when the pressure is
comparatively low and it would seem tikely that we
cannot hope 1o explain what is happening in terms of
atmospheric pressure alone.

What we must do, in fact, is to find out what is
happening in the atmosphere between the transmitter
and the receiver at a time wheaen conditions favour
long-range transmission, and for this we need a
function which not only shows the meteorclogical
praocesses involved but also what is happening to the
radio wave as it travels along the path.

Potential Refractive Index

In two articles on “V.H.F. Weather”, R.G.
Flavell, G3LTP, gave a full explanation of the
potential refractive index method as applied to
tropospheric wave propagation. 1

Its major sdvantage is that it enabies us to see a
vertical section of the atmosphere over a chosen point
with, and this is the real crux of the matter, most of
the factors that do not affect propagation removed.
This is accomplished by taking the radiosonde ascent
information at various heights, and adiabatically
bringing these to a standard level - say 1000mb. These
"parcels’’ of air from various heights can therefore be
seen in refractive index comparison.

The method has a limitation. Since the adiabatic
lapse rates are different for wet and dry air, if large
vertical sections are plotted through regions of
condensation, that is through cloud, this would
introduce difficuities. Normally, under anticyclonic
conditions, medium and high level cloud is dried out
by the subsidence, and low level cloud at the point of
density balance is relatively thin - between 100 - 200
feet thick - and so the regions of vertical condensation
are usually quite small.

I we plot the p.r.i. as a time section at midnight
and midday vertically owver the chosen station for a
number of days, we would find that as conditions
improved, the p.r.i. lines on the time section fall and
crowd together indicating the point or layer where the
greatest refraction is taking place.

Alternatively, we could plot a Delta K map
taking a number of radiosonde ascents at the same
time from different stations and noting the p.r..
number at the B50mb level, and subtracting this from
the surface level reading. We would end up with a
series of numbers which could be plotted
geographically and linked by isopleths to produce a
propagation map.

2.1
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Radio-Refractive Index

We are all familiar with the effects of light waves
passing from one transparent medium to another of
different refractive index, even if our experience is
limited to the sight of a stick apparently bent as it
passes into a bucket of water. A mirage is another
manifestation of changes in refractive index, and this
example is the counterpart in terms of light waves.

At frequencies above those returned by the
ionosphere the path taken by & radio wave is
determined by the varistions in the radio-refractive
index of the air it encounters. The actual changes in
magnitude which are sufficient to make all the
-difference between normal and abnormal conditions
are extremely small, and it is customary to express
radio-refractive index in **N-units' which represent the
excess over unity in parts per miflion.

The radio-refractive index of a given sample of
air may be calculated from measurements of pressure,
temperature, and some function of the water-vapour
content, such as vapour pressure or dew point, by the
use of the expression:

776 P
N=—"5%" + =
where T is the absolute temperature, P the
atrnospheric pressure in millibars, and e is the partial
pressure of water-vapour, also in miliibars.

Although this is the form of refractive index
necessary for mathemstical calculations of
ray-bending, it s not the most suitable for graphical or
pictorial analysis. One reason for this is that the
normal changes of N with height tend to obscure the
abnormalities which give rise to anomalous conditions.

Potential Refractive Index, K {which must not be
confused with k, the effective earth radius factor),
achieves this end by reducing the meteorclogical data
to a standard pressure of 1000mb. This results in a
change of temperature in accordance with a
weli-known law of thermodynamics {the same one
which causes the end of a bicycle pump to get warm
when you compress the air inside} and although the
amount of water-vapour remains unchanged, most of
its attributes, such as vapgur pressure, dew-point and
relative humidity will alter,

if these new values, together with 1000mb as the
value for P, are inserted in the original expression for
N, the result will be the potential refractive index, K.

A value of potential refractive index is the value
of normal refractive index which a sampte of air would
have if it was taken adiabatically to a pressure of
1000mb. M we convert a change of atmospheric
pressure to a change of height, it can be seen that air
which is forced to rise will expand and cool - due to
the reducing pressure - while on the other hand if it is
forced to sink (i.e. anti-cyclonic subsidence} it will be
compressed and its temperature will rise. These
changes are termed adiabatic. That is, cooling or
heating has taken place by pressure changes alone, and
without loss or gain of heat by any other means.

3.733 X 10%¢
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CHAPTER 2
Anticyclones

It is well known that the most prolonged and
pronounced periods of anomalous propagation
coincide with the presence of regions of high
atmospheric pressure in the vicinity of the
transmission path. At such a time the air circulation
consists of light surface winds spiralling outwards from
the centre of an anticyclone, and for these to be
maintained air must be brought slowly down from
aloft.

As the subsiding air descends, its pressure
increases, producing dynamical warming {the bicycle
pump effect again). Now air at, say 20,000 feet holds
very little moisture even when saturated and as the
capability of the air to retain water-vapour increases
very rapidly with temperature, by the time the air has
descended to about 5,000 feet the amount which it
contains is only a small fraction of the amount which
it could hold at its new temperature. Therefore,
although no water-vapour has been taken awsy, the
descending air has becomne very dry, compared to air
normally found at that level.

The interesting peint, which may now be
obvious, is that the mechanism controlling the
temperature, and hence, indirectly, the relative
humidity or dew-point of the subsiding air, is the same
one which was used to reduce the refractive index
value to a standard pressure of 1000mb and this means
that the air, as it decends, tends to retain its ariginal
value of K (Fig.2.1).

PRESSURE __ 700mb
TEMP .......... =3%
DEW POINT...... ~3°C
REL HUMIDITY ... 100%s
K = 286

10,000 FT

PRESSURE...850mb
TEMP ... ~5%
DEW POINT. .. —2.5%C
REL HUMIDITY...41-5%
K = 286

A KILOGRAMME OF AR AT
THIS PRESSURE AND
TEMPERATURE COULD
HOLD 9-1 GRAMMES OF
WATER VAPOUR

5,000 FT

Fig.2.1. An example of changes resulting from the
adigbatic descent of a sample Klogramme of air
containing 3.78 grammes of water-vapour.

This is where potential refractive index scores
over other derived units, because, as we shall see,
large-scale downward movements of air are almost
invariably involved when v.h.f. signal enhancements
oceur and the K value provides us with a mean: of
identifying and following a particular part of an air
mass as it undergoes adiabatic change.



Now to return to the anticyclone. The portion of
the atmesphere near the ground is generzily a region
of turbulence due to convective currents and
mechanical stirring brought about by the presence of
obstructions, either natural or man-made. This causes
the removal of water-vapour from the surface by
evaporation, to be distributed in the first few
thousand feet of air where it may ultimately show
itself in the form of cloud. Rising air cools and
increases in humidity by an inversion of the same
reasoning already applied to descending air. Eventually
then, it would reach saturation and further cooling
would cause water droplets to form if condensation
nuclei are present. At this stage the process is no
Jonger reversible, but that need not concern us here.

It is quite likely therefore that the warm, dry
subsiding air will find itself in close vertical proximity
to the relatively cool, moist, turbulent air stirred up
from the surface, and there is then a sharp transition
at the subsidence boundary.

D.R T K

500 - 18 _
w 18 5
- [
3600 sussioing | | M
;," AIR _|28
z =
~700 '—m§
& -8 2
A =4
2800 - &
£ BOUNDARY. Az
*900 LAYER =

%)
TURBLULENT -2 =
1000 — AlR [ o
I T ) s Sl T o 0T BT
-30-20-10 0 10 201250 300 350
TEMPERATURE & DEW POINT POTENTIAL
() REFAACTIVE [NDEX
{M—umiTs)

Fig.2.2. Distribution with height of temperature,
dew-point and Potential Refractive Index through the
subsidence boundary layer.

In terms of K, or N for that matter, an ascent
through the boundary laver is characterised by a
sudden steep fall in refractive index with height, Fig.
2.2., and this is a change in such a direction as to cause
abnormal bending of the radio waves back down
towards the earth. Under these circumstances, a
low-angle ray from the transmitter could be returned
to the ground many miles beyond the normal horizon,

The Subsidence Boundary Layer

The effectiveness of the transition layer will
depend upon its height, its horizontal extent and its
intensity. When warm, dry, subsiding air is present
aloft, the more the water-vapour which is available
below, the sharper will be the transition across the
beundary. Many operators will be able to testify from
their own experience to the excellent results obtained
during an opening when thick fog sets in during the
gvening, and, as another instance, the almost unlimited

PROPAGATION

supply of cool, moist air available in the lower layers
over the sea accounts for the higher median signals
received on over-sea paths, as compared to land paths
of a similar length.

Under the meteorological conditions normaily
encountered near the surface, the amount of
water-vapour held in suspension is the most important
factor in determining the refractive index. The
quantity required to saturate @ given volume of air
increases rapidly with increasing temperature,
approximately doubling in value for each rise of 10°C.
The low values of temperature usually found in the
lower levels in a winter anticyclone result in relatively
low values of refractive index, even when the air is
saturated. This reduces the magnitude of the transition
layer beiween the convective air below and the
subsiding air above, which, in turn, reduces its
effectiveness as an aid to long-range v.h.f. propagation,

In summer when the temperature is high and the
air is capable of holding a large amount of
water-vapour, air passing over land is normally dry
(because of the large amount of water-vapour required
to saturate it), again resuiting in fow values of
refractive index. This often produces a very marked
diurnal variation in propagation effects, high signais
being most common in the late evenings and early
mornings.

The best compromise between temperature and
availability of water-vapour commonly occurs in
autumn, and some of the most spectacular openings
occur around September and October. Autumn
anticyclones may persist for two or three weeks, and
conditions will be observed to vary considerably over
this period although pressure remains high.

Most Favourable Part of an Anticyclone

There is a well-known rule-of-thumb among
amateurs both here and in the United States, which
suggests that the most favourable conditions for v.h.f.
signal propagation occur when the path lies o the
western side of an anticyclone.

We have seen that subsiding air is an essential
requirement, bringing air from aloft which becomes
dry and warm as compared to the normal low level air.
But the mere presence of this air is not enough. To
provide the steep lapse of refractive index necessary
for abnormal ray-bending there must be air of high
refractive index below it, and it is the transition region
between thermn which is atl-important, Now this region
is the result of a slow, steady flow from above, and a
turbulent or convective motion from below, the latter
largely determining the height and sharpness of the
boundary.

Consider the circulation around an anticycione,
which is clockwise in the Northern Hemisphere. On
the Eastern side air is travelling towards the South,
usually towards regions of increasing surface
temperature. a situation generally leading to an
increase in convection and turbuience, This raises the

2.3
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boundary and, by spreading it, makes it a more
gradual transition. The reverse argument applies to the
Western side, where the boundary tends to become
fower and more proncunced, due to the more stable
conditions below. On these grounds then, one wouid
expect the Western side to be more likely to give rise
to longrange propagation, and this is borne out by
observation. It needs to be emphasised though, that it
is not the subsiding air which gives abnormal
conditions it is the sharpness of the contrast between
its refractive index and the higher values encountered
near the ground which is important. For a given path
length there wili be an optimum height for the
boundary layer, although asa general rulethe lower it
descends, the more effective it will be, until a height is
reached which cannot be "“seen’'’ by the lowest angle
radiation from the transmitter. and the lowest angle
reception at the receiver. The possibility of multi-hop
propagation, particularly over paths crossing the sea,
complicates any attempt to derive a hard-and-fast
connection between layer-height and distance over
which reception is possible for a given power, and
there is frequently evidence of ‘“‘skip” effects over
long-distance paths.

A descending layer may ultimately reach the
surface, initially over high ground, and subsequently
over a wide area. When this occurs during a spectacular
opening a mysterious ‘‘drop-out’’ results, since the
refractive index gradient in the subsiding air is
markedly below normal. High aititude stations may
then experience the disappointment of hearing their
neighbours still in contact with distant stations which
to them have disappeared.

For a station located at an appreciable height
above sea-level, periods of what is to everybody else
abnormally good propagation may iurn out to be just
the reverse. Strange though it may at first seem, the
cure for this is to reduce the height of the aerial
system - a difficult decision to accept for anyone who
has transported equipment up the side of a mountain
the hard way, but nevertheless a fact. Under such
circumstances, wet-and-dry bulb thermometers should
reveal low relative humidity which will confirm any
such suspicion regarding the cause of the apparent lack
of activity on the band.

CHAPTER 2
Locating the Subsidence

We are now in a position to appreciate how
potential refractive index assists in an analysis of the
state of the stmosphere during periods of anomalous
propagation.

Along a particidar transmission path during
normal conditions refractive index tends to be
distributed horizontally as shown in Fig 2.3. The
changes of refractive index with height are inversely
proportional to the spacing of the lines, which are here
uniformly distributed.

Subsiding air will cause potential refractive index
lines to be brought down to abnormally low levels, as
discussed earlier (Fig.2.2). The lines nearer the ground
tend to rise slightly and the overall effect is of a region
of steep lapse at some distance above the ground.
Whenever this is present signals become higher in
strength over a given path, and receivable over greater
distances, provided the paths are favourably placed
with regard to the location of the subsiding air.

A wvery simple technigue enables this to be
placed. Censider once again Fig.2.3. If the change in K
between top and bottom of the diagram is calculated
for various points horizontally, the greatest differences
will occur in the region of the subsiding air. If such
differences are derived for a horizontal “slice’ of the
air above the British Isles, we can, in fact, tocate the
subsidence by drawing the different contours, or
Delta-K lines {Fig.2.3). It is convenient to take for this
purpose the difference between the K wvalue at the
surface and that at a height where the air pressure is
g250mb {approximately 5,000 feet} since this
information is always available without interpolation
from data reported by radiosonde stations.

It has been found that paths experiencing high
signals are symmetrically placed to the pattern of the
corresponding Delta-K chart, and that when signals
have fallen the pattern has become asymmetrical. In
other words, although conditions are generally good in
the example pictured, the path AB is more likely to
experience signal enhancement than either of the
paths AC or DE, since the former has a symmetrical
distribution of Delta-K values along it.

K = 280
K = 280
830mb
K = 300
K = 320
K = 340
SURFACE

OF

REGION
HRIGHEST 4K NALVES

(a)

(b {c)

Fig.2 3. Development of the Delta-K chart. {a) Uniform distribution along path. (b) Subsiding air revealed by
displacement of K Lines. {¢) Contours of constant difference in K values between surface and 850 mb. Path AB,
symmetrical to the pattern is more favoured for enomalous propagation than paths AC or DE,
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In practice, the subsidence boundary layer does
not always occur between the surface and a pressure
of 850mb. It js fortunate that when it is above, the
region of steepest lapse {i.e. where the lines are closest
together) generally has below it a compensating slack
gradient. In this case the Delta-K contour lines enclose
a centre of low value instead of high, as criginally
considered, but the same symmetry observation is
found to apply.

Calculating K

Referring to Fig.2.4 which is a skeleton outline
of part of 2 meteorological temperature-entropy chart
known as a “tephigram’ on which K isopleths have
been drawn, three scales are of interest in the present
matter, namely, the pressure lines sloping diagonally
fram bottom left to top right, the temperature lines
running vertically and the K lines which curve round
the top left-hand corner. In the interests of clarity the
values above K = 310 have been omitted although the
lines themselves have been inserted.
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Fig. 2.4, Section of tephigram for calculation of K.
{Reproduced by permission of the Journal of
Atmospheric and Tervestriagl Physics).

To find the K value corresponding to a given
combination of pressure {P}, temperature (T), and
Dew-point (Td}

(a) Locate the point corresponding to (P, Td),
using the appropriate skew axes.
{b) Through this point lay, and hold steady, a

transparent straight-edge paralled to the
sloping dashed lines,
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{c) With a pencil in the right hand follow the
pressure line to the point (P, T).

(d) Return horizontally to the straight-edge and
make a dot beside it.

{e) Interpolate from the K curves the potential

refractive index value at the dot.
As an example, where P = 1000mb. Td=0°Cand T =
10°C, then K = 302.

If required for raytracing purposes, the normal
refractive index value, N, may be calculated from the
K walue by the use of a factor dependent on the
pressure, derived from the expression:

K/N = (1000/P)° 4
where P is the air pressure in millibars at the level of
the observation.

The K-Profile

As has been described earfier, K values may be
calculated from observations of pressure, temperature
and relative humidity. A graph of K values obtained
from a radiosonde ascent, plotted against height {or
more commonly air-pressure, as this is more readily
available) constitutes a K-profile.

Details of all the British radiosonde reports are
published by the Meteorological Office in their Daily
Aerological Record. With the diagram described earlier
and a certain amount of practice an ascent to 500mb
can be converted to Potential Refractive Index and
plotted on graph paper lconstituting a K-profile)
within five minutes. Although a plot to this pressure
level is usually worthwhile during periods of
subsidence, all the features likely to affect v.h.f.
propagation will appear wel before 500mb, and it
may be thought an advantage to terminate the work at
700mb (about 10,000 ft} as has been done with the
illustrations to this article.

It is a goed plan to record all the data directly on
the plotting sheet at the appropriate pressure levels, as
shown in Fig.25 lcm to ten K units and 20mb
respectively are very convenient scales {o use and K
may be expected to range between 250 ang 340 units
over most of the year, occasionally extending a few
units beyond either end in the surmmer, referring of
course, to British isles conditions.

It is hardly necessary to point out that although
the published skeleton diagram can be used for K
calculations, it is nat sufficiently large, or detailed, for
accurate work. The best plan is to transfer the K lines
to a full-sized tephigram chart, as this will allow values
to be read off in comfort to the nearest K unit.

The Cross-Section

An early authority on propagation, Publius
Ovidius Naso {better known under his trade name,
Ovid) once wrote, “Things which are not of value
singly are useful collectively’'. Whilst it is hardly fair
to regard an isolated K-profile as being of no vaiue, it
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Fig.2.5. K-profile derived from radiosonde pressure
(P}, Temperature (T), and Dew PFoint (Td) data,
obtained by Hemsby, Norfolk at i2.00 GMT on 3
December, 1962. The vertical line to which various
values have been profected would normally form part
of a cross-section or a time-section.

is certainly true to say that its usefulness is enhanced
many dB when combined with other K-profiles in a
cross-section.

A crosssection is used to find the wvertical
distribution of potential refractive index along a given
path at a given time.

The way the levels at which certain K values
occur can be transferred to a vertical line is shown on
the side of the K-profile diagram (Fig.2.5). The line
would be one of a series, spaced in proportion to the
distance between selected radiosonde stations as
nearly as possible along the path of the cross-section.
Care is needed to identify on the vertical {ine turning
points where the profile slope changes sign at one of
the chosen values, turning points at other intermediate
values, and ordinary crossing points, beyond which a
rise or fall continues. These all supply useful
information which helps to complete the space
between stations (Fig.2.6).

Wwhen the chosen path Is oo far from a line of
radiosonde stations for them to be representative, data
must be interpolated by drawing a series of horizontal
charts of the K distribution over the British Isles at
50mb f{or less}) intervals, and transferring the
distribution along the line of the path on each to the
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appropriate level of the cross-section. A surprising
amount of detait results but the work is considerable.

The construction of K cross-sections is one of the
most rewarding ways of investigating anomalous
tropospheric propagation. If very longrange signals
have been heard at a time when nothing of interest
appearad on the appropriate cross-section, it is fairly
safe to presume that Sporadic E, the aurora, or some
orbiting product of the space age has been the agent
responsibie.

CAMBORNE CRAWLEY HEMSBY DE BILT
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Fig.2.6. K cross-section through Hemsby, using the
levels derived from the K-profile of Fig.2.5. This wasa
notgble high signal occasion.

The Time-Section

Another way of displaying potential refractive
index in the vertical is to show how it varies from
profile to profile above a given place. The result is a
chart very similar in appearance to the cross-section,
but the horizontal scale is now not distance, but time,
and its length is limited only by the interest or
patience of the construction (Fig.2.7). The levels at
which various K values occur on each profile are again
transferred to a series of verticals on a sepsarate sheet,
in this instance evenly spaced and 2cm apart (a scale
of dem = 24 hours).

The time-section gives an immediate indicaticn
of periods when anomalous v.h.f. and u.h.f.
propagation is likely. It refiects the passage of pressure
systems on the surface weather chart and, being based
on the results of only one radiosonar station, is easy to
maintain on a current basis if the necessary
meteorological data is available.
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Fig2.7. K time-section for Hemsby, in which the
profile of Fig 2.5 is combined with others showing
conditions before and after.
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Fig.2.8. Showing how the tHme-sections and
cross-sections are related. Other planes containing
time-sections for the other stations and cross-sections
for the other times may be imagined to interlock in a
- Similar way.
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3-D with a Difference

Since any K-profile can form part of both a
time-section for a given station and a c¢ross-section
through that station for a given time, it is evident that
the two forms of presentation must have a lot in

common, In fact, a series of cross-sections for a
particylar period and the individual station
time-sections over that same period interlock

compietely as is suggested in perspective in Fig.2.B.

Although this exercise is one which would be
difficuft to complete without having to retain the
services of a qualified psychiatrist, the idea is an
important one as it not only relates the appearance of
particular features on both types of diagram but,
should difficulties arise, also allows one sort of plot to
he used as a guide to drawing up the other. [t hereby
follows that observations made relating to the
interpretation of either diagram may be regarded as
applying equally well to both.

Air in Motion

The most familiar demonstration of air in motion
is of course, provided by the wind. But although a
pen recording of the signat strength of a distant v.h.{.
station frequently bears a strong resemblance to an
anermometer record of wind speed, there is no
evidence of a direct connection between them. There
is, however, also a less apparent but very important
movement in the wvertical, ranging from the gentle
downward flow of subsiding air associated with an
anticyclone to the fierce up-currents found inside a
thundercloud, which have been known to tear the
wings off aircraft, and are for this reason rather
unpopular with the airline companies.

it was shown earlier that air descending
adiabatically {i.e. without addition or subtraction of
heat) retained its K value and restilted in low values
being brought down towards the ground. The converse
applies initially to ascending air, but here the laws of
nature demand that temperature falls as pressure
decreases, a circumstance put to good use by the
manufacturers of compressiontype refrigerators.
Eventually the temperature drops so far that it
reaches the dew-point and condensation occurs,
marked by the appearance of cloud. Further ascemt
causes more water-vapour to condense and this may
result in quite large droplets being produced by
coalescence, which are then likely to fall out of
suspension, a phenomenon known teo us in the trade as
rain.

Up to the condensation level, the K value of a
sample of air ascending adiabatically remains constant;
beyond that the latent heat released brings about a
decrease in potential refractive index with height
which, however, only serves to emphasise the
appearance of ascending air on the cross-section and
time-sections. It is soon recognized as the trademark
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of depressions, a consequence of the winds spiralling
inwards having to displace the air upwards in order to
prevent a dreadful pile-up from developing at the
centre,

Lows and Highs

As an example let us examine a portion of the
Crawley (Sussex}) potential refractive index
time-section for April 1962,Fia.2.9., representative of
conditions over Southern England. On Easter Sunday
evening signals from the West of England were
received in the London area at good strength, This was
the 22nd. and there is no mistaking the signs of
descending air on the time-section, nor of the
boundary which formed around B3S00mb. An
anticyclone was approaching from the Atiantic.
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Fig.2.9. The K rime-section for Crawiey, Sussex, for
the period April 21-25, 1962 analysed in some detail
in the text. The layers of steep K gradient have been
shaded.

During the evening of 24th April signals frem
Continental stations were received in South East
England at quite good strength but subject to fading.
Reports of conditions on the 23rd are conspicuously
absent, but an ominous tongue of ascending air will be
seen on this diagram, and this has forced the
subsidence literally out of the picture. |t was caused
by the flank of a depression centred over North East
France which guickly moved away past the Low
Countries, allowing the anticyclone to return and
extend across to the Continent. The double layer
apparent on the 24th i very conducive to deep
multi-path fading.

However, on the following evening 25th. April,
conditions had improved to provide excellent contacts
between stations in South East England and F, ON,
PA, DL and DJ. Notice that there is a single layer
again, this time just above 900mb. Amateurs in the
Midtands and North shared none of this activity, but
their turn was to come on 26th. April when a different
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high pressure centre took over and the main region of
subsiding air appeared over the UK,

RADIO REFLECTION OF V.H.F.
SIGNALS BY BACK SCATTER
AURORAL PROPAGATION

If we consider the chain of events which can lead
up to an aurpral gccurrence, our starting point must
be inside the sun. Somathing happens there, exactly
where we do not know, to cause a solar flare
{eruption) to take place somewhere on the disc. The
ultra-violet light-rays, X-rays etc. which are emitted,
result in a considerable increase of ionization in the
earth’s ionized layers. In fact, the lower tayers are so
heavily affected that long distance communication
becomes impossible; absorption and relatively low
tevel reflection being so severe. At about the same
time the solar eruption causes particles to be blown
out from the sun's interior due to very sirong
magnetic fields being created. These particies result in
the phenomenaon now termed the “Solar Wind™*. The
sun’s normal magnetic field ¢an also be disturbed, and
it is believed that very large electric currents flowing
across the sunspet, i.e. eruption hole, result in local
magnetic disturbances, which cause the emitted
particles to have spiralling trajectories. These become
trapped in a magnetic cone, which reaches out into
space, sweeping round with the sun’s rotation until
this catches up with the earth, and literally sprays it
with the emitted particies. The resultis an aurora.

The position of a sunspot in relation to the earth
is a most important factor infiuencing auroral and
associated effects. If a flare occurs near the sun's
central meridian, at a point looking at us, this can
cause far greater disturbance than one, say, nearer the
polar latitudes, out on the westerly limb (disc edge)
which is rotating away from us.

It is useful to remember that not all solar flares
and associated eruptions disturb the earth’s magnetic
field, in fact, many flares which are responsible for
short wave “Dellinger” type fadeouts never cause
aurorae at all,

It appears to be important for auroral effects
that the solar flare be in certain areas, usually denoted
“M’ regions, meaning “magnetic disturbance region”
or “activity centres’’. Very good radio aurora can also
occur without any noticeabie solar flare (as it is
possible for the flare to occur unobserved on the far
side of the sun) and the auroral particle stream, sweeps
round with the solar rotation until it catches up the
earth.

The surface of the sun has no features which
enables us to fix positions and, being composed of gas,
it rotates at different speeds at different latitudes. An
average of its rotation viewed from the earth is termed
a “synodic period”’ meaning that looking from the



earth the same part of the sun is directed towards us
once per synodal rotation (27 days approximately), so
the same eruption hole, if still active, can repeat
auroral disturbances for a number of synodal
rotations. This has been plotted in the Synodic Plot
for 1957-59, Fig.2.10, which tends to show that some
parts of the sun's surface are more prone than others
to cause auroral disturbance. It should be noted that
the plots are not sun spots but “auroral occurrences”.
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Fig.2.10. A synodic plot, which shows the

considerable difference in auroral occurrence in
reiation to the position of the Sun's disc. Note the
frequency (line A) rofation 1411-1420 in contrast to
line B where no repeats occurred. Point A on the Solar
dise is most likely an activity region.

Now, a sunspot cycle is measured not only by
the number of spots appearing at a given time, but also
by their position on the disc and their magnetic
polarity. Sunspots start in the higher latitudes, about
30° North and South, and slowly appear in lower
fatitudes as the solar cycle proceeds, ending in the
equaiorial regions about 7° North and South. As it
takes about two years for an old cycle to end, aftera
new one has started, at sunspot minimum the new
reversed magnetic polarity spots occur at about 30
Morth and South together with old cycle spots at
about 7° North and South. During sunspot maxima
the concentrations are about 13° North and South.
There is also a tendency for the maximum number of
eruptions to occur in the sun’s Northern Hemisphere
during one 11 year cycle. The spot magnetic polarity
also changes. This really means there is a 22 year
cycle.

it is interesting to note that ever since the days
of the earliest astronomical records right up to the
present iime, large spots hardly ever occur within a
small band centred on the sun’s equator. This is due to
the magnetic polarity changing at this point.

in the 1930's Dr. Dellinger showed that there
was a correlation between the occurrence of solar
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flares and wvery sudden fadeouts of long distance
shortwave communication due to very considerable
ionization in the lower layers.

The “Solar Wind”

This is a term used to describe the constant
outflow of ionized gas expelled by the sun. Dyring
solar outbursts {flares or spots) the “solar wind” can
increase from a gentle breeze to become more like a
raging hurricane, when giant streams of strongly
ionized very hot gas are shot out like jets from a hose
pipe. In terms of speed the ionized gas travels fast
{about 20-24 hours for the sun/earth transit), but it is
slow compared with the ultra-violet, X-ray, radiation
and cosmic particle times of about 8 to 15 minutes for
the 93 million mile journey. This is due to the ionized
gas spiralling, because the sun’s narmal magnetic field
is very distorted near its sunspots where usually an
extremely strong magnetic longitudinal field exists,
This grows cut into a kind of cone around which the
ionized gas spirals, resulting in a slow forward velocity.

As the sun rotates, the magnetically trapped
ionized gas streams sweep up to and engulf the earth.
However, auroral occurrence is much more likely
during Spring and Autumn periods. This is because the
earth's magnetic field is coupled to the solar wind and
the sun's magnetic field more effectively at these
times, due to the tilting of the sun's axis, i.e. it is
rather like mutual coupling between coils.

There is considerable evidence to support the
contention that the "axial” times are best, i.e. the
periods when the sun’s North or South Pole (rotation
axis) is filted towards the earth. This reaches a peak
twice a year, first on 10th. April and again on 10th.
Cctober. During the “Epochs” in early December and
June the Solar Equator is seen from earth with the
Pales at the limbs. This is generally a very quiet
auroral period. The solar wind can affect the earth’s
rmagnetic field, and in order to appreciate this fact we
must first understand just how the field comes about.

The Earth’'s Magnetic Field

Many believe the earth’s magnetic field is due to
a large mass of iron at the centre of the earth which
somehow or other becomes magnetized. This is far
from the truth, in fact, it is doubtful whether it is
possible to magnetize the earth’s core at all because it
15 certainly above the Curie temperature of iren and
couid only be para-magnetic (very weak). A maore
reasonable explanation, and one which, as will be seen
later, fits the aurora case well, is that large electric
currents flow in the ionized layers (particularly the E
region} and set up magnetic fields {the auroral and
equatorial jets). The total effect is known in scientific
circles as the ''ring cufrent’” magnetic theory. There is
also the “dynamo” theory which is used to explain the
production of the earth’s stable background magnetic
field - so called because it reguires the earth’s rotation
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for its existence, together with circulating currents in
the crust. There is also the effect of surface magnetism
in rocks etc., but for all practical purposes this can be
ignored. Fig.2.11 illustrates the earth’s magnetic field
in space as the field angle of dip.

In order to measure magnetic force, a system of
“absolute units” was introduced by Gauss at his
taboratory in Gottingen during 1832. This, expressed
in terms of “unit length, mass and time'’ gives the
basic magnetic unit - the gamma - 105 gammas = 1
c.g.s. centimetre, gramme, second} unit. Any point on
the earth may thus be measured in terms of the
miagnetic force and is directly comparable to the basic
unit lzid down by Gauss.
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Fig2.11 (a) Illustrates the earth’s magnetic field in
space as the field angle of dip. {b) Shows the
relationship of the radiation belts. The outer parts are
mostly charged particles which ultimately cause
auroral effects. In practice there are not two distinct
zones but rather a merger from one to the other.

The stable background magnetic force is listed
for any recording station as a mean reading, e.g. for
Lerwick in 1960 the “horizontal force” was 14,000
gammas (0.14 c.g.s. units} and "vertical force”” 47,000
gammas {0.47 c.g.s. units). All the variations are
relative to these basic “means’”. Due to the “'secular”
{long period) magnetic changes these “mean’ values
vary slowly, e.g. for Lerwick the 1960 horizontal force
increased by 15 gammas and the vertical force by 28
gammas over the 1950 “means’”. The range between
the extreme values recorded during 1960 were - “H”
force 3283 garnmas, “Z" force 1151 gammas. The
“declination” {difference between geographic and
magnetic North) at London in the year 1815 was
24° West, whereas at the present time it is only
10° West. So secular changes are caused by the earth’s
internat background magnetic field changing slowly
with time. The precise reason for this is, at the
present, not fully known.

The earth’s total magnetic field {internal plus
external) is measured in three directions, usually
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referred to as “vertical” (Z), "dectination’” (D) (this
being the angle between the magnetic North Pole and
the geographic North Pole), and “horizontal’” {H). The
curves shown in Fig.2.12 illustrate the daily magnetic
departures frem the mean variations of D-H-Z meaned
for the year 1959 for Eskdalemuir, Scotland. Magnetic
effects are recorded for quiet and stormy days. It is
interesting to note that Z, ¥ and D swing about a
mean in relation to time e.g. in relation to the sun's
position relative to a fixed point on earth. This tends
to show that the electrical conductivity of the
ionosphere and associated electric currents vary also,
and that the daily variations in the earth’s surface
magnetic field are mainly due to external causes. It
should also be noted that, under magnetic storm
conditions, it is the extent of variations that changes,
not so much general character. Here then is the clue to
auroral activity - large surface magnetic changes are
the result of large ionospheric electric currents, majniy
in the E region. This means that strong ionization
must be present to carry the current, many charged
particles {e.g. electrons and protons) must be available
to supply the driving power, and the sun must be able
to supply the particles.
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Fig. 2.12. This iltustrates the daily magnetic departures
from the basic mean of changes in D-H-Z for the year
1959 at Eskdalemuir (Scotland) showing means of
both "‘quiet’” and ‘“disturbed’ days. Note that it is the
extent of change which varies with disturbed condi-
tions, and not so much the general character.
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Fig.2.13. {a) Shows the comparability of K indices for different magnetic observations. A lower limit of Gamma

varigtion in either D,

H or Z for any three-hour period (00.00.03.00, 03.00.06.00 GMT eic) will give the

appropriate K indices for the station. (b) Shows the comparability of K indices for observations in g given region.
For the sake of clarity the charts have been displaced although these are to the same Scale and Show the total for
each day of September 1957. This is the basis of the Kp figure. For example, 12 observatories in a region are
“meaned’ to give the “planetary” (Kp) figure - an indication of the magnetic activity for the region.

All magnetic variations at a station can be
compared by a coefficient K, which is a measure of
any range of variation out of Z, D and H added over
and above the particular station’s normal variation, the
extent of K being defined for the particular station.
This means that any figure for K 1-9 is comparable
station-to-station in terms of magnetic variation from
naormal, even though the exact individual variables are
different. This point is explained in the table shown in
Fig.2.13. which lists Lerwick {Shetfand), Eskdalemuir
{Scotland), College {Alaska} (a station situated right in
the auroral zone) and Kuyper (Sumatra), almost at the
equator. The K indices are the range of the most
disturbed element D, H or Z, taken over a three-hour
interval. As a rough guide, {o increase K by one means
that the gamma variation is about doubled. Eight K
figures are issued sach day starting at 00.00 - 03.00,
03.00 - 06.00 GMT etc.

The importance of K indices is that they are a
direct measure of the earth's magnetic field variation
and, indirectly, an inference of auroral (E layer electric
current) ionization conditions. As a matter of interest,
during magnetic storm conditions the total auroral
electric currents can reach a figure of 180,000 amps.
This flows as a sheet current at around the 110
kilometre height liower E layer) where, as will be seen
later, back scatter radic aurora ionization occurs. If
the K indices from a number of suitably placed
observatories are compared, then the K figure can be
deduced. This is a measure of the ‘‘planetary”
magnetic activity.

As the solar wind, or, to be more precise, the
spiralling stream of ionized particles, approaches the
earth, it gets trapped by the radiation belts. These can
be considered in two paris, outer auroral and inner
equatorial. The outer, auroral, belts must closely
follow the earth’s magnetic field pattern, so there
comes a point {well out in space} where the individual
charged particles become influenced by the earth’s
magnetic field which causes them to be deflected,
spiralling round to the earth's night side.

As the location of the surface rmagnetic poles is
known it can be assumed that the strongest fields will
be near tc these points. In practice, however, it is not
a point but rather a ring round the magnatic poles in

geomagnetic latitude 67°. These are usually referred
to now as the “radiation horns”™ or “auroral zone
horns’. As the ionized particles get nearer, and so
become influenced by a stronger magnetic field, the
rate of deflection increases, until, finally, the particles
are spiralling into the megnetic polar rings or auroral
zone horns, The protons and electrons separate in
much the same manner as Fleming's right or left hand
rule applies to electro-magnetic theory. The earth’s
outer radiation belts (Van Allen} now become filled
with spiralling charged particles which are trapped. If
the magnetic field strength is increased enough, a
point is reached when a given particle charge, velocity
and spiral thread pitch, will be compressed so that the
forward movement is halted, reversed and then
spiralled out along a line of magnetic force {Fig.2.14).
The spiralling direction remains the same but the
particles shunt to and fro between the earth’'s
magnetic polar rings with such velacity that they make
a round trip in only hundredths of a second. A see-saw
spiralling “dance’” of the trapped particles then begins.
Some may carry on the “dance” for millenia of time,
pbut for others a chance collision, deflection of the
magnetic field, insufficient energy etc., can cause their
end, or, to be more specific, a change of state.
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Fig.2.14. This diagram shows a typical auroral
radiation belt particle path which is shunting to and
fro between the northern and Southerm aurorai zone
horns. Particies reverse when the spiral is at 900 io the
magnetic angle of dip {rrespective of height.
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Due to the spiralling, particles tend to drift
eastwards or westwards, depending on the charge.
Because the spiral is not circular, due to the magnetic
field at the top of the spiral being weaker than at the
bottom (nearer the earth at equatorial transit), this
total progress tends to separate the different energy
{particle) levels into layers {or shells as they are
called), which encircle the earth. The USA Argos and
Rainbow bomb tests were carried out partly to find
out more about this process, known as the “onion
skin” theory. The increase in low level E region
ionization (due to the electron shells) causes low
frequencies to be trapped, resulting in considerable
signal increase of 10 kHz to 500 kHz signals and also
atmospheric static noise. At the same time galactic
noise tends to be reduced as the electron shells shut it
out. This effect is most noticeable over the range 20
MHz - 40 MHz in the higher latitudes.

The importance of “optimum height” to radio
aurorae must not be forgotten, This is the point where
the greatest ionization and sheet current takes place,
e.g. if a particle is slowed down by collision, its ability
to cause ionization gets progressively less, but when
penetrating into the denser atmospheric gases the
chances of a collision are greater. Our best radio
reflection point will, therefore, be where the highest
level of ionization occurs, for good radio aurorae large
quantities of particles or masses of electrons are
required, and in practice this occurs only in a narrow
band about 100-120 km in height, where the auroral
sheet currents are flowing (E layer), virtually at the
top of the atmosphere. However, before it is possible
10 obtain backscatter radio signak from this area,
certain conditions must be met. The most essential
requirement is that the sarth’s magnetic field {angie of
dip) must be at or very near right angies (30°) to the
transmitted and received wave front, at the point
where the jonization is taking place. The actual area of
sky from which useable ionization can be obtained is a
function of frequency and location, but the peak or
highest signal area will always be at the point where
the wave-front is at right angles to the magnetic field
at the optimum height. (Note the use of the term
“magnetic field'" - this is deliberate in order to take
account of vertical and horizontal components).

The Field Angle of Dip

At the magnetic equator all the field is
horizontal; at magnetic North or South Poles it is all
vertical. At any point in between it is a result of the
vertical and herizontal amcunts. This is called the
“angle of dip” and can be written astan ¢ = Z!H.This
is about 67° at London at the present time whereas at
Lerwick, where the mean horizontal force is 14,000
gamma and the vertical force at 47,000 gamma, it is
72° 53. It is this "angle of dip’* down which the
spiralling particles are coming that our transmitted and
received wave fronts must cross at right angles at the

2,12

CHAPTER 2

optimum height, namely 100-120 km. This is where the
greatest level of ionization will occur. Fig.2.15
illustrates the importance of this point. There are
definite limits imposed {for any station) where the
required 90° optimum limit will occur, both in the
North/South and East/West directions.

FLUS ~— 9)"—3n= MINUS

ANGLE F DiF
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NOPTH 90" POINT
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Fig. 2.15. The magnetic angle of dip to signal wave
front shown as a “difference angle” for a transmitted
wave firom point T along o geomagnetic meridian
looking north, as the wave crosses the 110 km height
point. Point T has been taken as London.

If consideration is given to the effect of firing a
signal up, say, a geomagnetic meridian to the North,
then it will be found that at a point about 375 km
distant the signal would be crossing the 100-120 km
height auroral sheet current high ionization point at
about 90° to the field angle of dip. This will give a
goad reflection but as we progress farther North we
shall find that the resultant angle deteriorates so that
the best bistatic results will be when both stations are
positioned so that they are able to use the 9Q°
position. In practice, this means separation - East/West
is preferable to North/South. |f the North/South
component is interposed then for one or other station
the 90° angle requirement cannot be met, with
resulting deterioration of signal level.

Daily Time Periods

This is fairly straightforward and fits a standard
two period pattern. Fig.2.16a applies to the UK and
Fig.2.16b to Sweden for two typical auroral openings.
If we compare any one opening with another we will
always find slight differences, both in time and
character, for any one area. Some aurorae are very
intense during the afternoon phase, with little or no
midnight phase, or are reversed with intense midnight
activity and little afternoon. Occasionally they are
very intense during both the afternaoon and rnidnight
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wax and wane effect.

phases. Some show a gradual build-up of activity,
whereas others start very suddenly, and some last only
a short period - say half an hour - while others go on
for three hours at a phase.

Superimposed on the general picture is a seasonal
variation which results in small time changes of the
individual phases, e.g. in summmer the afternoon phase
tends to be slightly earlier and the midnight slightly
later than at the equinoctial times, but for all practical
purposes this effect can be ignored, as it has no real
effect on general amateur operating.

Auroral Types

The second point which emerges from the daily
time patterns is what the writer terms “wax and wane
effect”. This is a phenomenon apparently commaoen 10
all stations in a given area. This is rather important, as
many observers have been caught out by thinking that
a decline in conditions was the end of an opening,
when in fact it was simply a wane. An example of this
is Fig.2.17 which tends to indicate that G4LX went to
bed too early! The other observation of interest is the
pattern of stations worked. There appears to be a
definite relationship between the opening of some
aurarae and the appearance of DX, In other words, an
aurora tends to open with the real long range DX
contacts, of up to 1200 km to Eastern or South
Eastern Europe. |t then declines to the more local DX,
i.e. GM or near continent, PA, OZ, ON etc., from
London, and closes with a flourish of the long range
DX. The operating patterns of Fig.2.17 are typical
examptes.

Plan Field Orientation
The basic geometry necessary for bi-static auroral

reflection showed how large strictly North/South
distances are propagationally difficult, but if we

consider the plan component, then the picture is much
more hopeful.
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Fig.2.17. fa,b,c) Some DX patterns of the midnight
phase opening of 6-7 October, 1960,
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Fig.Z2.18 shows the plan field orientation pattern
to signal wave front angle for a single station. The
shaded area is where the best signal wave front to
magnetic field orientation angles are, at the 110 km
height. The line where the transmitted or receiver
wavefront meets the earth’s magnetic field angie of dip
at right angles (the specular angle} is shown as 0° with
plus and minus variations to this. In practice, the
strongest signals will be received from the shaded area,
the optimum being along the specular angle. However,
we are not concerned with just our own position but
with that of the other station as welil. This modifies
the picture somewhat in relation to those two stations.

¥y we 42y TR KN RIE sl HW
EILOMETRER

STATHOM LOCATION
LEEDS, !‘\IGLMO

Fig.2.18. This showr the plan field orientation pattern
for a single station ar 110km height. It can be
considered as the transmitter and receiver orientation
patterns overiapped or superimposed. The shaded area
iz where the best orientation angles are. The specular
angle Ene Is where the transmitter or receiver wave
front meets the earth’s magnetic angle of dip at right
angles at the 110km height, with the variations as phus
and minus to this. In general practice it is not possible
fo use more than about plus or minus 5° from the
specular angle, but it must be remembered that the
ionized area extends about 20km in height which
modifies the pattern somewhat.

The transmitted plan pattern has, in effect, been
moved in relation to the received one, so the patterns
are no longer superimposad, but rather overlap one
another, the precise area of overlap being a function of
gach station’s location, In other words, bi-static radio
auroral contacts can only occur if the plan field
orientation pattern of one station suitably overlaps tha
plan field orientation pattern of the ather, and if this
area of sky is lonized.

Fig.2.19 shows the overlap of the respective
patterns for stations in tondon and Stuttgart. It is
clear that contacts are possible, and if the London
station beamed North-East the specular reflection line
could be used over a considerabie distance, thereby
improving the chance of greater signal strength. The
Stuttgart station’s field pattern is such that it cannot
better 3° to 62 off the specuilar line in the overlap
area. The beam headings shown in Fig.2.19 were those
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actually used by the respective operators, and are
about the best compromise that can be made between
the respective field lines with 30° beam widths. The
importance of this contact is that it shows a typical
“East of North” bias for the UK station’'s beam
heading. Many UK operators expected the best signals
to come from North or even magnetic North.

This is not the case, however, as the optimum
bearm heading depends upon the location of the two
stations and their respective plan field orientation
overlap. if both stations can use an area of sky, which
allows specular reflection to both of them then the
greatest levels will result. But if either location is
changed, then the best area of sky is that which is as
near the specular as possible, though with resultant
deterioration of signal levels.

STUTTGART

(b)

STUTTGART

Fig.2.19. fa,b). This shows the plan field orientation
patterns for stations in London and Stuttgart, the
overlap area, and the respective operators’ beam
headings at the times of contact. The line of sight limit
is taken as 1200km, beams (2m) 30° wide. The dotted
line is specular reflection for the London station

It cannot be stressed toa aften that the
opportunity to work any particular DX station, when
the strong ionization is in the right place, does not last
very long. If, say a London station hears a Scottish
station working into Poland, it does not follow that it
is the best time for him to try as the very intense
ionization necessary for these contacts appears to be
small in area, and, owing to the earth's rotation, will
Sweep over the backscatter region,

It must be understood that the general auroral
ionization region is very large in comparison with the
area that can he used by any two stations owing to



their field orientation requirements. Also, the earth’s
rotational and magnetic axes do not coincide, which
meang that the jonization area is swept from East to
West, and to a lesser degree, Narth to South, as far as
Europe is concerned. As the Kp planetary figures
climb, the aurora spills out farther South anyway, This
total effect therefore brings suitable reflection areas
into view for any particular pairs of stations at only
certain phases of the opening. However, opinions may
well diverge on this point and further observations will
be required before a more complete understanding of
this phenomenon is possible.

The wax and wane effect could also be
superimposed on this East/West, North/South drift,
and tends to break up the DX pattern into
geographically workable area.

SPORADIC “E"—"E's"
AURORAL “E"

When writing about Sporadic “E” in the sense
generally understood by the v.h.f. man, this usually
means a super opening with very high signal levels on
wo metres with the opening mainly to Southern
Europe. To be strictly correct, the precise mechanism
responsible for the very high ionization necessary to
achieve thege m.u.f's is not really understood. Many
theories, such as wind shear at "‘E’" level and the soft
X-ray solar radiation have been put forward, but so far
all fail to give a full explanation of cbserved
phenomena.

Time Patterns

Limited observation by amateurs and others has
shown a definite pattern. Firstly, this is a “summer
hermisphere’”” phenomenon, usually showing itself
between May and September during daylight hours. At
two metres Sporadic “'E” is fairly rare, occurring only
about 0.1% of the total “’'E" time, but the openings
when they occur are usually very spectacular. From,
say, the Midiands, Northern Italy, Yugoslavia or
equivalent distances in Southern Europe. are the sort
of ranges one can expect with signal levels of a very
high order.

The openings, when they zppear, come out of
the bliue and disappear just as quickly, usually lasting
only a few hours. The patchiness of the ionized cloud
and its movement can usually be observed as different
DX areas appear in turn, It is from the UK a
phenomenon extending mainly South West to South
East. There is no case on record to the writer's
knowledge where such a condition occurred to the
Nerth, although this could be due to lack of v.h.f.
amateurs on the few islands and in Northern Norway
which in the main make up the only populated areas.

PROPAGATION

Fig.2.20. This shows how the solar “X'' rays can
inerease the lonisation levels in the summer
hemisphere due to the higher conceniration.

The fact that all types of Sporadic *"E”
predominantly appear as a “summer hemisphere”
phenomenon tends to support lin the writer's view)
the solar soft X-ray theory for enhanced ionization at
“E"" level, (Fig.2.20). If we now lower the frequency
from 144 MHz to 2B MHz it is possible to show daily
time patterns, Fig.2.21, which clearly show the
daytime preponderance, but it must be hovne in mind
that at 28 MHz we are dealing with whai most
amateurs refer to as "E'S" rather than Sporadic “E”,
However, in recent times with the 70 MHz band it
would appear that 'E's” extend up to this frequency
more often than most amateurs ever supposed, and the
shorter ranges 700-1000 km where "E's” first makes
itself evident, has shown that Northerly working,
Southern UK to Scotland and Shetland Isles is possible
as well as DX TV reception from a very large area of
Eurcpe In fact, in the writer's view much of this
lower frequency "'E's™ seems to come down from the
North East and may, in fact, be born in the Arctic
skies, which during summer months are solar
iluminated 24 hours a day so therefore can pick up
whatever soft X-rays are going. There is aiso
overwhelming evidence that a type of "E’s’”” which the
writer prefers to call "Auroral E”” accompanies Radio
Aurora, but again only during the summer periods and
again at the lower frequency.

“Aurgral E”, though mainly keeping to the
daylight time pattern can occur during the early hours,
but keeps very well to the Svnodic Solar Rotation
Pattern and is noticed when Auroral propagation is
also prevalent. One theory put forward to explain this
is that high velogity electrons, which are contributing
to the Auroral lonization, cause X-rays to be emitted
by collision with gas molecules {at about “E" level
height}, and this X-ray radiation in turn causes clouds
of icnization which drift down from the North.
Whether “Aurcral E° fits a two period Daily Time
Pattern like Radio Awrora is something not yet
known.

The Scientific Studies Committee of the RSGB
are paying particular aitention to many aspects of "E”
phenomena,-in particular the.correlation of Northerly
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Fig.2.21. This shows the daily time potterns of GB3LER on 290035 kHz as recorded in London from May to

August 1965,

and Southerly paths from various points in the UK
and just over what frequency range can we expect
what results. This is a field which the v.h.f. man has
sadly neglected, but which may prove very profitable
with a better understanding of the various phenomena.

SCATTER PROPAGATION

Both mediums, lonospheric and Tropospheric,
under certain conditions can be considered as
unhomegeneous, i.e. they consist of blobs of material
as distinct from a uniform media. It is this patchiness
which gives rise to what is known as Scatter
Propagzation. True lonospheric and Meteor Scatter
differ insomuch that, in amateur circles with the
limited transmitter power and antenna gain available,
in practice, {at v.h.f.}) only Meteor Scatter is possible.
It is not strictly true to say Scatter when dealing with
meteors, as the technique Is a bit like Auroral, there
being a relationship between the angle of the meteor
trail to the wave front angles of the respective stations
- to obtain reasonable chance of rmaking a contact. This
is further complicated by the meteor particle size and
speed as these factors govern the level of ionization
which a given particle can produce, i.e. a slow burn-up
means a longer trail of weaker ionization whereas a
very fast entry and burn-up tends to concentrate it.
Obviously particle size .is important, the larger the
better. In practice most particles are about the size of
sand grains with a few bits of grit thrown in so in
practice meteor scatter contact c¢an only be
successfully accomplished under Meteor Shower
conditions i.e. such as the Perseids, the shower names
being the sky star constellation points frem which
radiants the showers appear to come, as there is an
optimum angle of meteor trail to Wave Front Angle,
and showers appear to come from fixed radiants, it
follows that some paths i.e. East/West are better than
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others at a particular time, also the best compromise
of greatest usable meteor angles is about 7° off the
mid point position at “E’’ level height {110 km).

As the whole science of meteor scatter
communication is rather involved, and the difficulties
for the average amateur wvery formidable, a full
detailed explanation of the mechanism and technigues
required is bevond the scope of this manual and no
one should seriously take up meteor scatter work
without making a detailed study of all the relevant
literature on the subject,

Tropospheric scatter is the only reliable everyday
propagation method open to the v.h.f. man who
desires to work skeds over rather long paths 260 miles
plus. Signal levels are very weak but very consistent.
Of course, it takes skilf, high power, high gain aerials,
first class receiver, DX ears and c.w. is essential. The
technique is to aim at the other station with as low an
angle of radiation as you can get. The mechanism of
propagation being a Forward Scatter one, due to the
varying refractive index of the multitude of blobs
which make up any air mass.

If schedules are maintained with any particular
DX station at say 144 MHz it will be found that a
certain minimum signal s always present, with
extensions of improvement, as normal tropospheric
conditions improve. Of course, to get the best out of
any scatter propagation circuit it is essential to have a
frequency stability of an extremely high standard,
both for the transmitter and receiver, The receiver
calibration must be beyond doubt since very narrow
receiver band widths are essential to obtain usable
signal to noise ratios at the very weak signal levels
encountered, In practice, band searching is not a
practicable proposition for any scatter propagation,
with the exception of auroral backscatter where signal
levels are reasonable.

[1] VHF Weather. RSGE Bulletin.
Part 1, March 1963
Part 2, March 1864
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TUNED CIRCUITS

The choice of type and construction of a tuned
circuit will, of course, depsnd wery much on the
resonant frequency, and will vary from a lumped
circuit {(conventional inductor and capacitor) at 70,
144 and possibly 435 MHz, to linear circuit (tuned
line) and on to cavity resonators.

A Lumped Components

-l

(b) Linear Circuit (Half-wave type)
Fig.3.1. Three examples of tuned circuits.

Also, the choice on 144, 435 and 1296 MHz wili
to some extent depend on the power level at which
the circuit is to be used, and if it is required for a
power amplifier where efficiency is of prime
importance, then the more elaborate circuit is
justified. While this may be true for the two higher
bands, there is little point in using a linear circuit at
144 MHz because the increase in power output
resulting from higher efficiency is not really
worthwhile. There are however some cases where the
linear circuit is more convenient on account of better
mechanical construction, this is usually the case where
higher power valves or transistors are being used. In
such cases quite often the output capacitance is quite
high and therefore with a lumped type of circuit {coil)
it would be quite difficult to get good circuit
efficiency. Here a linear circuit is useful, as with in
certain air cooled valves where the use of a large
diameter tube for the anode line enables the proper air
flow conditions to be met.

Another advantage of this type of circuit is that
it can become part of the cooling system and this is of
considerable importance in types where conduction
cooling of the anode is employed.

In the linear type of circuit it is often an
advantage to use a half wavelength instead of the more
usual quarter wave, this is particularly useful when the
amplifier device has a high output capacitance
necessitating significant shortening of the line. in the
half wave line it is usual to tune the end remoie from
the amplifier and to feed the h.t. in at a point
approximately a quarter wavelength from the “open
end”’. Fig.3.1 iltustrates these circuits.

There are, of course, some cases when
compromise is necessary between the parallel tuhed
lumped constant circuit and the linear type, in these
cases series tuned circuits may be resorted to as means
of getting an efficient tuned circuit.

Push-pull configuration has been shown in the
above circuits but they are equally applicable to single
ended use. In this case the circuits become half that
shown, as indicated by the dotted lines.

Another form of circuit which is generally used
in the higher frequencies, 400 MHz upwards, is the
resonant cavity. Fig.3.2 illustrates the development
from a lumped constant circuit, through the linear
circuit into a cavity.

3 [

DOUBLE LINEAR

LUMPED SIMPLE
CONSTANTS LINEAR OR c‘{g'g}? FLY
(a) (b) (c)
l‘/,.—g.._..\}
™~ i _/i
| .
% “)'
N
MULTIPLE DOUBLE LINEAR
CIRCUIT SR

Fig.3.2. Hlustrating the development of the cavity
Jrom the ovigingl lumped constant circuit.
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Another circuit which is similar to the cavity, is
the trough line, This has the advantage that it is very
much easier to construct and if closed in on the open
side becomes in effect a sguare section cavity,

Trough Line
Circuit

CENTRE
ELEMENT

FIXING BUSH
& NUT

Fig 3.3. Trough line circuits. The tuning capacitor may
be either in line with the inner conductor (resonant
line) or attached to the side wall of the trough
Another convenient method is to use a tube for the
line and to fit into the end of it a ceramic trimmer so
that tuning is effected by adjustment of the trimmer
centre element. In this case the outer element can be
removed or connected to the line as required.

At the higher frequencies, conventional tuning
capacitors are either inconvenient or too large
mechanically, or both, and it is better to use simple
disc capacitors. The size will depend on the value
required, and this can be ascertained from the chart
below.

CHAPTER 3

Series tuned circuits, which among other
applications are suitable for use where the driving
source has a relatively high capacitance, such as anode
output capacitance, can he used conveniently to feed a
push pull or balanced output if the series tuning
capacitor is of similar value to that of the source.

As shown in Fig.3.5, Co {out) should ke equal to
Ct. In this case resonance must be obtained by
adjustment of the inductor or an additional resonating
capacitor across it. The actual value of Ct will have to
be equal to the hot capacitance {working condition) of
the valve or transistor. It will need to be adjustable to
enable it to be set for proper balance.

HT+

BALANCED
OUTPUT

Fig.3. 5. NMlustrating a sevies tuned circuit.

Coupling to these various types of circuit should
be arranged so as to transfer the maximum amount of
energy either into it or out from it to the load or
following stage.

Both in the lumped constants and linear circuit
coupling follows conventional means, either by a
suitable inductor or tapping point that will provide a
satisfactory impedance match. In the case of cavity or
trough line circuits the method is the same, but
because of the different mechanical construction may
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(a) Smgle ended
inductive coupling

S

(b) Push-Pull
inductlve coupling

Linear Clrcuits

TUNED CIRCUITS

(c) Smg!e ended
direct coupiing

SR

T =

Quarter- Wave Circuits

Half-Wave Circuits

Fig.3.6. Shows methods of coupling to the various types of cireuit discussed.

appear to be wunusual,
iliustrate these poinis.

The diagrams in Fig.3.6

CAVITIES AND TROUGH LINES

The diagrams show the various methods of
coupling, and tuning, cavities or trough lines,

{a} Shows input and output coupling using direct
connection to the tunad central line.

{b) In this case capacitative coupling is shown.

{c) This iltustrates inductive coupling.

(d} Mixed capacitative and inductive coupling is
shown.

In alf these the central line is tuned by end
capacitance and there are occasions when it is
convenient to cut the line to a slightly higher
frequency than that of operation and resonate by a
trimming capacitance. In this case the line is
connected directly to the cavity or trough at both
ends. This is shown in Fig.3.7 [e) and any of the
coupling methods shown in the other diagrams may be
used.

A /] ¥y

-Q-,Dr"

37

LLL]

In these circuits there will be considerable
circulating currents on the inside surface and for this
reason the various parts should be a good fit. If plating
is used such as silver, it should be applied to the inside
surface as plating on the outside is unimportant other
than to prevent corrosion of improve appearance.

DESIGN OF TRANSMISSION LINE
RESONATORS

When designing a resonator to be used as a tank
citcuit it is necessary to know first how long to make
the lines. The resonant frequency of a capacitatively
loaded shorted line, open-wire or coaxial, is given by
the following well-known expression:

1
5rE = Zo tan J-
f isthe frequency
C is the loading capacity
A is the wavelength
L is the line length
Zo is the characteristic impedance of the line

where

e

-l;l}/

(a)

(b} {c) (d)

Fig.3.7. Methods of coupling to a trough line or cavity.

{e)
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The characteristic impedance is given by:

ZO = 138 logyy -3 Eﬁ%u

for a coaxial line with inside radius of the outer D and
outside radius of the inner conductor d
vy

_ 2D L 7
or Z = 276 logyq = er.. ¢

for an open-wire line with conductor diameter d and
centre-to-centre spacing D.

The results obtained from these expressions have
been put into the form of the simple set of curves
shown in Fig.3.8.

In the graphs, fL has been plotted against fC for
different values of Zo, with fin MHz, Cin pFand L in
centimetres,

In the case of coaxial lines {the lefthand set of
curves} r is the ratio of conductor diameters or radii
and for openwire lines {the righthand set of curves) r is
the ratio of centre-to-centre spacing to conductor
diameter.

The following examples should make the use of
the graphs quiite clear:

Example 1
How long must a shorted paraliel wire line of
conductor diameter 0.3” and centre-ta-centre spacing
1.5 be made to resonate at 435 MHz with an end
foading capacitance of 2 pF (the approximate output

capacitance, in practice, of a QOVO3-20 (6252)
push-pull arrangement)?
First, work out f x C, in MHz and pF
fC=435x 2
= 870
= 8.7 x 102
The ratio, r, of line spacing to diameter is:
1.6 _
= 3 5.0

Then, using the curve marked parallei-wire lines r = 5.0
project upwards from 8.7 x 102 on the horizontal “f x
C”’ scale to the graph and project across from the
point on the graph so found to the vertical "f x L"”
scale, obtaining:

fL = 2800

therefore, L = 2%—?50= 6.4bcm approximately
The anode pins would obviously absorb quite a good
deal of this line length but, if the lines were made Bem
long, with an adjustable shorting bar they would be
ceriain to be long enough.
Example 2

A transmission line consisting of a pair of 10 s.w.g.
copper wires spaced 17" apart and 10cm long is to be
used as part of the anode tank eircuit of a
QOVOE-40A (5894) p.a. at 1486 MHz, How much extra
capacitance must be added at the valve end of the line
1o accomplish this?

For a pair of wires approximately 4° in diameter
spaced 1", ris about 8. Also £ x L isequal to 145 x 10

TUNED CIRCUITS

i.e. 1450. Estimating the position of the r = 8 curve
for a parallel wire line between r = 1Qandec=7,fx C
is found to be about 1.55 x 103, i.e. 1550. Hence the
total capacity C required is given by:

145 X C = 15660
C=1550 ~ 145
=10.7pF.

Now the output capacitance of a QQV06-40{5894)
push-pull stage is around 4 pF in practice, so about 7
pF is required in addition, A 26 + 25 pF split stator
capacitor should therefore be quite satisfactory giving
12 to 15 pF extra at maximum capacity.

Example 3

A coaxial line with outer and inner radii of 5.0 and
2.0cm, respectively, is to be used as the resonant tank
cireuit {short circuited at one end of course) for a
4X150A or 4CX2508 power amplifier on the 70cm
amateur band, What fength of line is required?

In this case:
fxC=43bx 4.6
=2001
using the r = 2.5 curve for coaxial lines,
fx L =4620
Hence L =4620+-435

=10.6¢crn approximately

This length would include the length of the anode and
cooler of the 4X150A of course but, as in Example 1,
a line 10cm long would be certain io be long enough,
especigily as the output capacity used in the
calculations is that quoted by the manufacturers for
the wvalve, the effective capacity being somewhat
greater in practical circuits. A shorting bridge or disc
capacitor should be used for tuning the line to
resonance.

Designing for Maximum Unloaded Q

The anode circuit efficiency is given by:

unioaded Q - loaded Q
unloaded Q

It is obvious that the highest possible unloaded Q is
needed to get the greatest anode circuit efficiency.
The Q is greater for radial and coaxial resonators than
for comparable paraliel wire circuits and the former
types should always be used where possible. 1t should
perhaps be explained that unloaded Q is the Q of the
anode circuit with the valve in position and all voltages
and drive power applied, but with no load coupled up
to it. The loaded C is, of course, that measured when
the load is correctly coupled to the anode circuit.

The losses due to radiation which are likely with open
line circuits are appreciable and screening should be
used where the maximum efficiency is required, In
fitting such screening, care must be taken to ensure
that there is an adequate fiow of air to cool the valve
envelope, and that the screen is not too close to the
tuned lines.

Efficiency ( percent )} = X100
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HELICAL RESONATORS.

This is a high Q circuit which in effect combines
the lumped constants circuit with the cavity. it has
not been used to any extent in amateur applications
bhut offers mechanical advantages which justify its
consideration, especiatly for filters. It consists of an
inductar in a closed screen as shown in Fig.3.11 and is
suitable for use at all frequencies in the v.h.f. and
u.h.f. bands.

~{wle]

g il

o
T

Fig 3.11. Mustrating a helical resonator.

The screen may be either circular or square cross
section, allowance being made for the latter. The
unloaded Q = 500f)% where D is the diameter of the
screen, but for a square screen use 1.2D°" f is the
resonant frequency in MMz,

The number of turns required n = 1?30

2
Pitch (spacing between turns) p = %gﬁ inches

_ 98000
D

turns

lmpedance characteristic Zo ghms

These formulae assume that% = 0.bb and -:T= 156

From the general arrangement it will be seen that the
helix is terminated at the lower end, on the side of the
screen and the free end (X} is normally connected to a
low loss tuning capacitor.

The actual value of the tuning capacitor will
depend on the operating frequency and for the range
over which it is required to resonate the circuits.
Probably the most suitable would be one of the p.t.f.e.
neutralising capacitors or other concentric type.

INPUT QUTPUT

FILTER CIACUIT

TRIMMER TRIMMER
COAXIAL FEEDTHROUGH
INPUT
SOCKET |:[ @ CAPACITOR

' FEEDTHROUGH
INSULATOR

Fig.3.12. A typical arrangement of helical resonators.
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The equivalent electrical length of the circuit
should be about 95% of a free space length, and the
actual conductor length is in the region of 28% of the
free space length. Stray capacitance is approximately
equal to 0.15D pF.

SCREEN
S T !
TRIMMER i TRIMMER
1 X 1
| | |
? i { FEEDTHAOUGH
INPUT 1 whs CAPACITOR
SOCKET q
?—._:D ; T BIAS
1 1 | RESISTOR
_______ A, . PR S, (M

Fig.3.13. The equivalent circuit. This arrangement
shows two tuned cireuits as the inpur filter and input
circuit to ¢ grounded grid amplifier. Coupling between
the filter and input circuits is provided by an aperture
in the screen (X). Aliernatively, a normal coupling
method can be used, such as a link, taps or probe,

Design examples:

{a) 70 MHz Filter. Fixed Frequency

Screen 13" x 134 (inside)}

No. of turns 14

Diam of helix 0.9"

Wire of helix 16 s.w.g.

Helix length 2 without end trimmer and with

silver plating on inner surface and helix, an

unigaded Q of between 850 and 1000 can be

obtained.

{b) 148«174 MHz Tunable Resonator (suitable

for 144 MHz with slight increase of trimmer

capacitance)

Screen 1" x 1° {inside}

Resonant frequency with end trimmer: 240

MHz.

Mo. of turns 7

Diameter of helix 58"

Length of helix 1

Capacity to resonate at 174 MHz 1.4 pF

148 MHz 2.4 pF

Unloaded Q approximately 750
The high unloaded Q of these resonators require that
precautions are taken to avoid the introduction of
josses. Where a former is needed for the helix it must
be of low loss material but it is better to utilise air
spacing wherever possible.

Sitver plating of the inside of the screen and the
helix is desirable, certainly above 100 MHz. Silver
plating of adeguate thickness wouid give a Q about 3%
higher than plain copper.

The lower termination of the helix should be as
short as possible and fixed to the side of the screen. As
shown in Fig.3.1% the coil should be D/4 from each
end of the screen.



As mentioned earlier, coupling to or from the
resonator can be by any of the usual means, such as
tap. loop, probe or aperture. When loop coupling is
used it should be approximately perpendicular to the
axis of the helix and relatively close to the bottom
turn of the helix, preferably paratlel to it.

Material for Tuned Circuits

In the case of simple tuned circuits, copper wire
is normally used, either bare or enamelled and is
usually guite adequate. There is little advantage in
silver plating except at the highest frequencies or asa
protective surface. The largest convenient size should
be used since in most cases the inductor will be self
supporting and should therefore be mechanically
stable. Tinned copper wire is not satisfactory due 1o
its high r.f. resistivity.

Linear Circuits

These may be made from copper or brass,
aluminium can be used when there are weight
considerations.

As these metals are subject to corrosion in moist
atmosphere, silver plating (gold in special cases) should
be used as a protective coating, although there is little

TUNED CIRCUITS

advantage from an efficiency peint of view. Chromium
plating should not be used for r.f. circuits.

Cavities and Trough Lines

Here again copper or brass are the most suitable
materials and plated as indicated above, any joints
should be soldered or at least close fitting, since
significant currents flow around the inside of these
units and resistive losses rust be kept to a mintmum.

Corrosion

As mentioned earlier copper and brass will
readily corrode in moist atmosphere and a protective
coating, usually silver plating, should be used.

In connection with corrosion, it is important to
avoid the use as far as possible of dissimilar metals,
because, in the presence of moisture {water vapour]
electrolytic corrosion can be guite extensive, for
example brass screws used to fix aluminiuvm will show
considerable corrosion after only a few weeks in the
average atmosphere. It is advisable to use plated fixing
screws where possible but stainless steel are also quite
suitable,

Further notes on corrosion will be found later in
this Manual under the heading Material for Elements,
page 9.35.

CHARACTERISTIC SHIELD RESONANCE SHIELD WINDING PITCH
TOTAL  IMPEDANGE INSIDE DIAMETER FAEQUENGY INSIDE DIAMETER INGHES
TUANS  OHMS INCHES MEGAMERTZ INCHES UNLOADED  PEN TURM
N Zo D f D Qu p
150
200 — 10,000 10,000 .03 0,004
T A 0-005
- D04 006
- 8000 6.000 i 200 =
= ohe 2 0008
1 6,000 = 5,000 —+ 0-08 0-010
100 1 5,000 - 0410
. 2.000 300
i s LOWER b 002
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- 1,000 o ois L
— —— 800
[0 500 —f— 0-04
01 2000 400 o 005
P — 300 -6 600 - 004
30 4= 0-8
i 200 ] 700 0-08
e B 800 {010
20 - 1000 =41 1000 5 900 -
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—- 800 g, + 2 —+ &0 3 . ¥
) i, 41
e 40 4 :ii
e A0 1 30 o fil
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83 4 20 10 2.000 3 0%
6 | 300 T =L 0-8
" 50 |
= e &0 1 & 20
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Fig. 3. 14. Design Chart for quarter-wgve helical resongtors. Lines indicate example,
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CHAPTER 4

FILTERS

Operation in the v.h.f. and u.h.f. region where
the amateur bands are situated amongst the TV and
FM broadcast bands, will almost inevitably cause some
interference. The relationship between these bands is
illustrated in the chart of Fig. 4.1,

4m-3rd Z2m-2nd T0cm-2nd
HARMOMNIC | HARMONIC HARMONIC
[] ;I
im Zm :i Tem 23cm

[l

s i [2] E"I

i 1 L
T 1 I
J [Llon 176 214 470 000
g 582
614 —854

FREQUENCY (MHz)
Fig.4. 1. Chart iflustrating relationship between the TV
bands and harmonics from the amateur v.h.f. and
w.h.f. bands.

| |
435 675
88+

The approach to overcoming this problem will
have to be rather different from that normally applied
to h.f. band equipment where often the matter can be
resolved by use of a low pass filter at the transmitter
and a high pass filter in the receiver input.

The most satisfactory method is to use some
form of band pass filter suitable for each of the bands
concerned. The filter may be either a muiti element
type with a relatively wide band, say % to 7% of the
frequency being used, or a narrow band high Q strip
line type which is tuned to the frequency in use.

The former is the more elegant approach but the
design, and especially the setting up, of such a filter
without fairly elaborate test equipment is not easy if
the insertion loss is to be kept down to a maximum of
1dB.

The high Q strip or tube line filter on the other
hand is readily made and tuned but it will also have to
be adjusted for any appreciable change in operating
frequency, this can be a problem when a v.f.0 is used.

Either method will provide a very considerable
measure of protection against out of band radiation
such as harmonics and spurious responses ¥from
transistor and single sideband transmitters.

4.1

HCS | {a)

L [+1 @%l

( SCREEN

TC— TUNING CAPACITOR
L - QUARTER OR HALF-WAVE LINE

€5 = COAXIAL SOGKET
Lc — COUPLING LOOPS

Fig.4.2. Typical forms of high @ filter. (a)
Quarter-wave line with tuning capacitor at one end. It
is suitable for any of the bands, buf at 4m is Hkeiy to
be inconvenient. (b) Half-wave line with centre tuning
capacitor. Particularly suitable for 70 and 23 em, fe)
Quarter-wave line folded into U shape with a screen
between the legs of the U line. May be suitable for 4m.

Low power Band Pass Filter

A simple band pass filter can be mede by over
coupling two pairs of tuned circuits and then coupling
them together through a suitably small capacitor. A
screen s fitted between the pairs to reduce stray
coupling.
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(a)

(b)

Fig.4.3. (a) Fiter circuit. Cc = 0.5pF, C= 6.0pF max.,
L= 6% turns 18 s.w.g %' dia. spaced one tum. Tap at
one turn up on end coils. A3 can be seen from the
layout (b) the whole unit can be built into a small
diecast box. Im the prototype, concentric ceramic
trimmers were used but there iy space for small gir
trimmers which are necessary if high power operation
is required. In any case air trimmers are desirable to
avoid heating of the dielectric and to avoid breakdown
due to the high voltage which will develop in a high Q
circuit.
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Fig.4.4. Performance curve of the filter described.

A 70cm Helical Resonator Filter

A practical band pass filter for 70 cm using two
helical resonators coupled by iris in the separating
screen. It has an insertion loss of less than 1dB with
more than 20dB attenuation outside the pass band.

FILTERS

Fig.4.5. General arrangement of ihe 70cm. helical
Jitter.

turns 2" D 14awg Yol et Vi —
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e TRIMMER

TAPPING POINT
I8swg BRASS BOX
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Fig. 4.6, Layout of the 70cm. filter.
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Fig.4.7. Performance curve of the 70cm. fiiter.
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High Q Filters

The construction of this type of filter is
relatively straightforward but the actual method will
to some extent depend on the facilities available for
doing the mechanical work.

For general purposes the box type structures are
the easiest to fabricate and provided good joints are
made to the end plates, by screwing together or
soldering, a satisfactory high Q will be obtained.

The form of the circuit will generally be of near
quarter-wave long strip or tube tuned at one end or,
for the higher frequencies, half-wave lines tuned at the
centre, In the case of the lowest frequency band {4m)
the length of the filter may be inconveniently long and
in this case the line may be folded provided the two
legs are screened from one another.

Fig.4,.8. Showing a high Q filter. The cnd capacitor
may be a disc or conventional type, except at 70cm or
23cm when a disc must be used.

Dimension im 2m 2m 2m 70cm
{inches)
A 39 19 14 12 e
B 36 17 12% 10 6
C 16 8 3% 3 1%
D 3 3 4 2% 1%
E Y Y 8 Y ¥
F Ya Y 16 1/8 1/8
Glswag.} 12/14 12/14 14 14 14
Cap.{pF) 15 15 15 15 75

In Fig.4.2 are shown several forms of fiiter, the
two straight types may be made up either in square or
round cross section, but the folded type (c) must be
restricted to a rectangular cross section.

The inner conductor (L} may be of rod, tube or
strip, the latter being most satisfactory for the folded
type,

The length of the inner conductor may be
between 60% and 90% of a resonant quarter wave but
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for half wave line fiiters, it should be between 80%
and 90%.

There is a good deal of flexibility in these filters
and provided the inner conductor is progerly
resonated by its tuning capacitor, and the outside box
or tube is properly connected with low resistance
joints, then no difficulty should be encountered.

The coupling loops should be of equal size since
no change in impedance is required when using a filter
between the transmitter and the aerial and with
careful adjustment the insertion loss should not
exceed 1dB.

HIGH POWER
BAND PASS FILTERS

Filters for use with transmitters of output powers
up to 100-120 watts can readily be constructed using
strip line tuned circuits.

The arrangement is of three shortened strip lines
tuned by capacitors at the top end, input and output
coupling is through small fixed capacitors to the top
end of the outer lines, the third {central} line is free
and couples the input and output circuits.

The strip lines are made of 1'° wide copper and in
order to get these large units into the box without
over coupling they are set at an angle of 45 degrees
(incidentally this angle will be provided naturally if
the standard type of trimmer is used with the centres
given). Fixing of the line to the end wall of the box is
provided by OBA brass cheesehead bolts with saw cut
opened to allow the line to be brazed centrally to the
end,

The top end of the line is bent to make contact
with both the capacitor stator pillars, which are
soldered directly to the line after assembly — a fairly
large soidering iron will be needed for this.

input and output capacitors are taken directly
from the connectors to the top of the respective line.
Setting up is straightforward provided an output
power measuring device of some form is available.
Initially C2 should be set near maximum capacity, this
and the C1's are then adjusted for maximum output,
taking care to keep the C1' value similar. If this is not
done an asymmetrical response will result.

in the 432 MHz filter there Is a response at 288
MHz, this is some 13dB down on the wanted
frequency but it should be borne in mind in cases
wherge this frequency is likely to appear in the
transmitter output such as in the case of a varactor
tripler directly feeding the aerial.



From the curve of the 144 MHz filter the
insertion loss (at the band centre) is less than 1dB. On
actual power measurement this was found to be a loss

of approximately 10 per cent or 0.5dB which is a
small price to pay for keeping your harmonics under

control.

GOAXIAL
SOCKET
TYPE M
50 OHM

Section A-A'

Fig. 4.9. Mechanical layout and electrical circuit of the
144 MHz filter. For 432 MHz a smaller, 4% x 34"

box is used.
144 MHz 432 MHz
tine length, inches Gla* 2%
Line size, inches 1 % Va 1x %
Line centres, inches 1% 1%
C1 pF (Jackson C804) 50 50
C2 pF (Jackson C804) 60 15—-0.045"
spacing

C3 pF 4.4 (see text} 5
Insertion loss, dB 06 1.2
Bandwidth, MHz 5] 10
Out of band attenuation,

dB 26 26
VSWR ~ 50 ohms 1.1 1.1
Connectors Type N Type N

* Centre line approx. %" shorter to allow for rib
in cast box and longer capacitor.

FILTERS

Although the 2m unit was intended for this band
only, it is also suitable with the present mechanical
details for use up 1o about 175 MHz.
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Fig. 4.10 Layour of the strip line filter.

The ariginal dimension (Cs) 15 for 50 chma ling,
for uee with 76 ohm line the value of thic component
should be reduced to 3.2 — 3.4 pF. Howaver, tho
insgrtion loss is in fect sufficiently low for s uge in
feeders of either impedance. The capacitors Cy should
preferably be made adjustable and standard Philips
type trimmars of 28 pF are suitable. They should ba
about % * mash for 50 ohms.

This filter will also be of benefit 1o the receiver,
when this iz subject to adjacent high strength signals
such as from tv transmitters.

4.5

The centre line with G, set at maximum tunes to
pbout 144 MMz, Henee when the input and output
lines are tuned to resonance with it the owverall
résponse s quite sharp and is about 3dB down at +1
MHz, Howeower as Cs it decreased in value the higher
fraquency cut-off mowes upwards and s double
humped response dovelops. With C; st sbout 10%
unmeshed there is an almost square shaped responss 2
MHz wide with a glight dip in the middle of around
0.7dB.
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Fig. 4.11, Performance curve of the 144 MHz strip line
filter.
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FILTERS
Alignment procedure

Set the coupling capacitors (Cz, Philips 2-8pF
trimmaers) meshed by 4" and C5 at 10% unmeshed.
Apply a signal and peak output by adjustiment of Cy.
Slightty readjust coupling capacitors in step retuning
Cq until maximum powver transfer is achieved. Replace
and fix the box lid before the final adjustment of the
capacitors Cq. If transmitter output at several
frequencies in the band is available, make the
adjustments at the centre of the wanted range. If after
this the higher frequencies show reduced output,
reduce the capacity of C5 slightly. If however, there is
some loss at the lower frequencies, retune both Cq to
optimise the lower frequencies, and adjust Cz 10
maintain output at the higher wanted frequency.

COOLING

Cooling of wvalves and semiconductors is
important and the makers' recommendation shouid be
observed if satisfactory performance is to be obtained.

Temperature measurement of vaives is relatively
easy but this is by no means a simplé matter in the
case of semiconductors particularly as they are
sensitive to many forms of overload. Often heat sinks
become cumbersome and the situation can be
significantly improved by use of a cooling fan to
improve the heat exchange.

Materials with higher thermal conductivity are
the meost suitable for heat sinks. It is however
important to ensure that there is no significant contact
potential between the device and the heat sink
material otherwise electrolytic corrosion will occur.
Coolers made of metal other than copper or
aluminium will need to be of greater thickness to give
the same performance.

The thermal efficiency of a heat sink may be
improved when the surface is roughened and covered
with matt black paint, such as lamp black, or
anodising. Care must be taken to ensure that the area
in contact with a serniconductor is smooth and free
from burrs and other irregularities.

The use of a silicone grease may be helpful in the
contact arsa before assembly, this will reduce the
therrmal resistivity and assist in preventing corrosion.

The characteristics of suitable materials are
shown in the table below:

Relative Thermal
Metal Resistivity Expansion
Aluminium 1.64 255 x 1074
Brass {typical) 3.9 180x 1074
Copper 1.0 16.7 x 1074
Silver 0.95 19.6 x 10'4
Gold 1.416 143 x 107*
Tin 8.72 269 x 107%
Nickel 7.8 128x 1074
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CHAPTER 5

RECEIVERS

RECEIVER REQUIREMENTS

The receiver needed for satisfactory reception of
v.h.f. and u.h.f. signals is generally similar to that used
for the h.f. bands. The most usual arrangement is to
use a communications band receiver as a tunable if.
and to put a crystal controlled converter ahead of it.
By this means a high gain receiving system can be set
up, the choice of tuning range to suit the converter
can be anywhere within the frequency range of the
receiver. It is, of course, possible to arrange for the
local oscillator in the converter to be tunable and to
use a fixed setting of the main receiver, but this raises
problems of frequency stability and repeatability of

the converter oscillator,

Fig. 5.1. Block diagram showing a converter and

receiver,

HF BAND
RECEIVER

CONYERTER

Satisfactory tunable oscillators can, of course, be
made but they need to be very robustly constructed
and should be at a suitably lower frequency to that of
the required final frequency in order to give the best
chance of obtaining the necessary stability. Osciliators
anywhere between 8 and 72 MHz have been
successfully buijlt and used and the final frequenty
arrived at bv use of frequency multipliers. In this
respect oscillators for receiver local osciliator or
transmitter control are the same except for the actual
frequency and perhaps the power output.

Details of varicus forms of variabie frequency
and crystal controlled oscillators are given under the
heading Oscillatorslater in this chapter.

When a general coverage h.f. bands receiver or a
good multiband broadcast receiver is used as a tunable
i.f. amplifier, the frequency of the main i.f. amplifier
will be 455/465 kHz or lower and since most of the
bands we are concerned with are 2 or more megahertz
wide [4m band only 875 kHz) image signals of the
wanted signal will occur at twice the i.f. and since

these will be only about 900 kHz (455 x 2 or 465 x 2
or less} from the signal frequency they will be within
the tuning range of the receiver.

Such signals will, of course, be worse from local
transmitters and can be a considerable nuisance, as
well as the unwanted signals which occur at half the
intermediate frequency. A preferred if. amplifier
frequency will be one which certainly eliminates the
image responses and the 1.6 MHz region
appears very suitable, especially as crystalfilters for single
side band operation are now available.

The use of 1.6 MHz as the i.f, is suitable for
bands 2 MHz wide but will suffer similar disadvantages
as 455 kHz, when related to the 70cm band, even if
anly the harmanically related section to the 2m band
is used, i.e, 432 MHz to 438 MHz, 6 MHz wide.

From this it is obvious that for these higher
frequency bands an ideal receiver would have to be
made for each different band. it is therefore necessary
to compromise and if 1.6 MHz is adopted both the 4m
and 2m bands will be clear of image responses, {it
could equally be used for 10m) and such a system
would at least be better than one at the lower
frequency. As increasing the i.f., although giving an
improverment in the above respect, reduces the
selectivity that can be obtained from a standard
transformer, and it is necessary to increase the number
of tuned circuits to recover the selectivity. This can
conveniently .be done by using two transformers in
place of one, arranged back to back.

Another point to be remembered is that the gain
of a single stage at 1.6 MHz will be iower than one at
455 kHz and therefore, to obtain the same overall gain
from the i.f. amplifier it may be necessary to use three
stages instead of two.

Selective filters such as mentioned €arlier, can be
used for single side band, but if these are nat used, a Q
Multipiier instead can give a real improvement.

As already mentioned, a receiver for v.h.f. and
u.h.f. will, since the bands are of different width, be a
compromise. The actual frequency used for the main
i.f. amplifier will depend on the image frequencies
likely to be met and if it is essential to avoid these
then there is no alternative but to use a separate
system for each band.

However, some form of compromise is possible
which offers some advantages over the general use of a
standard general coverage receiver where an i.f. of
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455/465 is used, and this consists of an i.f. amplifier
operating at 1.6 MHz. At this frequency suitable
voltage amplification can be obtained with thres stages
and suitable compaonents are readily available. Also,
crystal filters are not too difficult to fabricate and the
use of a Q Multiplier will enable adequate selectivity
to be cbhtained.

The use of this frequency will give freedom from
image signals for the 2m band and this is particularly
impertant with the tendency for s.s5.b. operation to
increase in this band. It seems almost inevitable that
this form of communication will grow quite rapidly
with the use of transverters as a means of using h.f.
bkand equipment on this band.

Any receivaer built specially for amateur use in
this higher frequency region should, as with any
modern recejver, be capable of receiving all the usual
forms of voice modulation:

Amplitude modulation
Frequency or phase modulation
Single sideband amplitude modulation

The increased complexity of the inclusion of a
triple detector is justified, and shouid be a feature of
all new equipment and this particutarly applies to the
correct and adequate detection of freguency
modulated signals. There is no doubt that one of the
reasons why n.b.f.m. has not achieved the popularity
it deserves, is the simple fact that most receivers are
not fitted with an adequate detector and operators
have resorted to compromise for detection. It is
recommended that all users of nbfm. for
transmission should also add a suitable detector to
their present or new receiving system.

The block diagram of the improved v.h.f, - u.h.f.
receiver, shown in Fig.5.2 gives the essential
constituent parts of a suitable system, All the various
units need some description and these will be dealt
with individually.

Front End Units

The units may be either built-in or plug-in and
the actual requirements will vary considerably from

CHAPTER 5

one operator to another. Before deciding the details of
these units, it is important to decide the tunable first
i.f. section.

Assuming a 1.6 MHz main i.f. amplifier and the
use of a tuning range of 2 MHz (£ 1 MHz about the
mean frequency}, this can be at more or less any
frequency the constructor wishes. It is desirable that
this should be at a frequency at which breakthrough is
not troublesorne, frequencies between 2-4 MHz and
28-30 MKBz have been used without trouble, but at the
lower frequencies there is likely to be a greater chance
of breakthrough than at higher frequencies.

At the same time oscillator stability is better at
the tower frequencies and therefore rather greater care
in this respact is needed when using a higher
frequency.

There is no reason why the tunable first i.f.
should not be made to cover one of the popular h.f.
bands if this is desired, but since the tuning range has
to be 2 MHz this really is only suitable for use at 28
MHz. Nevertheless, with a good slide rule type tuning
dial and suitable h.f. band converters, the arrangement
can be usefully used for the lower frequencies, but
owing to the narrow frequency bands the amount of
band spread on the dial will be limited {0 85% on
10m, 22.5% an 15m and 17.5% on 20m,

tf the tunable first i.f. is likely to be operated
without a converter on one of the h.f, bands, it will be
necessary 10 incorporate one stage of amplification
and it may be dasirable either to add a preselector, or
band pass filter to provide adequate selsctivity when
operating as a straight forward receiver.

When the tunable i.f. is low it is preferable to use
doubie conversion and this should be done using a
single crystal to avoid inter-oscillator spurious signals.
This use of double conversion is necessary to separate
adequately the signal and oscillator frequencies and is
particularly approprigte for 2m, 70cm and 23cm
convertars,

At a higher frequency first i.f. such as 24-26 MHz
or 28-30 MHz the need for double conversion does not
arise for 2m converters but is desirable for 70cm and
23cm.

1 FILTER OR
=1 PRESELECTOR |
AT FIRST 1 F
2 um
CONVERTER s O
7 5s8
- TUNEABLE MmaNe | e
3 an ?/_ FIRSY IF IF AMPLIFIER DETECTOR AIDIO
CONVERTER ZMHz s MH2 FM AMPLIFIER -
—© TUNING (FILTER + 3 STAGES) |  Fecmmaeae
RANGE
r. DETECTOA
4 j0em t AM
CONVERTER !
i '5Y METER
5 1 AGC
T corfescﬂ'ea “"‘“_J AMPLIFIER _(: )

Fig.5.2. Block diagram of improved v.h.f. - u.h.f. receiving system.
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The use of Field Effect transistors for front end
converters is particularly attractive because they can
be made completely plug-in self contained units if
desired, each with its own built-in battery.
Alternatively, a suitable power source can of course be
provided from the main unit.

When a number of converters are to be built into
the main unit, it is important to suitably. screen the
selector switch to ensure that there is a minimum pick
up of outside signals within the tunabie first i.f. range.

in selecting a crystal for the Jocal oscillator in a
converter it is essential to ensure that the fundamental
and harmenic frequencies do not appear in the pass
band of the tunable first i.{. section. ideally the crystal
frequency should be above the highest freguency to
which the tuning will reach, alternatively a crystal

close to the lower frequency will be found
satisfactory.
Typical crystal frequencies for a
tunable i.f. of 24-26 MHz:
Barid! Local Crystal Multi-
centre oscil-  frequency plication

Band frequency lator

4m 70,3 MHz 45.3 22.65 or 15.1 2or3

2m 145 MHz 120 30 or 10 4or12

70cm 438 MHz 410 205 0r 22777 200r 18
23cm 1305 MHz 1280 20 64

The Main Receiver

Comprising the tunable first i.f. main i.f.
amplifier, detectors and audio amplifier.

This may be conventional with the excepiion of
the inclusion of a suitable filter supported by a Q
multiplier as required, together with detectors for the
three forms of voice transmissions. An additional
refinement which is very desirable is amplified a.g.c.
This addition is only & small increase in complexity
and is well worth including.

The question of whether this “fixed’" part of the
equipment should be based on valves or transistors is
to some extent dependent on personal preference. In
the i.f. amplifier stages using transistors gain will be
much lower than where valves are used.

Field Effect transistors howevar, largely
overcome these disadvantages and are a satisfactory
alternative to the valve. The design detailed is based on
valves and Is given as a typical arrangement which has
proved to be very satisfactory, translation into a
semi-conductor design is fairly straight forward,

If a specialised receiver is to be built for the
harmonically related 70cm and 23cm bands, it shouid
be based on the improved receiver with a 1.6 MHz
main i.f. amplifier and the three forms of detector.

The communication part of the bands is in
general confined to £ 1 MHz and therefore the tuncble
first i.f. ahead of the main i.f. amplifier will only need
to cover a 2 MHz swing. By careful choice the whole
of the three band converters can be arranged to
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operate from a single crystal thus avoiding any chance
of inter-oscillator spurious beat frequencies. Naturally
with the precise frequency requirements the number
of crystal freguencies that may be used are very
limited.

Details of crystal frequencies suitable for
use in converters:

Tunable st i.f, MHZ 17 25 298 37
Crystal frequency 32 24t 576 361
2m Multiplier times X4 X5 X2 %3
Frequency 128 120 115.2 108
70cm Multiplier times X3 X3 X3X4 X5 x4 X2
Frequency 288 288 288 288
23cm Multiplier times  X4*  X4* X4*  X4*
Frequency 1152 1152 1152 1162

tThese frequencies will prevent reception at the
bottom band edge, local signals will occur at 144, 432
and 1286 MHz.

*In addition to that required for the 70cm mixer.

Fig.5.3 illustrates the principles involved in this
arrangement and the table gives details of suitable
crystals and the local oscillator frequencies for each of
the three converters.

AERIAL
® (T) INPUTS (T) (T>
ol i s L
r i -‘| Zm 70cm 23¢m
=== RF RF RE
cowsnrmJ L |ampLiFIER AMPLIFIER|  [AMPLIFIER
_____ I
i
|
1
TUNEABLE Zm 5 70cm 23cm
e A 4 | Mixen MIXER MIXER
*{MHz

i 1 432- 1294
146 MHz 4S4MHz 1298 MH2

CRYSTAL CRYSTAL CRYSTAL
MULTIPLIER *‘l]" MOLTIPLIER [™—JMULTIFLIER
CRYSTAL

Fig.5.3. Rlustrating the principle of a 3 band receciver
using a single crystal.

The 2m mixer and its oscillator are used on 2
metres in the conventional manner. On the two higher
frequency bands the output from the relevant mixer is
fed into the 2m conversion before passing on into the
tunable first i.f, stage. The selector switch S should bs
of a type .which does not introduce any serious
mismatch or noise into the 2m mixer stage.

This component may be arranged by using diodes
for the circuit switching, so avoiding any problem
being caused by use of a mechanically operated
switch, see page 5.62.

Where reception on 4m js needed, a separate self
contained converter for this band can be introduced as
indicsted in the hlock diagram.

Undoubtedly the best approach to the somewhat
elaborate muhi-band v.h.f.fu.h.f. front end, is to use
Field Effect transistors for all the signal frequency
ampiifier and mixer stages. Bi-polar type transistors
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andfor varactor diodes are suitable for use in the
oscillator/multiplier stages. In this manner the whole
unit can be built into a relatively smail space, which
may be either a plug-in unit or a built-in section of the
whole receiver.

Detaiis of the various circuits involved for each
of the individual stages can be obtained from the
various units described elsewhere in this Manual,

Multi-Purpose Detector for
NBFM, SSB/CW or AM

Probably one af the major reasons for most
operators not providing proper detection for nb.f.m,
is the rather difficult matter of fitting one or other of
the classical detectors into an existing receiver,

The small transformers reguired for the
Foster-Seely or ratio detectors are not generally
available for the frequencies normally used in if.
amplifiers.

It is therefore not proposed in this Manual to
deal with these methods of detection, but rather to
offer a circuit which is capable of being used for all
the usual methods of modulation, amplitude, narraw
band frequency and single sideband.

b2 1
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Fig. 5.4. Diagram showing detector circuit for receiving
nb.fim.. 8.58.b., c.w. and am.

5.4

CHAPTER b

In this circuit the valve is a 6BNG, a special type
of valve, known as a gated beam valve, with a pentode
characteristic, and two control grids No.1 and No. 3
and is used both a5 3 pentode and a diode.

in the position for n.b.f.m, (1} the valve is
operating normally but with no b.f.0. the tuned circuit
in the No. 3 grid {quadrature coil}) is tuned for
resonance at the intermediate amplifier frequency and
is then trimmed for best audio output.

In position 2 for s.5.b. or c.w., the conditions are
the same but the b.fo. is switched on. in both these
positions the valve has considerable gain, whereas in
position 3 all h.t. supplies are switched off and the
valve operates as a diode. VR1 is provided as a gain
equalisation control and VR2 is adjusted for best a.m,
output.

iIf am. is not required, the full gain of the valve
can be used and VR1 would become the audio gain
control; the only switch then required would be to
turn b.f.o. on or off. It is probable that one or other
of the dual control pentodes other than the type
shown, such as the 6AS6, 6DTEA or EH90 can be
used in a similar circuit.

The basic circuit, the quadrature grid
demodulatar, has been wused for many vears in
television receivers where f.m. sound is used, foritisa
self limiting device. But it is important to have
adequate i.f, gain ahead of the detector to ensure its
proper working. The guadrature coil in the grid No. 3
may be any convenient tuned circuit of the same
frequency as that of the i.f. amplifier,

Tunable |.F. Amplifier suitable for V.H.F.

A circuit of a tunable i.f. amplifier is given in
Fig.6.6. The r.f. amplifier TR1 uses an OC170 in the
grounded base configuration. The d.c. stabilization
uses an emitter resistor returned to a positive bias,
which is varied to adjust the r.f. gain. Siticon diodes
CR4 and CRb5 in Fig. 5.5 are fitted across L2 to
protect TRt from high power signals.

The mixer, TR2, operates in the common emitter
mode and is perfectly stable. It is emitter coupled to
the tocal oscillator TR3. With injection from the
oscillator collector to mixer base, it is impossible to
approach the desired oscillator injection level,
resulting in poor sensitivity. It will be noted that the
collectors of TR1 and TRZ are taken to the hot end of
their respective coils, no advantage being found in
tapping them down.

Capacitor C16 in the local oscillator is a negative
temperature co-efficient type to compensate for
changes in C17 and L8 with varying ambient
temperature. Zener stabilization at 4.7V is used for
the oscillator h.t. If a 8V supply were used the Zener
would have to pass a high current when the battery
‘was new, to make sure that it would still stabilize
when the supply is down to V. Consequently a 7.5V
h.t. line is used, the battery being discarded when it is
down to about 6 volts.
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Tunable }.F. Coil Table

Coil Turns Pins Used
L1 2 1.4
L2 7 3.2
L3 1 5.6
L4 7 3.2

Li1-8 are wound with 24 sw.g. wire on %" diam.

Aladdin formers with core and short can.

L9, L9a, medium wave aerial coil with emitter tap
and fow impedance input winding.

L10, medium wave oscillator coil.

111,12, 470 kHz i.f.t.

.13, 470 kHz i.f.t. {second detector typs)

L4, 470 kHz if.t. {for valve use) with one
winding and all capacitors removed,

T1, T2 interstage and output transformers.

The L.F. Amplifier Unit

The first mixer is coupied to the second mixer
TRS by 75o0hm cable. L9 and L9a have 75chm
coupling windings. Top coupling via a 5 pF capacitor
may aiso be used, the cable capacity appearing across
one of the tuned circuits. This method was found
equally effective and is an alternative if 1.6 MHz coils
are not available with 76chm input windings.

The second mixer TR5 and local oscillator TR4
are quite conventional separate stages being preferred
to prevent frequency pulling on strong signals.
Stabilized h.t. is not neacessary for TR4. The i.f.
amplifiers TRG and TR7 are also straight forward; the
second stage wusing a GET 875 not requiring
neutralization. These stages are biased by taking the
emitters to a positive bias, i.a. the gain control line,
but note that neither mixer is taken to this controt
{ine.

The detector and noise limiter CR2, CR3, is a
type used successfully in several valve receivers and is
scaled down for the semiconductor impedances. The
noise limiter is very good, without an excessive
inserticn loss. The noise limiter switch Sl is combined
with the b.f.o. switch to save panel space.

The b.f.o. circuit {TR10} was chosen because a
tapped coil is not reguired. B.f.0. injection isby a 5
pF capacitor, C46, from TR10 coliector to TR& base.
The end of the capacitor at TR6 base is not connected
directly to the base, but the lead is wrapped around
the base lead to provide an effective capacity rather
tess than the 5 pF. If the coupling is too great, puiling
of the b.f.o. is liable with strang signals, therefore the
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Coil Turhs Pine Used
LB 2 1.2
LB 1% 1.2
L7 2% 1.6
L8 7 3.4
(0
i |
o o o

Fig. 5.5A. Under chassis layout of the Lf. amplifier.

output from the b.fo. is lower than the desired
amount, thus requiring low r.f. gain when copying
s.s.b. Alternatively, a circuit similar to that of TR4
may be used.

A.G.C. Ampilifier

When no signal is being applied to the receiver,
TR9, which is connected in series with the negative
lead of the bias battery B, is turned on by R29, and in
this condition nearly all 8l voltage appears across the
r.f. gain control R31.

When o signal is received, some of the d.c.
component at the detector, CR2, Is passed via R28 to
TR8. This negative going voltage begins to turn TR8
on, hence removing drive from TR9 bass, so that TR9
is no longer heavily eonducting and bias voltage is
dropped across it, thus reducing the voltage across
R31. Capacitor C35 decouples the a.g.c. system from
the detector. The meter, with its multiplier, R30,
monitors the a.g.c. voltage, giving 'S meter
indication and with the a.g.c. off, thiz meter reads the
bias battery voltage. When a strong signal is being
received, the voltage on R31 slider is virtually constant
whatever the position of the slider.

The receiver is muted by disabling the hias
supply, and with this system the receiver is completely
silent when muted.

tt should e noted that if lower gain transistors
than those specified for TR8 and TRY are used, R29
and R28 will have 1o be reduced in value, placing more
load on the detector.



Front-end Construction

The layout of the front-end is clearly seen in the
underside diagram. it is built on a 6" x 4 16 s.w.g.
tinplate chassis, which is fitted with sides and screen
of 20 s.w.g. tinplate. The tuning dial is an Eddystone
type 598, fitted with an extra epicyclic reduction unit
so that a slow 60:1 reduction is available,

1.F. Amplifier Construction

The i.f. amplifier is built on 2 sub-chassis 6" x
2%" x 1%" deep of 20 s.w.g. tinplate, and a screen is
soldered across the width to make a 2%"” long
compartment for TR4 and TR5. An L-shaped screen
forms a 244" long compartment for TR6 and TR7. The
b.f.o. is rather cramped as is the noise limiter, and it
was originally intended to fit the a.f. gain control R35
in the i.f. amplifier, but again space was short.

The chassis has %' flanges at each side and if
these were turned inwards, instead of out, and fitted
with ceptive nuts, then the chassis could be 3" wide.
This would stil! allow room for the loudspeaker
magnet.
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Fig. 5.5B. Under chassis layout of the receiver.

The connecting leads to the i.f. amplifier are
made sufficiently long to enable the chassis to be
withdrawn from the rear, although the lead to the
b.f.a. pitch control C37 has to be unsoldered. The
a.g.c. amplifer is built on a small bracket. TR8 and
TRS being held in small cable cleats. The audio
amplifier is contained on an 18 sw.g. plate. A
maximum undistorted output of 220 milliwatts is
obtained for 4mV input.

RECEIVERS

General Construction

The receiver is constructed as a number of
sub-units. The main chassis has a cut-out to enable tha
front-end unit to be fitted from underneath with the
tuning coils protruding through the cut-out.

The i.f. amplifier is built on a sub-chassis, bolted
on top at the right hand side of the main chassis. The
wiring to the i.f. amplifier is made into a cableform of
sufficient length to enable the sub-chassis to be
withdrawn from the rear.

The audio stages and the a.g.c. amplifier are both
built on plates which locate on pillars underneath the
main chassis and underneath the i.f. amplifier.

The main chassis is a standard 10" x 7" x 2%
itemn to which is bolted the %’ thick aluminium front
panel, 6" high and 10" wide. The side plates are of
% Tufnol, drilled and tapped 48A on the edges to
enable them to be bolted to the chassis and panel. A
16 s.w.g. aluminium base plate with turned up flanges
is fitted to the main cheassis, and the flanges of this
base plate are equipped with 6BA captive nuts. All
the “hot"” wiring is completely screened by this
method of constructicn, which is desirable to prevent
pick up of spurious signals in the tunable range of the
receiver.

The batteries occupy the space above the tuning
gang, the centre line of the batteries also being the
centre tine of the tuning gang. The batteries are held in
place by a strap.

The bias battery voltage is indicated by the "S”
meter, as explained in the description of a.g.c. system,
and this battery is fitted nearest the front panel. The
collector supply battery is then at the rear from which
position it can be checked easily.

Alignment Procedure

Before switching on for the first time, set R41 to
maximum resistance, Open link “A” and insert a
milliammeter to monitor TR12 and TR13 collector
current. Switch on and set R41 such that the total
collector current of TR12 and TR13 is 8mA. Switch
off and re-connect link " A’".

Feed in 470 kHz to L9a, and adjust L13, L12,
L11 for maximum output. |f thesa transformers are a
long way off tune, however, it may be" necessary to
inject the 470 kHz signal, via a 0.1 uF capacitor, to
the base of the preceding transistor.

Feed in 1.6 MHz to LS8a and tune 10 until the
signal is found, then adjust L9a for maximum output.
L10 operates on the high side, i.e. at 2.07 MHz, and
this can be verified by checking that the image is at
approximately 2.5 MHz

With the tuning gang set to maximurn capacity,
feed in a 26.4 MHz signal to L1. Adjust L8 to tune in
this signal, then peak the signal with L4 and L2. Set
the tuning gang 1o minimum capacity, re-set the signal
generator to 30 MMz and adjust C25 to tune in this
signal, and then peak the signal with C7 and C3.
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Repeat the above procedure, for the oscillator
only, i.e. L8 st 24.4 MHz and C15 at 30 MHz (dial
readings) until the band edges are set.

The mixer and r.f. circuits are then peaked up,
which is best done at frequencies inside the band
edges, eg. 26.7 MHz and 25.7 MHz. Repeat these
adjustments until no further improvement can be
obtained.

The oscillator works on the low side, and this
should be verified by image frequency measurement.

Performance

Sensitivity at 28 MHz, Less than 1pV for 6dB
signal to noise ratio.
Image at 30 MHz, 40dB down.

OSCILLATORS

In both receiver {or converter} and transmitter a
local oscillator is required, and its performance in
either is of considerable importance. Its swability is of
prime importance because it will almost invariably be
used with several stages of multiplication to reach the
working freguency.

Until recently fixed frequency crystal oscillators
have been used for operation in the v.h.f, and u.h.f.
region, but there is now a significant change towards
some form of variable or tunable oscillator. Band
planning has to a large extent been successful and
there is not the same need to operate en a common
frequency as there is on s.s.b. or h.f. bands.

However, s.5.b. operation is naturally increasing
on these higher frequency bands and common
frequency working is being practised. In the main the
equipment is based on h.f. band apparatus with some
form of transmitter converter.

Before deciding the form of oscillator to be used,
it is as well to consider the advantages and
disadvantages of the fixed oscillator compared with a
variable or tunable unit.

Crystal Controlled Oscillator

Advantages
Variable but limited
tuning range.

Clean note if tuning
range not too great.

Short term and
warm-up drift can be
maintained. Reliable
frequency lgcation in
the band.

CHAPTER 5
VX0 Variable Crystal Oscillator

Disadvantages
More complex and
requires more space
and a mechanically
good dial for reset-
ting accuracy. Sim-
ilar number of multi-
plier stages needed to

Variable Frequency Oscillators

Advaritages
Direct frequency
calibration possible.

Free choice of fre-
guency tuning range

reach final
frequency.
Disadvantages

Stability, often dif-
ficult to obtain long
term drift to low
value

Sensitive to ambient
temperature and ven-

Advantages
Absence of controls
other than selector
switch

Clean note and
freedom from
rmodulation.

Negiigible short term
or warm up drift,

Reliable frequency
location in the band.

5.8

Disadvantages

Frequency choice
must be such as to
avoid spurious signals
in the pass band.
There are likely to be
more stages needed
to reach the final fre-
quency.
Inability to move fre-
fquency when inter-
ference from another
station is present

to suit requirements. tilation conditions.

Care needed to en-
sure clean note free

When high frequency
used fewer frequency

multiplier stages from unwanted
needed to reach final moduliation.
frequency.

Valve or transistor
change necessitates
recalibration.

TYPES OF CRYSTAL OSCILLATOR

There are very many suitable circuits for crystai
oscillators but those especially suitable for generating
harmonics are normally required in this application for
local oscillator in a converter or control of a v.h.f. or
u.h.f. transmitter. Wsually crystals in the range 6-12
MHz are used and output frequencies from the
multipliers to suit the band in use. In generat all the
popular circuits give substantial output, from a single
valve, of 3rd or 5th harmonic.

The three classic crystal oscillators are the Miiler,
Colpitts and Pierce of which the last two are now
much more widely used. All these oscillators use the
crystal in its parallel mode. A digest of the wide
variety of oscillators appears in Chapter 4 of Amateur
Radio Techniques.

Squier Oscillator

This circuit is suitable for use with crystals of the
fundamental type. Feedback between grid and ancde
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Fig. 5.6. A MODIFIED PIERCE OSCILLATOR

This circuit will give substantial ocufput up fto about
the 9th harmonic but it is generally used with the
anode circuit LC tuned to either the 3rd or 5th
harmonic, the latter with its smaller output is suitable
for use in converters rather than transmitiers. The
valve should be a high slope straight y characteristic
type such as used for television receiver i.f. amplifiers,

AAPA

HT+

ke

Fig.5,7. MILLER—typical frequency stability of about
25 ppm can be obtained, with a relatively high outpul.
The need for a tuned circuit is ¢ disadvantage. Suitable
for use with crystals up to 20 MHz.

O HT+

AR AN

+

Fig.5.8. COLPITTS —although the output of this
oscillator is lower than with the Miller circuir, the
Sfregquency stability is better, generally around 10 ppm.

o||—

O HT+

AMAA
Ldd 4

Fig.5.9. PIERCE—no tuning is needed in the funda-
mental form and suitable for crystals up to 20 MHz,
Switching crystals presents no particular problem.

RECEIVERS

is by direct inductive coupling, the amount of which is
determined by the position of the h.t. feed point on
the inductor L.

The amount of feedback is increased as the tap is
moved away from the grid end. When overtone
crystals are used the amount of feadback needed is
smaller than with fundamental types. The inductor L
is tuned 1o the overtone frequency {(harmonic)
required. Care must be exercised to ensure that there
is hot too much feedback, otherwise the crystal will
lose control, in addition the cutput frequency may
not be an exact harmonic of the crystal frequency.

HT+

L 47pF

+—b— cutPuT
I Si0K
=

Fig.5.10. SQUIER —some care is needed in the adjust-
ment of this circuit.

1000pF

Butler Oscillator {Modified)

This circuit is suitable for use with overtone
crystals, consisting of a grounded grid amplifier (V1a)
and a cathode follower {V1b). The anode circuit of
the amplifier is tuned to the required harmonic
frequency usually second or third, outputs at higher
orgers are generally too small for transmitter use. If
output only at the overtone frequency is required, this
may be obtained by inductive coupling to L1, and the
anode of the cathode follower should be earthed to
r.1. and the tuned circuit L2 C2 omitted. The resistors
used in the two cathode circuits should be matched,
increasing the value will increase the output, but the
stability will deteriorate if this is taken too far while
reducing the wvalue will reduce the output until
oscillation ceases, A compromise value such as that
shown should be used.

O HT+

n
]
=
Y

27K

BB B e—"

1. D a

> 4 (4

] 3 CRYSTAL 1003
3

| 1

333 ]. 3
K& T %2700 2700 %
13 i

+ SOOpF
Fig.5.11. BUTLER —for use with overtone crystals.
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Transistor Qvertone Oscillator

As with valves there are many suitable circuits
which may be used either for local oscillators in a
converter or control of a transmitter.

The circuit shown is typical and with the details
given it is suitable for a 144 MHz converter when a
28-30 MHz tunable i.f. is used. It may aisc be used
with an h.f. band s.s.b. transmitter with output in the
28-30 MHz to a converter for use on 144 MHz,

o.001

HeEMHz

Fig, 5.12. A typical transistor oscillator.

VX0 - VARIABLE FREQUENCY
CRYSTAL CONTROLLED
OSCILLATORS

in recent years the use of circuits which enable a
crystal to be pulled from its fundamental frequency
has been actively developed and several reliable
circuits are now being extensively used, either with a
single crystal or with a bank of switched crystals to
cover the whole band.

In most v.h.f. or u.h.f. bands, the crystal used is
usually of relatively low frequency such as 6-12 MHz
and there is a3 fairly high degree of frequency
multiplication 1o reach the operating frequency.

Typical frequency shifts of up to 200-300 kHz at
144 MHz are common, but better stability will result
if the range is limited to about 100 kHz. Larger or
smaller frequency shifts will become available on
higher or lower final frequencies.

If for example, it is desired to cover the whole of
the 144 MHz band, 144-146 MHz, then a simple
switched bank of crystals together with a frequency
shifting circuit will provide a satisfactory means of
achieving this, with probably 10 crystals. The actual
number will depend on what degree of stability and
ciearness of note is desired,

There are a large number of arrangements for
moving the crystal frequency. The correct values of
the frequency shifting components will vary and are
best made to suit the particular crystal or crystals
being used.
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———————OHT+250V
IKS

L 24 MH2
47009FI‘£

QUTPUT

HT+ 50V
STABILIZED

B 4700pF

Fig. 5, 13. Simple method of varying the frequency of a
crystal oscillator.

The object should be to keep signal quality clean,
this as mentioned earlier aimost inevitably means
restricting the frequency variation to around 100 kHa.
These oscillators find considerable application for net
working or in assaciation with s.s.b. transmitters.

HT+
OaOll

0105V
REG
= \2

100PF + 100pF

150K

QUTPUT

FREQUENCY MODULATION
MAY BE OBTAINED BY
APPLYING AUDIO AT
POINT 'X!

Fig. 5.14. Alternative arrangement for wvariations aof
frequency.

Where wider frequency ranges are required a
normal variable frequency oscillator should be used
and this is best operated at a relatively low frequency
followed by the required frequency muitiplication to
the final frequency.

The Kaliatron 72 MHz oscillator offers another
approach to this problem and in this, as with all
variable (tunable} oscillators, rigid mechanical
construction is essential together with adequate
temperature compensation to counteract thermal
effects caused by the active components in the valve

or semiconductor and alsc changes of ambient
temperature.
The indiscriminate use of variable frequency

oscillators should be discouraged and close adherence
to the band plans will make for the best use of the
frequencies available,

A Kaliatron Oscillator for 72 MHa.
The fundamental frequency of operation is 72 to

73 MHz and is suitable for fully covering the 2m band
{144-146 MHz).
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Fig. 5.15. Two further circuits suitable for giving a
change in frequency.

The tuned circuit of the oscillator consists of the
hairpin shaped inductor, L, and the capacitors, C1, the
frequency setting component and C2 which covers the
tuning range, in this case 1 MHz (72-73 MHz).

QUTPUT

W

12AT7
OR EQUIVALENT

63V

Fig. 5.16. The Kaliatron variable frequency oscillatoi
for 72 MHz,
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NP "

5 L] T| 73,
2 OFF

J | z oFF ) _l

=Dl

3 |
2° . — INSIDE
2 OFF ___i |.._2!.ﬂ DIMENSIONS
6]
HTHI50V 3

STABILIZED ~—._

LT+ vaLveHoLDER

| -2

HOLE FOR
BANDSET
ADJUSTMENT

1" c3

u
; |
i COUPLING i
{c) == " oop
[ ;

w
i 2 |

Fig. 5.17 Details of the construction of the copper or
brass box. The thickness of the material may He
between 16 and 22 s.w.g Diggram (a) shows a view of
the underside of the top plate of the box, and (b) a
side elevation. The coupling loop (c) is mounted
approximarely % underneatn the runed circuit.

The inductor is formed from 10 s.w.g. copper
wire to the dimensions shown in the mechanical detail
drawings and is rigidly supported by connection to the
valve socket, tuning capacitor and h.t. feed resistor at
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the centre. The actual position of C2 should be
located at a point on the circuit so that the frequency
range is limited to the 72-73 MHz, this limit must be
strictly observed to prevent inadvertent out of band
operation.

The output coupling loop is mounted %"
horizontally below the tuned circuit at the h.t. feed
end. Coupling should be as loose as possible consistent
with obtalning the required output to drive the
foliowing stage which should be a buffer amplifier
isolation stage. A valve such as 3 CV 138 or BAMB isa
suitable amplifier.

NOISE

In the v.h.f. and u.h.f. region, the factors which
affect the receiver performance are different from
those encountered on the h.f. bands. It is necessary to
pay considerabie attention to noise reduction within
the equipment itself since as the frequency is increased
from around 100 MHz, noise generated in valves,
semiconductors, resistors, inductors and |eads becomes
of increasing importance.

The lowest of the bands which are considered in
the Manual may be regarded as about the transition
frequency whera the change over from standard
methods to more refined techniques becomes
necessary.

This of course does not mean that a sudden
change over from the conventional circuit
arrangements to linear or cavities are necessary, thess
do not really become necessary until frequencies
around 400/5600 MHz are reached.

Attention to small details become increasingly
important - lead lengths and self inductance of leads
apart from contributing noise may seriously affect the
circuit constants. In order 1o make use of radio signals
it is necessary to amplify them without at the same
time introducing any more noise than is absolutely
necessary. It is of prime importance to achieve as high
a signal/noise performance as possible. To do thisitis
important to appreciate the factors which cause noise.

Generalty the sources of noise can be divided
into:-
{a) External Noise Atmospherics
Thermal noise from the
garth
Solar and cosmic noise

Manmade impulse noise

{e.g. ignition)

CHAPTER 5

Resistive noise

Shot noise

Flicker noise

Partition noise

Transit time and induced
grid noise
Thermal
transistors

From these it is clear that little can be done in
respect of external noise, except in the case of the
manmade impulse and other spark noises. Effective
noise cancelling systems can be devised and details of
these are given in Chapters 4 and 16 of the RSGB
Radio Communication Handbook.

On the other hand, by design, a considerable
influence can be made on the internal noise (noise
generated within the equipment), but it is important
to know how this arises, The various types are briefiy
described below,

{b} Internal Noise

effects in

Resistive Noise

This type of noise is to be found in all resistors,
together with the resistive elements of inductance and
capacitance. The actual level of resistive noise depends
on the type and construction of the resistor,

Even 2 so-called “ideal'” resistor of the metallic
type will generate noise. This noise is created by the
random movement of free electrons within the
molecular structure of the resistive element, and since
the “activity” of these electrons is dependent on
temperature, the leve] of noige will vary with changes
in temperature,

Some qualification of the foregoing ternperzature
v. nhoise statement is however needed. Most resistors
operate at a temperature in the region of 17 deg.C. or
290 deg.K unless special cooling is undertaken. Since
it is only at Absolute Zero - 273 deqg.K below 0 deg.C
- that the motion of the random electrons ceases, and
the resistor wouid become “silent’” i will be
appreciated that, over the normal working
temperature range, eny changes in temperature will be
proportionately very small when compared to the
elevation above absolute zero. For this reason, the
inherent noise level within average resistors does not
change wvery appreciably over the range of
temperatures encountered under normal working
conditions.

Carbon resistors, which are atmost universally
employed in equipment are likely to be as much as ten
times more hoisy than metallic types, and this fact

VHF UHF

ammmm SHOT & PARTITION NOISE _—-—+§‘-——_TR&ISIT TIME & INDUCED GRID NOISE s

- ———————RN R £ 51 ST YE MO . — >
TOP BAND  BOm LOm 20m 15m 10m km m Hem 23em Vem
; A | | , P18 l 1 | : | :
1MHz 10MHZ OOMH:2 1GHz 10GHz

Fig. 5.18. Chart illustrating the relationship between types of noise and frequency.
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should be borne in mind when producing items such as
high gain microphone amgplifiers.

As a matter of interest, specially designed
resistors operated at high and/or low temperatures, are
available for use as noise sources for equipment
evaluation.

Shot Noise

Shot noise arises from the random emission of
electrons from a hot cathode within a valve structure.

There are two classifications of emission from
the cathode or filament of a valve, one being
designated ‘“'saturated emission’” and the other
“nonsaturated emission”’, In the former, and
considering a simpie diode with a pure tungsten
filament, the anode current will be directly controtled
by the temperature of the filament and when this is at
its permitted maximum, the anode will ““take up’ all
the electrons available from the filament. There are no
“spares’’ drifting around.

Under non-saturated emission conditions, there is
much more emission available from the
cathode/filament, than that which is being drawn by
the anode. This gives rise to a space charge between
the filament and the anode, and this has the effect of
smoothing out some of the fluctuations in anode
current caused by the shot effect. Most valves
employed in eguipment are operated under space
charge conditions i.e. non-saturated emission - and the
anode current ftuctuations are much less than in the
case of the saturated emission diode used in noise
generators,

Flicker Noise

This takes the form of large amplitude pulses,
and "is produced in some types of valves at low
frequencies, being, generally, most troublesome in the
frequency range 100 Hz - 50 kHz.

In high gain audio amplifiers, the presence of this
noise form is most detrimentai to satisfactory
operation, and has led to the development of special
“tow noise’’ valves for this particular application. The
EFB86 and its associated types are examples.

Partition Noise

In multigrid valves, the division of the total
cathode current between the anode and the various
other electrodes are subject to the fluctuations caused
by shot effects. In turn, these additional electrodes
will, by a process similar to modulation, cause
increased random fluctuations in the anode current.

From this it will be appreciated that the fewer
the eiectrodes in a valve the better, and moreover, why
it is that a triode will always have 2 much lower noise
factor than a pentode or other multi-electrede valve.

RECEIVERS

Transit Time Conductance and Induced
Grid Noise

The random fluctuations in the electron stream
emitted from the hot cathode - see shot noise - in
passing through the grid structure on the way to the
anode, will induce a noise voltage on to the grid from
the electrostatic charge carried by the electrons
themselves,

The magnitude of this will depend on freguency,
At low and medium frequencies this noise will be
salf-neutralized as the voltage induced by the electrons
approaching the grid will be cancelled by an equal and
opposite voltage induced by those receding from the
grid. At higher freqguencies, however, 20 MHz and
upwards, the actual time taken by an electron to pass
from the cathode to anode will be an appreciable
fraction of the operating cycle, the fraction increasing
with frequency. This transit time, as it is known,
results in a difference in phase between the electrons
approaching the grid, and those receding from it. The
result is that not all the induced voltage is cancelled.

As the frequency is raised, the magnitude of the
current induced in the grid also rises. This
approximates to a resistive thermal noise generator
operating at a relatively high temperature. This effect
is normally termed transit time conductance. The
value of which is proportional to the square of the
operating frequency.

In order to assess the merit of a valve for receiver
purposes two parameters are often quoted: (a)
Equivalent Noise Resistance and (b) Noise Factor.

Equivalent Noise Resistance

This is defined as an ideal resistance which, when
maintained at a normal operating temperature, would,
if placed in the grid of a noiseless valve, produce anode
current fluctuations equal to shot and partition noise
of an actual valve of similar characteristics.

This method of assessment has been used for
many years on the continent, but it is onty really of
value in the frequency range 50 kHz to 20 MHz. It is
of little or no value in equating a valve for suitability
inv.h 1. or u.h.f. applications.

The equivalent noise resistance for various types
of valves can be calculated as follows:
(i} Triode {Shot Noise anly)

.
F{—G ohms

m
{ii) Pentode or Tetrode {Shot and Partition MNoise

only]
i 25 201
e x( —_+ g:) ochms

la +1g2 gm gm

Req_

{iii) Triode Mixer {Shot noise only}

_4.0
Req = 'E'E- Ohms
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{iv) Pentode or Multigrid Mixer (Shot and Partiticn
Noise only)

! 40 20lg>
R - . A (——C-.-+ 5 ohms
905 + Iga \gc ge

In the foregoing formulae, the value of |4 and Ig,
is expressed in amps, while that for Gm and Ge are in
amps/volt.

From these calculations, it will be seen that the
lower the equivalent noise resistance, then the better
the valve. While this is true at freguencies where the
induced grid noise is not troublesome, and while valves
with a high Gm will produce the lowest squivalent
noise resistance, this does not automatically make
them the most suitable for every application.

Noise Factor

There is more or less a standard method of
expressing the performance of a valve intended for
service as an r.f. amplifier on frequencies above 20
MHz; this is quoted as its noise factor. Assuming that
the first stage has adequate gain, this can also be used
to state the performance of receivers and converters.

The measurement of noise factor is carried out
using a diode noise source such as the A2087 whose
noise performance can be calculated from:

.8
FeaiT'dRs
where -19
e= the electron charge = 1569 x 10
coulomb

k= Boltzmann's constant = 1.372 x 1072
joules per deg.K

T= Temperature of source resistance in
deg.K

Id = noise diode anode current in amperes

R_ = Source resgistance in ohms

in cases where the normal operating temperature
is of the order of 17deg.C - 290deg.K - the formula
can be simplified to

F= 20 Id Rgas a ratio

or F= 10log {20 Id Hs} in decibels

Noise diodes are avaiiable for frequencies up to
about 500 MHz or so, but when measurements are
made at or near the maximum frequency of the noise
source, some precautions are necessary to avoid
producing optimistic results, and corrections are often
needed. For most purposes, however, the diode noise
generator is an entirely reliable and stable source
producing repeatable results, and when used up to
about 150 MHz little or no correction is needed
provided that a suitabie diode is employed.

The circuit of a diode valve noise generator is
given in Fig.10.40. This will perform the tests
required on most amateur equipment for frequencies
above 20 MHz, and possesses a high degree of
repeatability over long periods. it should be noted that
if a CV2398 diode is used in place of the A2087, then
the filament supply must be increased to 6 volts.
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For comparative tests, and when repeatability
over a short period is adequate, then the simpler
germanium diode noise generator given in Fig. 10.43
will be found guite satisfactory.

Full details of the construction and use of noise
generators may be found in Chapter 19 of the
RSGB Radio Communication Handbook.

At frequencies of 500 MHz and above, it is usual
to find that an inert gas discharge tube is employed as
the noise source. Some special noise diodes however
can be used up to 1000 MHz but corrections for
transit time errors must be made and it is for this
reason that the gas discharge tube usually takes over.

In a gas discharge tube, the positive cotumn of
gas emits electromagnetic radiation, and this can be
readily coupled into either a co-axial line or wave
guide circuit.

Transit Time Conductance and Induced
Grid Noise

_gm.5. {af]2
& v;.10"°

3.3 b/a
1+ {Va/V] %

Above 20 MHz the induced grid noise effects
predominate, imposing a shunt conductance across the
Ge, can be calculated as follows:

( 1+ ) {A/V)
{a)} The valve geometry is planar,
{b) The initial velocities of the electrons leaving the
{c) The emission is space charge limited.
id}y The grid plane can be considered as
{e} The iivalue is large.
(f} The signal voltages on grid and anode are smatl,
and grid-to-anode spaces are small.
where:
gm = mutual conductance of the valve under the
given operating conditions (A/V)

b is the grid anode spacing {cm}

f is the frequancy in hertz

.Ic is the cathode current density of the valve

uhder the given operating conditions {A/cm2}.
The transit time shunt conductance Ge should not be
confused with the shunt conductance placed across
either in the grounded cathode or grounded grid
connection.

input circuit of an amplifier. This shunt conductance,
This relationship assumes the following:
cathode surface are zero.
equipotential.
{g} The transit angles through the cathode-to-grid
V1=569x10° xa® x J_® (vols)........
a is the grid cathode spacing [em)
Va is the anode voltage (V)
Hence Gg <« 2
the input terminals of an amplifier containing a valve,
In the case of the grounded cathode connection,

'shown in Fig.5.19, the interaction between the valve

and the cathode lead inductance produces a



conductance Ge, placed across the amplifier input, of
value given by:
G = gm (472F2) L cok (A/V)

where:

gm is the mutual conductance of the valve in

AN,

f is the operating frequency in hertz

Lc is the cathode lead inductance in henries.

cg-k is the grid-cathode capacitance in fareds.
here again, G & f2

G, does not contribute any noise to the amplifier
but it does serve to apply extra damping to the input
of the amplifier, which is not usually desirable.

In the case of the grounded grid connection, a
shunt conductance term Gj, is applied across the
input, taking into account the valve, the transit tima
conductance G_ and the load applied to the output of
the valve circuit.

Gjn, is given by:

- m
Gin Ge+ T+ t/ra GLi

where gm is the valve mutual conductance.
G| Is the external load shunt conductance
rz-1 is the valve anode conductance
To minimise the noise factor of an amplifier, the
effects of the equivalent noise resistance and transit
time conductance, considered as noise sources, must
be made as low as possible at the operating frequency;
always bearing in mind the importance of sufficient
gain to eliminate the effects of second stage noise
contributions.

Noise in Transistors

Noise in transistors can be broadly divided into
three classes, which are similar to those affecting
valves, these are:- Flicker noise,

Thermal noise and
Shot noise

Flicker noise occurs at low frequencies and is
generally increased as the frequency is decreased, it
therefore is only likely to concern us in audio
amplifiers such as microphone and speech amplifiers in
transmitters  or the i.f. and audio stages of & receiver.

Thermal noise is caused by_the random motion
of charges within the device. This motion gives rise ta
electrical power which is proportional to absolute
temperature and the band width. The noise voliage
(rms2} which appears across the device terminals is
equal to

Ak TR}, volts?

where
k = Boltzmann’s constant = 1.38 x 10723
joule /K.deg.
T = Absolute temperature in K.deg.
R = Resistance in ohms.

fow = frequency bandwidth in hertz.
Note, that this is very similar to the noise factor of a
valve.
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Shot Noise occurs under conditions of current
flow. The current flow may be caused by a field, as in
the case in a valve or by diffusion as in the case of
transistors. It is caused by the random nature of the
arrival of the charges. If these charges arrived
uniformly, a single frequency would be generated. The
shot noise energy associated with a stream of charges
{carriers} - the d.c. current - is proportional to the
charge of an electron, the d.c. current flowing and the
band width.

The transistor itself has in effect
self-contained noise generators within the device:
{a} Shot neise in the emitter base junction,

(b} Thermal noise in the base resistance, and
(c} Shot neise in the collector-base junction.

In spite of these problems the modern transistor
and especially the Field Effect type will in general
provide a lower noise r.f. amplifier or receiver front
end than valves, but care must be taken to prevent
accidental overload occurring and so far no adequately
fast protective device has been developed.

VALVES SUITABLE FOR R.F.
AMPLIFIERS

As indicated from the previous section on
the causes of noise, one of the factors, that due to
partition, virtually forces the triode as the only
suitable type design, Pentodes are too noisy for low
noise amplifiers, except possibly on 70 MHz where
they may be acceptable, but even at this frequency the
triode will show some benefit. At 144 MHz and above
they are essential. Some recent transistors have good
low noise performance and those of the Field Etfect
type are especially useful,their very much higher input
impedance and freedom from cross modulation effects
make them the first choice for new eguipment.

Ordinary bi-polar transistors, although some have
good noise factors, are very low input impedance
devices and have to be well tapped down on the tuned
circuit. In addition they generally also suffer from
cross modulation effects, are sensitive to r.f. input and
can be easily damaged.

The choice then really is between specially
designed valves and: Field Effect transistors and in the
following details those suitabie are given, together
with gircuits for normal low noise transistors, which in
any case can be successfully used in mobile and
portabie equipment.

As mentioned earlier the signal-noise ratio is the
most important factor for any receiving equipment
and it is most desirable that the noise factor is
measured. Egquipment to do this is quite simple, and
either a saturated thermonic diode, from which the
noise output can be calculated, or a noise source using
a semiconductor diode, which can be used for
comparative tests, should become part of the serious
amateurs’ test equipment. Details of a noise generator
are given later in this Manual. Apart from actual
measurements if an increase in noise can be detected

three
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when the aerial is connected the converter has an
acceptable noise factor,

Although the noise performance of an r.f.
amplifier is very largely controlled by the valve or
transistor employed, the circuit itself should be as
good as it can be made,

The tuned circuit should have as high Q as
possible and both the aerial and the amplifier correctly

matched, so that as much energy as possibfe is
transferred from the aerial to the amplifier itself.

As will be found from noise generator tests, the
best noise factor will not coincide with the maximum
signal gain, but preliminary tuning of the circuit for
maximum signal output should be done initially, and
then varied as shown by the noise measurements.

The three conventional circuit configurations are

CHAPTER S

grounded cathode, grounded grid and cascode, their
relative advantages and disadvantages are set out
below.

Valves most suitable for these applications have
high mutual conductance and as low capacitance as
possible. In assessing the mutual conductance it is
important te relate this to the standing anode current
and it is therefore in terms of MA/V per milliamp of
anode current,

In an r.f. amplifier, whichever circuit arrange-
ment is used, the input and output circuits should be
screened from one another, Such a screen is best fitted
across the valve socket and should be a reasonably
close fit to the profile of the socket. Careful
positioning will enable the maximum isolation be-
tween circuits without interfering with the wiring to
the socket connections.

CIRCUIT ADVANTAGE DISADVANTAGE APPLICATION
Grounded High power gain. Requires neutralising. Narrow band
Cathode Low input conductance. amplifiers up to
300 MHz.
Grounded Wide band Low power gain, Wide band
Grid characteristic very amplifiers above
stable. 150 MHz.
Low input conductance.
Cascode Stable high power Requires two stages Narrow band
gain. one of which requires amplifiers
neutralising. up to about
Low input and output 300/400 MHz.

conductance.

HT+

1

=
{a) Inductivgly Neutralized

(b) 'Capacity Bridge
Neutralized

-

{c) Grounded Grid

Fig.5.19. Three types of r.f. amplifier.

As mentioned earlier, triodes operating with
grounded cathode need to be neutralised to prevent
self oscillation due to the relatively high anode to grid
feed back capacitance. There are two normal methods
by which this can be achieved:-

(8) Inductive neutralising {Fig. 5.19a}

{b} Capacity bridge (Fig. 5.19b)

The latter is generally rather simpler to arrange and
adjust. In the circuit of Fig.5.19{b) the anode tuning
capacitor TC should have an operating value as near as
possible to that of the valve's anode to all other
electrodes capacity. In cases where the anode circuit is
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paraliel tuned it may be necessary 1o introduce a
balancing capacitor, in addition to the tuning

capacitor. '
Valves for use as grounded cathode operation at

v.h.f. and u.h.f. are normally fitted with 2 number of
cathode leads, in order to lessen the series inductance
of the cathode connection. Grounded grid r.f.
amplifiers have a distinct advantage in ¢btaining
stability without neutralising due to the much reduced
capacitance between the anode and cathode when the
grid is operating as an earthed screen. Input and
output circuit isolation is of course necessary as for



neutralised amplifiers. Valves intended primarily for
use under these conditions are either fitted with a
number of leads to the grid, or are of the disc seal type
of construction, thus enabling a very low inductance
connection to the grid. There is, however, some
difficulty in matching the input to the low impedance
of the valve which is generally in the region of about
100 ohms. As indicated in Fig.5.19{(c} the valve may
be tapped down the input turing circuit which will
often give a worthwhile improvement in performance.
In simple amplifiers the aerial coaxial feeder may be
connected directly to the valve as far as r.f. is
concerned, i.e. through a suitable isolating capacitor to
enable cathode current bias to be applied to the valve.

ik

T 3

<+

="

O —

Fig. 5.20. Showing a FET neutralised amplifier.

In Fig.5.20 an example of the amplifier given in
Fig.5.19(a) is shown using a Field Effect transistor in
place of the valve. The higher input impedance of this
type of semiconductor enables them to be substituted
for the valve without a great deal of re-designing of the
tuned circuit.

Standard types of semiconductors intended for
r.f. amplifier service at these frequencies can, of
course, be used, but it will be necessary to match them
into the tuned circuits by tapping on to the inductor,
usually well down from the high potential end.

Cascode Amplifiers

o

Fig. 5. 21. Showing a cascode amplifier.

In Figs. 5.21 and 5.22 are shown typical cascode
amplifiers. In this amplifier arrangement the first stage
operates as an Impedance matching device feeding into
a grounded grid following amplifier. The first stage
must be neutralised, usually as shown by the inductive

RECEIVERS

method although capacitative arrangements have been
used in some designs.

HT+

=

B
-
Fig. 5.22. A simplified or series cascode.
A2599

Fig.5.23. The Author’s form of modified cascode
amplifier.

In the original form, which may be either a.c.
coupled, Fig. 5.21, or series d.c. coupled, Fig. 5.22,
the first stage has low gain due to the very heavy
damping of the output circuit by the following stage.
Some improvement in gain can be arranged by the
method shown in Fig. 5.23 in which the first stage is
capacitatively neutralised and the second stage is
tapped down the anode circuit of the first stage, thus
permitting a significant increase in gain and improved
selectivity. The neutralisation in this arrangement
needs 1o be more complete than in the original form,
in order to preserve the stability ¢of the stage with the
reduced damping applied to the output circuit.

TRANSISTORS FOR
PRE-AMPLIFIERS AND
CONVERTERS

Transistors of high performance and low noise
with satisfactory stage gain are freely awvailable and
suitable for most receiver pre-amplifiers or converters.
Equally they are suitable for the local oscillator and
multiplier use,

Generally, unlike valves, few types are entirely
interchangeable and the list of available suitable types
is very extensive, the typical practical designs given
later guote the particular type used but eqguivalent
performance types may, of course, be substituted.
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Fig.5.24A. A FET cascode.
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Designs are also given for Field Effect transistors,
these types bhaving significant advantages over the
bi-polar types especially in 5o far as they, like valves,
are voltage operated devices and are of substantially
similar input impedance, whereas the bi-polar
transistor is essentially a current operated device of
low impedance.

One of the major problems of the bi-polar type
transistor is that they are rather transparent, i.e. they
will accept and amplify unwanted signals often far
removed from the tuned circuit resonant frequency;
this is due largely to the lack of isolation between the
input and output circuits. Field Effect types show a
marked improvement in this respect.

When the device ® of low impedance it is
essential to tap the feed points down on the tuned
circuit in order to obtain a reasonable 0", and hence
a sufficiently narrow band width. As mentioned earlier
Field Effect types being higher impedance devices can
be operated almost the same as a valve and in many
cases typical valve type components are quite suitable
for use with these devices.

Noise figures of semiconductors are now
significantly lower than those available from valves,
but generally, they are easily damaged by overloads
which wvalves would withstand without trouble. It is
impaortant therefore, to ensure that there is adequate
protection against over-load particularly where there Is
any chance of poor isolation in a transmit-receive
relay.

CcoO

Multiplier

CHAPTER 5

Mast head pre-amplifiers, provided suitable
over-load protection is provided, enable superior
receiver performance to be obtained, and sufficient
gain is readily available to more than overcome the
noise contributed by the feeder cable. Complete
pre-amplifiers with a small long life battery can be
installed with or without switching the battery supply
and the life of suitable batteries at the low current
drain is likely to exceed 12 months and renewal can be
included in the annual overhaul of the aerial.

Diode Multipliers

TO MIXER
2f J:’\ o
3
}I
DICDE

{a)

v -

TO MIXER

>

3

DIODE

3
-

Fig. 5.24, Two types of diode multiplying circuits.

The small “‘crystal’’ diode, such as the GE X66, or
IN82, offer an attractive means of frequency
multiplication in convearters, especially on the higher
frequencies, such as for 70 and 23 cm. Like their
transmitting counterpart, the varactor diode,and unlike
the valve, it is necessary to do something about the
unwanted harmonics. In the case of a valve a simple
tuned circuit at the required freguency is usually
sufficiently selective to reduce other harmonics to a

RF Stage Mixer

J

S

1000pF
Clo

AR
vy
-
-3

co 14
L
Re
L 10K |
SRl
1K
TR Th2 TR4 -
a0 0c17Q 0c170

AERIAL

Fig.5.25. A practical 2m converter using bi-polar transistors. Coil details appear on page 5.19

5.18



low enough value not to be troublesome. Whereas in a
diode multiplier used as a tripler, a trap circuit for the
second harmonic is needed to prevent unwanted
response to signals which when mixed with the second
harmonic fall into the passband of the receiving
system. in spite of this disadvantage, their use as the
final stage of freguency muitiplication is a great
convenience, no power supply, other than r.f. is
required and this enables them to be wired directly in
the circuit. As they are low impedance devices they
can conveniently be driven by a simple loop coupled
to the previous tuned circuit and a typical
arrangement is shown in Fig.5.24({a).

In Fig.5.24(b} some improvement in performance
can be obtained by setting the dicde bias to its most
suitable value by choice of the resistor R1. This will
vary depending on the diode and the frequency
multiplication factor. As indicated in both the
diagrams the diode should be tapped well down the
tuned circuit.

A CONVERTER USING BI-POLAR
TRANSISTORS FOR 2M or 4M

In this converter the local oscillator - multiplier is
provided by the two OC170 wv.h.f. transistors. The
crystal should preferably be of & high freguency, so
that the multiplier is then operated at reasonable
efficiency, which means that the stage multiplication
is limited to three or four times the oscillator
frequency.

The actual frequency will depend on the if.
required and if this is 4-6 MHz then a 35 MHz crystal
with a four times multiplier wilt be suitable, or a 44
MHz crystal with a three times multiplier giving 132
MHz would be suitable far an i.f. of 12-14 MHz.

in the circuit, L1 and C2 are resanated to the
crystal frequency, and L2 and Cb are tuned to the
required final freguency, either three or four times
that of the crystal frequency. Qutput from this circuit
is taken to the mixer base via the isolating capacitor
C6.

2M CONVERTER COIL DATA

NO. GF WIRE
INDUCTOR TURNS SIZE
L1 15 26 s.w.g.
L2 6 18 s.w.g.
L3 6 18 s.w.g.
L4 6 18 sw.g.
L6 55 30 sw.g.
25 30 s.w.g.
4M CONVERTER COIL DATA
NO. OF WIRE

INDUCTOR TURNS SIZE
L1 25 26 s.w.g.
L2 11 18 s.w.g.
L3 10 18 s.w.g.
L4 14 18 s.w.g.
LS 50 30 s.w.g.

RECEIVERS

The third transistor, an AF185 or other low
noise v.h.f. type, is operated as the r f. amplifier. The
circuit of this stage may, of course, be replaced by the
alternative neutralised amplifier previously described.
The input tap, from the inductor, one turn up from
the earthy end of the coil, is common with the aerial
tap and goes via the isolating capacitor C8 to the base
of the AF186,

The output from the collector tuned circuit is
also taken from a tap near the low r.f. potential end of
the inductor and this is fed into the emitter of the
fourth {mixer) transistar.

Alternative Pre-Amplifiers
for 2M and 4M

Both the circuits shown are similar and the
component values are the same in both, except
that in Fig. 5.27 the zerial input is coupled to the
input circuit L1 by a coupling coil. This is necessary so
that bridge neutrafisation can be achieved. For
simplicity Fig.5.26 is preferred but when correctly
adjusted the neutralised amplifier will give a superior
performance. As mentioned previously it is necessary
to tap the input to the transistor weli down the input
inductance, The output impedance (collector}) is
sufficiently high to feed in at the top of the tuned
circuit.

€ b
o o <
P, R3 %

£ 47K
AEnaL  AFIRD
¢ mr
c7
3-0pf,
Ll ZRé ]
45 MHz  $10K :I.::: fd"m
gF
= Fig.5.26. A transistor preamplifier.
DIAM.

%" former for crystal 44 MHz,

%' self supporting tapped 1 turn for 132 MHz,
%" self supporting tapped 1 turn.

%' self supporting tapped 1 turn.

%" closewound for i.f. = 4-6 MHz.

%' closewound for i.f. = 12-14 MHz.

DI AM.
W' former for crystal 16.25 MHz,
%" self supporting tapped 1 turn for 65 MHz
14" self supporting tapped 1 tura.
%" self supporting tapped 2 turns.
1L close wound for i.f. = 5.1-5.7 MHz.
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Fig.5.27. An alternative circuit to that in Fig. 5.26.
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The position of the tap on the output circuit will
depend on the following stage and this is most likely
to be a low Impedance input coupling, normally fed
by an aerial or it may be the input to a transistor
mixer. In these cases the tap should again be well
down towards the low potential end of the
inductance. Alternatively, if this is to feed into a valve
mixer, then the tap may be nearer the high potential
end of the circuit. in any case the points of both the
input and output circuits shouid be adjusted for
optimum resuits.

Suitable coil sizes are:-
2M L1 6 turns

L2 6turns
4M L1 10 turns
L2 14 turns

18 s.w.g. ¥ diam.
18 s.w.g. % diam.
18 s.w.g. % diam.
18 s.w.g. Y4 diam.

tapped 1 turn
tapped 1 turn
tapped 1 turn
tapped 2 turns

The output circuit of the mixer, a pi cireuit
consisting of L6, C13 and C14, will provide a good
match to the input of the following receiver. In this
case only the inductor is made adjustable, which is
simpler than tuning this circuit by the capacitors.
Some adjustment of the aerial trimmer in the main
receiver may be necessary to obtain equal performance
over the whole of the 2m band. This is not likely to be
necessary on 4m where the band width is less.

O- 12V
-8
S 100K
:'5°°an
T FEEDHAOUGH
L
cl
2 _8pF »
23 o+
- SOOpF FEEDTHROUGH

Fig.5.28. An FET pre-amplifier for 144 MHz. 1.1, L3 6

turns %' dia. L2, L4 1 turn coupling coil. C1, C2 2-8

PF trimmers. Rs, the value should be suitable for the

garjdsfstor used. For a TIS34 the current should be
mA.
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The power requirements for this converter is
6mA at 9 volts. |f operation is to be froma 12 volt car
battery, then a 500 ohms resistor should be connected
in series with the negative line,

0-12V
Rs 1 FEEDTHROUGH
SO0pF
47pF
Ca | — —
47
pF L
3
ci
SO0pF
mpCUUPF 2-8¢F l
{ FEEDTHAQUGH

Fig.5.29. An FET pre-amplifier for 432 MHz. L1, L2
uarter-wave line civcuit tuned by Ci and C2. Cl, C2
—8 pF trimmers. Rs adjusted as for the 144 MHz

pre-amplifier.

A Neutralised 6CW4 Amplifier for
144 MHz.

In this pre-amplifier the valve is used in the
standard grounded cathode mode with bridge
neutralising, and apart from its intrinsic value as a
useful device, it also serves to illustrate the principle of
the method of neutralisation of a triode r.f. amplifier.

CN/::X /= m VC2
5 l G K L2
JI ]
Cga Cak
Ll %Ci Tqu T f_-' T
A

Fig. 5.30. Equivalent circuit, Cgk = capacity between
grid and cathode. Cak = capacity between anode and
cathode. Cga = capacity between grvid and anade.
Other components marked as in practical circuit,

7Oy

——t AAAN O HT+
o L2 22K (BmA)
vee =
2.5 (}?
&5pF Cn -)
= [-IOpFam -
2?EF = J. 'y
| 4 - . ’
8 /
Ll % i I000pF
;_ $47K
VC|
=10
pF
r : : —OE
¥ \l 06:3V

Fig. 5.31. A practical pre-ampiifier. L1 5 turns 20
Lw.g tepped at 1% turns %4 dia. %" long. L2 8 turns
16 s.w.g. tapped 41% turns from gnode end. %' dig. 1"
long. L3 1 tum link coil of insulated wire fitted
around centre of L2 R adjusted to suit ht. for an
artode current of SmA.



The equivalent circuit shows clearly the bridge
configuration of the amplifier, the bridge being
formed by Cn, Cga, VC2 and Cgk and it will be
balanced when CnfCga = VC2/Cak. Under this
connection feedback from anode to grid will
theoretically be zero. The practical amplifier is
constructed in a diecast box and the component
positions together with the inter circuit screening is
shown in the layout diagram. A noise factor of
approximately 3dB is obtainable with this amplifier at
145 MHz, optimum adjustment of noise can only be
achieved by use of a noise generator.

HT+ G3¥

c ©

Q
=
J—L_T__}—@ (7 @_—L
6CW4 @]

—_

o)

Fig. 5.32 Drawing showing layout. The pre-amplifier is
built inside an Eddystone box 3% x 444" The nutput
socket is mounted immediately below L3.

70cm PRE-AMPLIFIERS

Grounded Grid Using 8058 Nuvistor

HT+110V

Fig.5.33. Diagram of 8058 70cm pre-amplifier. R.f.
choke iz 12 1. 26 s.w.g. %" diameter. L1 and L2 are
Y diq, Brass or copper tube % bore. Cl and C2are
2BA serews with low loss insulation fixed over thread
to prevent short circuit between trimmer screw and
body of the line. As an alternative the method

described wunder tuned circuits could be used.
Dimensions qre given in Fig.5.34. |
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MATERIAL — 20 swg f
COPPER SHEET

Fig.5.34. Showing the main components and dimen-
sions of lines of the 70cm pre-ampiifier. The screen
dimensions and drilling details are also given,

As mentioned earlier grounded grid connection is
suitable for r.f. amplifiers at frequencies above about
150 MHz, and valves specially designed for this type of
use can be expected to give a better performance than
those of the usual design for grounded cathode,
connected for grounded grid operation, because of the
lower grid lead inductance.

The BO58 fulfils the requirement very well and
can be expected to give a good performance, with
tittle trouble provided the circuit arrangement is as
shown with input and output screened from one
another by the screen on which the valve is mounted.
The circuit is drawn to show the parts lecated in the
input section with the surrounding box shown as the
overall enclosure. The input and output tuned circuits
are lines tuned to resonance by the end capacitors.
The aerial, cathode and anode and output connections
are tapped on to these lines at appropriate points. The
actual position of the tapping used should be found by
using a noise generator.

A Neutralised 6CW4 Nuvistor

in this arrangement, the grounded cathode 6CW4
valve is neutralised in a bridge circuit where NC should
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DIE- CAST BOX SCREEN

OUTRUT

HT+ 150V

47K 6.3V

Fig.5.35. A 6CW4 pre-amplifier. Details of L1 and 1.4
are given in Fig, 5.36. L2 and L3 are 14" dia. brass rod
or tube counter bored as shown,

234" -

N-.
N
¥

/"+IL':Z

Fig.5.36. Layout of Iines and screen of 6CW4 pre-
amplifier. L] and L4 are of 16 s.w.g, and are of shape
and dimensions shown.

e—  — 4'%7 exTeRmaL
NOTE SLIGHT TAPER ON SIDES

. MATERIA
T 208wy COPPER SHEEY

/Lia?fio EXTERNAL

FILE CORNERS TO FIT BOX CONTOURS

Fig. 537 Dimensions and drilling details of central
screen upon which the valve is mounted.

HOLES FOR BUSHES
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be adjusted to a value equal to the capacitance of the
valve when hot. Both the input and anode circuit are
inductively coupled to the High Q linear circuits while
the output is connected to a tap on L2. The general
design is the same as for the grounded grid
pre-amplifier where the encasing box is divided into
input and output sections by the screen which is fitted
centrally into the box. The valve mounting position is,
however, changed to provide suitabie {ayout for the
tuned ancde circuit. Both the input and anode circuit
positians should be adjusted for optimum
performance. The best noise factor can only be
adequately assessed using a hoise generator and details
of these are given in Chapter 10. The trimmer
capacitors tuning the line circuit can take any form
which does not signficantly lower the unloaded Q.
Tuning this neutrslised type of amplifier is less
straightforward than with the grounded grid type
because it has to be neutralised. The line circuits
should be adjusted for maximum signal and then the
neutralising capacitor should be adjusted for
minimum, both adjustments should be made with &
strong local signat but without h.t. on the valva.

Masthead Pre-Amplifier for 70cm

TO AERIAL

cl TRI <
I000pF  AFI139 COLLECTOR LINE

RELAY
Ri
5K

.||—l
3

A A

F = —y VY
™ l 15000
c7 RELAY

(17T T

CRI vRi2F (AE1)
12V ZENER DIODE

R2 <:

+(5V FROM
T/R SWITCH

TO
1O
TRANSMITTER —> ot ren

= KOOpF
Fig, 5.38. Circuit of masthead pre-amplifier showing
aerial changeover relay and method of supplying
operating voltage.

The use of a pre-amplifier at the masthead will
enable the realisation of the best reception of which
the equipment is capable, noise introduced by the
«<able being largely overcome tagether with a reduction
of the signal attenuation caused by the cable itseif.
Although the circuit given is for 70cm the same
method is equally applicable to the other bands,
especially the higher frequencies where cable losses



and noise contribution increase rapidly with
frequency. Care is needed in the mechanical tayout to
ensure that there is a minimum pick-up by the
transistor when the aerial switched to transmit. It
should be noted that the relay is connected so that its
normal unactivated paosition is for transmit and that
for reception it is "‘switched-on.”” This allows the aerial
to be used even if there is a fault in the pre-amplifier.
With care a transmitter operating at full power, 150
watts, should not damage the transistor, this may be
achieved by careful test and adjustment of the cable
length connecting the relay to the pre-amplifier input
socket. The base current should be checked and can be
reduced to about 1 pA with a 4" cable length.

(b) [ } RAMIC
%_m INSULATOR
/ 1
Y J TO TUNING w BOT'I!OM
TO QUTPUT CAPACITOR C4 OF TROUGH

SCOCKET ViA C6

Fig.5.39. HNlustrating the general arrangement and
layout of the masthead pre-amplifier.

TO AERIAL

TO CONVERTER

E—-INDICATES EARTH POINTS TC TRANSMITTER

Fig.5.40. Shows a typical arrangement of the
pre-amplifier in its weatherproof box.

RECEIVERS
TUNNEL DIODE AMPLIFIERS

Tunnel diodes have been available for some
years. They have been talked about for even longer,
but the average amateur has very little idea of the
potentiality of these devices; and this in spite of the
fact that tunnel dicde circuits are simple (at least on
paper) and that results are very easy to achieve.

ima 4
A
B

|

Fig. 5.41. Current plot against appiied voltage fo a
tunnel diode.

One of the factors which has the largest effect on
semiconductor action is impurity content. If the
impurity content in the semiconductors forming a
junction diode is reduced, the reverse voltage
capability of the diode is increased. Equally, if the
impurity content is increased, the reverse voltage
possible is reduced. If, however, the impurity content
is made sufficiently high, around 2 x 1019 atoms per
cc in Germanium, the reverse breakdown voltage is
reduced to zero and the diode becomes almost an
ordinary cenductor in the reverse direction. This
degree of '"doping’’ is said to make the semiconductor
“"degenerate’’.

The fact that the reverse breakdown valtage
drops to zero is not by any means all that happens. If
degenerate p and n semiconductor materials are
brought together under very carefully controlied
manufacturing conditions to make an axtremely
abrupt junction, of the order of 150 A® in thickness,
the forward characteristic is also affected, Drawing a
graph of current against voltage, one obtains a curve
similar to Fig.5.41. Starting from zero volts across the
diode, the current at first increases more or less

+R }

d

55 130

—RY

Fig 5,42 A.C. resistance plotted against voltage.
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linearly in the forward direction. At about B5mV, the
current levels off and then starts to decrease until at
350mV (for germanium} it reaches a minimum and
again starts 1o climb - more as one would have
expected from a semiconductor diode.

Looking at this graph more closely, the slope of
the curve at any point is 8 measure of the diode a.c.
resistance, and this can again be plotted against volitage
as in Fig. 5.42. The really interesting part of this graph
is the central portion where the curve is negative. By
definition, any ordinary resistor dissipates power when
current flows through it. It follows then, that a
negative resistance will generate power; in fact, current
flowing into it will be out of phase with current
leaving it. This is not a resistance in the d.c. sense: it is
an a.c. resistance such as the anode resistance of a
valve; a negative incremental resistance. Put this
negative resistance in series with or In parallel with a
load and the possibility of power gain will become
more evident. Take the series case first, If a voltage V

14
RI 3>
¥in <
HQE’ Vout
L ]

Fig. 5.43. Positive and negative resistances in series.

is applied to R1, and R2 in Fig.5.43 and the voltage
across R2 is measured, it will be found to be IR2,
where { is the current due to V through both resistors.
V equals 1{R1 + R2), and therefore the "gain’’ that is,
Vout_ Rz
Vin Rij+tR;
and, if R2 is negative, the result can be greater than [.
[t can even approach infinity if the two Rs are equal.
The parallel case is just as obvious though in this case
it is better to work with conductances {(reciprocal

resistances) as in Fig.5.44. If sources and load
I L L R R
A G1$ GLg A, 63 Ga3 GLS
L3 ] 0 T

fu) S¥nED (v)

Fig. 5.44. (a) Positive conductances in parallel (b}
Positive source and load conductances in parallel with
a negative conductance.

conductances are equal then the source current splits
equally between the two halves of the circuit, the
power in the load is E
4gl
greater than 1, !f the load is paralleled by a negative
conductance, then current in the section will be out of
phase with the driving current, That is, the negative
conductance acts as an additional source and supplies
additional current to the circuit. Load current can

and the power gain cannot be
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now be greater than %and power gain exceeds 1. The

power gain will be seen to be

Pout _ Ags gl

Pin {gs + gL — gD)2
which can again approach infinity, as can be seen by
making the source and load conductances together
equat the diode conductance.
A 1

R res

—Rd g ——————

Fig. 5.45. Resulwgnt resistance for negative fdiode) and
positive resistances in paraliel,

Drawing a curve for the parallel case, plotting
“resultant” impedance against source impedance, all
other things being equal, leads to the odd-looking curve
in Fig5.45. As the source resistance is increased
towards the value of the diode resistance, the resultant
increases and shoots off towards infinity, That is, any
current that may be flowing through the source is
equally flowing through the resultant, giving rise to a
much higher voltage than would appear across the
source. Increase the source resistance above that of the
diode and the resultant immediately reappears from
negative infinity and drops towards a value equal to
the diode negative resistance. But, and this is
important, the resultant here is always negative, and
the device will oscillate [or switch).

R

o Ay

Fig. 5.46, Equivalent circuit of tunnel diode for a.c.

There are many good explanations of its physical
aperation, but these are by no means necessary for an
understanding of its circuit function. in purely
practical terms, the diode is a negative conductance in
parallel with a small capacitance, with the whole lot in
series with an inductance and some residual resistance
of the more normal kind (see Fig.5.46).

Total impedance across the terminals:

i 1
Zog MY g R e 1)
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Equating real and imaginary parts:

At frequencies we can call ‘Tresistive cut-off’”” and
"self-resonant”’ respectively, these will becorme zero:

g
HE & (wC)¥+g

U S B N -\
SIS (weP+g: ¥ iT2r V e "\c onl

The implication of the two eguations we have
ended with are quite simple. The resistive cut-off
frequency, fr, is the frequency above which the diode
will not amplify because its negative resistance has
been effectively reduced to zero, and the self-resonant
frequency fj, decides the normal maximum frequency
of oscillation, The published characteristics of the
IN2940 diode are:

g = 6.6 mmho

C =5 pF nominal

L = 1TmuH with ieads clipped very short

R = 1.5 ohms,
which gives fr as 2100 MHz, and fj as 1300 MHz. So
there is obviously some u.h.f. possibility in these
devices.

Looking a Ilittle more closely at the two
equations and remembering that L, C and R can be
added externally, if fj is lower than fr, then the device
will want to oscillate. If it is higher, then it will
amplify, so:

1 1 2 1
ey Pt f2Y B3 Ao
2m LC c 2®C Rag

3 |.g < RC

or R & 100 i somnnnnvi (4)

Also for real values of f,

1
E> R...(5

Combining these two results gives :

and any successful amplifier must satisfy these
conditions. Actual gain is determined by matching
source and load conductances to that of the diode.

L R

.
1
FRs
i
A

Fig.

S VY Y,
n
L

5.47 A.c. circuit of serles amplifier.
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Take a practical case: a series amplifier for 145
MHz, see Fig. 65.47. Here the source and load
resistances are cascaded and the total of sources and
load resistance should again approach the value of
diode resistance, The diode with the highest available
value of negative resistance {at the inflection point) is
the 1N2939, and it is 150 ohms. This is only just twice
75 ohms - a usual aerial and receiver impedance value
so, for the sake of argument, we will assume that
impedances of the order of 40 ohms are available
{actually it would not matter, as will be explained
later), and that the shunt capacity across the dicde is 5
pF. Considering the external source and load
impedances as part of the diode residual impedance R,
we can calculate the total permissible value of R from
equation 3a:

(wC) +g¢g
6.6x10°>

(2% 145 x10°x5x10 *%)2 + (6.6 x10 )2

= 103 ohms

impedances external to the diode will account for 80
ohms, the digde for 1.5 ochms, leaving 21.5 ohms to be
supplied in the form of a non-inductive resistor. Now
for the series inductance. Lg/C- must be just less than
R {at all frequencies), and working this ocut gives a
figure of 78 muH, of which up 10 12 muH can be
accounted for in the diode leads.

BIAS

RFC
IN2939

210

=400 =400
SOURCE _ LOAD
(Roc=0) IOO0RF + 25uF (Rpc = 0}
4 )

Fig. 5.48. A practical tunnel diode amplifier circuit for
145 MHz.

So the design is simply 40 ohms source and load,
21.5 ohms series resistance and 0.078 UH series
inductance. If the source and load also happen to have
a d.c. resistance of 40 ohms each, biassing conditions
will have been met, or the diode can be supplied as
shown. This kind of amplifier can give a steady 30dB
gain at 145 MHz with no trouble at all, which can be
increased to over 40dB at the expense of bandwidth
by increasing L. towards its limit of 78 muH.

It may, of course, be said that the aserial and
receiver impedances are not known accurately enough.
This really does not matter much; a commercially
built serial will usually be near its design impedancs,
and providing it is matched to its cable, one can
assume that the impedance at the bottom end is what
one thinks it is. In this design thera is a total of 103
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ohms to use so if the aerial is of 75 ohms impedance,
28 ohms would have to be found elsewhere in the
receiver. It would be just a matter of tapping down on
the receiver input coil until a suitable point was found.
The only possible cause of trouble would be if the
impedances were substantially higher at some other
frequency, which could cause oscillation,

Now a parallel amplifier. At u.h.f. the parailel
amplifier is by far the easier to manipulate {the series
amplifier becomes rather awkward as will be seen if
figures for a higher frequency are tried in the
equations above}, and is conveniently in the form of a
loaded quarter-wave coaxial line. Several designs have
been published, most of which are impractical as far as
the amateur is concerned. One beautiful design uses
two diodes across a strip-line coupled hybrid to give a
gain of up to 10dB - with a noise factor of 1.9dB over
a bandwidth of from 270 to 625 MHz but the simpie
unit to be described is made with no more tools than a
fine hacksaw, a drill, some taps and dies, a precision
file and a screwdriver, costing not more than 10s,
excluding the diode.

Designing A Typical Amplifier

The centre frequency of this unit is 1o be 4356
MHz {a wavelength of 68.98cm). Tunnel diodes
usually have a capacitance of around 5 to 10 pF, and
this varies between samples, so for a parailel amplifier
of reasonable length, a low impedance trough line
wolld zppear the best. Using commercially available
% "equal brass channel of 16 sw.g., witha %" lid
and a 4' diameter centre rod, the line impedance is
getting on for 60 ohms. With a line length of 5 cm, the
Z2,C product is 800, so about 13 pF will be needed to
tune to resonance. This gives a choice of diodes. The
IN2939 and IN2940 have a design capacity of about b
pF; the IN2969A has about 8 pF. All three have the
necessary frequency capabilities. However, the
conductance of the first two is 6.6 mmhos (150
ohms), which might be difficult to match, while the
IN2969A is 16 mmho (63 ohms) which is more
suitable since the source and load conductances are in
parailel.

The IN2969A diode will want to see an
admittance of 16 mmhos at its end of the line. This
will be made up of two parts: that of the aerial and
that of the receiver, both transformed by their
respective positions on the line. From consideration of
noise, the receiver output should be “undermatched,”
80 its tapping point will be further down the line than
the aerial point. We shall allow a bit over 5 mmhos for
the receiver and 10 mmhos for the aerial as seen at the
diode. tf each has an actual conductance of 13.3
mmhos {76 ohms impedance) it is now easy to
calculate where the tapping points should be. The line
admittance at any point is directly proporiional to the
cotangent of the phase angle at that point (this means
that the line impedance follows a tangent curve}, but
for a length of line so short in relation to a quarter
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Fig. 5.49. (a) Details of the 4" diam. centre line. {(b) A
TO-18 tunnel diode base. Pins 1 and 2 are the positive
electrode, connected together internally. Cut these
leads to 4 and clip both to the feed-through
capacitor. Pin 3, the negative electrode is connected
internally fto the housing and the lead should be
clipped short.
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Fig.5.50. {a) The tuning capacitor side plate, formed
from %" x "' brass strip. The rotor shaft spring clip
is 1" of 22 5.w.g. piano wire shaped ta a ‘U’ form, and
bent at one end to fit in the:l, diam hole C. The
other end clips under one of the 8BA screws; either
top or bottom left (b) The capacitor rotor assembly.

wavelength, the change can be taken as approximately

5 -
13.3 *x Bem =1,9¢m.
and the aerial at % Bem = 3.8cm.

That completes the theory. We now have a 60
ochms trough line made of %' square channsl and %"
rod centre conductor, tapped at 1.2 and 3.8cm from
the shorted end, and with a IN2969A diode doing all
the work,

linear. The receiver point will be at



Constructional Details

The materials required consist of 3" of square
section 16 s.w.g. %" brass channel, lengths of %' x
%' and %7 x i brass strip, 3 of %''brass rod,
and a few inches of %" brass rod. Also needed are a 2
BA brass washer and a 1000 pF feed-through
condenser, pilus, of course, screws etc. Drilling details
are given in the diagrams. To tap 8 BA threads, use a
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Fig.5.51. {a) The tunnel diode amplifier line main
body, cut from %" x 1" equal sided brass channel,
(b) Centre Hne end support plate which should be
brazed into position in rrough. The dimensions and
driliing for the capacitor (feed-through ) plate are the
sSame, with the excepition that the centre hole is%."”
diam. drilled right through. The 1000 pF feed-through
capacitor, preferably the type having a siot in one end
to accept the diode leads, is soldered inte the hole.
This end plate must not be soldered into the trotgh.
fc} Cover.
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number 51 drill, for 7 BA a number 48, for 6 BA a
number 44 and for the'4.” x 60 t..i. model engineer’s
tap, an A" drill. A number 44 drill can be used for a
hole to clear 8 BA.

The centre rod is cut to 5.2¢m and will be
recessed in its end plate by 1Tmm. To make the socket
for the diode at the end of the rod, first drill with a
number 44 for a short distance, making certain that it
is dead centre. Then re-drill with a 3" drill to a
depth of 4’ then make three cross-cut siots with a
saw and clean up the edges.

The tuning condenser is a little more difficult.
Cut a %" square section from the strip and after
marking out the centre, drill a % "hole and tap with
the 4" x 60 tp.i. taper tap. The four mounting
holes are drilled as shown. Drill also a 4" hole a
little to one side of the central threaded hole to take
the locking clip, made of 22 s.w.g. piano wire. Now
tap an inch section of the 3, rod with the 60 t.p.i.
die, saw off the end, clean up with a3 fine file and
carefully make a cross-cut for screwdriver adjustment.
Tap the 2 BA washer with the 60 tp.i. tap, fit on,
braze (do not use too much solder) and file flat. With
a little care it is quite possible to get a good-as-perfect
right-angled fit, which is very necessary. The stator is
made ofa %" flat square of 16 s.w.g, brass brazed on
to the end of the centre rod - be careful that its plane
is exactly at right angles 1o that of the two 7 BA holes
further down the line.

When all the parts are ready and clean, fit them
together and braze the centre rod assembly and
channel, but not with the sockets in position. All the
other parts screw on. Finish off with a fine file and fit
on the sockets and tuning condenser assermbly. Having
soldered in the feed-through condenser on the end
plate fit the tunnel diode into its socket on the rod,
clip lead 3 very short, then leads 1 and 2 to about '~
pinch together and fit into bypass condenser and
screw everything together,

Power Supply

Tunnel diodes work at very low voltages, and
also, as they are majarity current devices, the junction
cross-sectional area is very very small {about 0.0001"
diameter). They will not stand any overload.

An absolute maximum of 10mA, which
represents about 4mW, is quoted for the IN2969A, and
this reslly is an absolute maximum to keep the diode
intact. Actually, however, with the voltages in use,
there is not much danger of passing too much current
unless the polarity is accidentally reversed. A supply is
therefore needed to give up to 350mV, and it should
be apparent from our equations that the diode bias
supply must also be of equal or lower impedance than
the diode, which is 63 ohms in this case. If it is not,
the diode will simply switch itself permanently {or,
bi-stably, depending on circuit inductance) into a high
or low voltage state (points C or A in Fig. 5.41). Ta
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Fig.5.52. (a} A simple battery operated bias supply.
(b} An a.c. fed bias supply wsing a forward biased
diode to stabilize the volitage. (c) A series regulated
transistor supply which was used in the prototype
amplifier TRI may be any n-p-n transistor having a
reasonable gain. A 25 uF electrolytic capacitor must
be connected across the output close to the 1000 pF
Jeed-through capaciior, see Fig.5.51.

get stable operation at point B, the bias supply load
line must cross the curve at one point only; in other
words, be of lower impedance than the diode. 1t may
also be noticed that stray inductance, even when by-
passed by 1000 pF (remember L<<Rg/C), could ptove
troublesome. For this reason use a 25uF decoupling
electrolytic immediately across the 1000 pF bypass.
The bias supply can be obtained in many ways: from
batteries or other voltage sources via Zener diodes,
from forward biased junction diodes or even series
regulating n-p-n- transistors. The last method has the
slight advantages of lowar current drain from the
battery and a higher value variable resistor for control
- low resistance carbon track potentiometers are rather
difficult 1o obtain. Against this must be set increased
cost and complaxity. Still, providing that, in this case,
the tunnel diode sees a source of no more than 60
ohrrs, atl will be well as far as biasing is concerned.
Drain is very low, at the optimum setting the diode
will use only about 1mA and maybe the bias supply
can afford to lose a few more to get the required low
impedance.

Alignment

Alignment is simple, using a sensitive voltmeter
to measure the voltage across the diode, increase this
to about 200mV. Plug in aerial and receiver and search
for a medium strength signal. Tune up the amplifier
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whilst gradually reducing the bias. The signal will
increase considerably in strength without, in most
cases, more increase in background noise. In all
probability the unit will oscillate before 130mV (the
point of maximum conductance) is reached; this only
means that aerial and receiver impedances are not
quite what they were thought to be. This does not
matter since fairly high gain wilt be available before
this occurs as the diode, on some part of its
characteristic, can match anything provided it is of
lower conductance than the diode maximum. It will
thus oscillate when it over-matches. If the gain goes
through a maximum and then drops off, the aerial and
recaiver impedances are less than 75 ohms. However,
even with 50 ohms source and load, the maximum
available gain would still be of the order of 13dB.

Noise, Gain and Other Points

The tunnel diode negative resistance shows shot
noise as does any resistance, but the noise temperature
is of the order of 300 deg.K only, which is much
better than either a valve or a transistor, though not as
good as a parametric amplifier or a maser. The noise is
also frequency dependent to the extent that as one
approaches the cut-off frequency, the noise figure gets
worse. However, even at a frequency of 1/\/2 of fr, the
noise figure is still only 6dB. At medium frequencies
(in the 400 MHz range), a noise figure between 3 and
4dB can quite easily be obtained.

For the particular circuit configuration shown,
the calculated gain bandwidth product is around 300 x
106 hertz and this appears to agree quite well with
results obtained In its use as does the calculated noise
figure mentioned above. One can literally choose the
value of gain to suit one’s own convenience, the limit
being set by what bandwidth is required and the
difficulty in hoiding it stable with very high values.
30dB is possibly an effective hmit.

As mentioned before, tunnel diodes do not like
being overloaded in any way. Up to a point they have
a built-in a.g.c. action {this follows from Fig. 5.41),
and this non-linearity can produce some most curious
spurious responses from out of band local TV
transmitters, but it will not cope with a transmitter
feeding it with a few watts: both input and output
sides must be weil shielded from stroeng r.f. fields, and
it is a good idea to place a 756 chm dummy load across
the input when the aerial is removed. Be careful |

Other than this they are very useful and reliable
little devices which work with the minimum of fuss
provided a few simple precautions are observed [i.e.
series inductance and bias impedance, stray r.f. etc). It
is quite possible to extend the operation of a parallel
amplifier to 1280 MHz with an S-band diode, where
its noise figure would still make it worthwhile. Their
main disadvantage that they cannot readily be
cascaded, is of no consequence to the amateur.
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MULTIBAND PARAMETRIC
AMPLIFIER

Even though trangistors, and especially FETS,
can claim remarkably low noiss factors at uwh.if. the
paramatric armplifier can still hold ji= own in the fece
of this competition. The improverment is becoming
marginal, and equilibrium has been atwained sy 144
MHz, but the better u.h.i. neoite Fsetor i still worth
having, notsbly to thoss perfactionists who will not
rest until they have developed their egquipment to the
ultimate.

Circuit

Ag in a superhet receiver, a parametric amplifier
relies an g8 farm af frequeney cehanging for e
operation, When chenging frequency in the normal
way, one can either use 8 tunabie osciiletor and a fixed
i.f. or a fixed oselliztor and varishle | 1. In parametrie
practice, the oscillator js termed the pump oscillator
ar pump source, and the sum or difference frequency
produced by mixing this pump freguency with the
signal frequency is known as the idier frequency.
Generally the highar tha pump oscillator frequency,
tha lower will ba tha noiss cutput, A figure of six 1w
seven times the signel frequency is suggestad as 8
minimum, and therefore if cperation from 144 1o
1300 MHz s required, the pump renge will have to
extend From 884 to FAOO MHz., This could he
maodifizd a livzle if 144 MHz fazilities are dispensed
with, a8 transistors can offer the same performance at
this frequency. Altermatively, o fixed pump frequency
of say 7800 MHz could be used, implwimg a varying
idler within the range 7844 ta G100 Mz In practiee,
a 10 GHz klystron would be used for convenience,
producing either 10,144 to 11,300 MHz or 88566 to
B7K] MHz depending om whather ihe sum or
diffaromee is ehosen,

it should, of course, be aporeciated that a
haif-weve signal circuit will be raquired for esch band;
thisd a0 Most conveniently designed to be detachabile
from the waveguidea.

Fig. 5. 31A. Phoro of @ parameTric anplifler.

Components

The axpanside parts of a parameétric amplifier ara
the Varactor diode and awwenuator, a Microwave
Assoclates M&450 and Ferranti 2C20C. Construction
of the attenuator, Fig.5.54, iz from stiff card spaked in
collvidal graphite which after being dried is doped
with clear cellulose and mounted on the shaft by
cementing betwaeen two shaft couplers.

The kilystron powar supply chassis i3 a standard
12" w B" x 2% with sides to prevent stray droughts
affacring kiystron stability, The wavequide is mountad
salidly on ts tha powar unit chessis 52 no moverment is
parmissable, The kiystron mount was ramoved from a
surplus radar marker unit but an sternative can be
made by drilling out pin 4 of an intarnationsl octel
vale-holder o eloar the kiystron probe, and bending a
suitable mount from %" shest metal. The metal probe
of the kiystron should be insulated with p.v.c. slesving
and the probe mounted with the metal parallel 1o the
inside of the wavegu ida.
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Fig. 5 534 The anteraior and Klystran mount ad one
end of the power supply chasis,

Fig. 555 An end view of the idler components. The
vargcior fip can be seen provuding through a hole in
the wovegide wall.

Fig. 5. 56. The imderside of the power unit. In the
righi-hand comparimeni twa GJSMg are moinied on
the fserlated sheaf heat shunds, the remaining o
digdes being bolted dirtct 1o the charsa

Machining the weaveguide will posiibly be the
most difficult operation. However, by cerefully
grinding & hacksaw blade 104" width and mounting
the saw on a woodworker's guids the appropriaté euis
can be made. Carefully remove burrs Trom the inside
ef the waveguide and taper file ihe edge of the ouiside
so that solder can run and make a sound joint with the
brass inserts which are cut and shaped from 4" brass
shest.
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The signal circuit, Flg. 557, presents no
particular problems, but it should be noted thet the
ling carries the diode biss and is not in direct contact
with the trough. The contact for the diode Gip iz made
by remowving the centre from a Belling-Lee coax
socket. The wewveguide is posiiioned and firmly
clamped w the top of the appropriate signal tank,
whare again no mechanical movemant is permissible.

Tuning Up

After checking the power unit wiring, Fig.5.58,
gwiteh on, allew a 5 minutes warm-up period and
adjust the h.t. to 300 V. Allow a further ¥ hour and
recheck the h.t. Insert @ IM27 or similar diode into
diode socket and connect a v.tv.m. (10 V d.c. or less|
to the bias line ofter removing the connectof.
Withdraw the sttenustor from the waveguide. Adjust
the pump cavity tuming, klystron external furing and
repeller voltage for maximum reading. Depending on
the diode this can be up to 7 volts, but the velue is not
important, Replace the diode with the Yaractor and
repest the tuning proecedure, noting thai the pump
cavity will need retuning and the voltage output will
be wery low, usually less than 1 volt. Inssrt the piston
fully into the cavity and slowly withdraw §i, when ai
soma point the diods voltsge shauld show an increase,
indicating oscillation at or near signal frequency. Mow
ls the time to connect a converter, receiver and serial.
It iz sdvizable 10 use 8 6dB pad betwean the amplifier
and conwverter. A wvery rough note should be heard; if
not, continue unscrewing the piston until this note =&
heard, Mext, incroase the amount of sttenustion uniil
this oscillation stops. Connect the bias line and tune in
8 signal, or connect a signal gensrator, and adjust the
trough for resonence. Decresse attenuation undil
oscillaiion almost storts, and adjust the idlar until it
does; then increase the attenuation sufficiently to stop
the oscillation (thus reducing pump power), retune tha
idler and roadjust the traugh Tuming. A gystematic
tuning procedure should be carried out always with
the aim of reducing pump power. Having resonated
the trough, the diode bigs can be increased, while
watching the "5 meter, retuning the trough and
reducing puimp power. 1 whean the bias reaches O V
ihe gain is still rising, reverse the dicde (if possible) or
battery and carry on with the tuning procedurs, not
forgatting the input and output loops, repeller voltage
and pump cavity adjustments. When the amplifier s
producing just balow 30dB gain [five 5 units) it will be
found that all further adjustment providss no morse
gain, as this is the practical limit and any attempt to
producé mang gain will resull in instability. Normally,
if the amplifier is operated st between 20 and 256d8
gain level, adjustment holds for weeks on end, and
retuning is only required for mowes of more than 260
kH=z. Contrary to popular balief, this takes no longer
thar 5 seconds, adjustments being confined to trough
and idler,
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Varactor Diodes

Initially a ZC20C was used and this performed
well at 570 MHz, producing pictures over the 140 mile
path from Londen (BBC-2). At this frequency it had a
measured gain of over 256dE, but at 432 MHz however,
no gain could be obtained from this device, although
we know of at least one ZC20C that performs
admirably on 70cm. Conseguently, an MA 450 was
obtained, and this is currently providing over 25dB of
stable gain on 432 MHz, although very little gain can
be obtained at over 500 MHz. This does not prove
conclusively that the ZC20C is poor at higher
frequencies but only that the technigues employed by
the author would not produce the desired results.
Therefore, if possible, a selection of Varactors is
highly desirable to obtain the best results.

70 MHz CONVERTER WITH
NEUTRALISED R.F. STAGE

This converter has a high performance and can be
relied upon to provide as low noise result as can
usefully be used in most urban areas.

The r.f. stage is a capacity neutralised 6CW4,
inductively coupled to the 1ZAT7 mixer and with the
local oscillator also inductively coupled to the mixer.
For this converter, an 8575 kHz FT 243 crystal is
used, the oscillator anode circuit being tuned to the
fourth harmonic of the crystal frequency. The output
of this stage is capacity coupled to the grid of the
EF91 double stage, the anode of which is tuned to a
frequency of 68.6 MHz, thus producing an i.f, of 1.5 -
2.1 MHz.

The circuit is shown in Fig.5.59 and mechanical
detsils in Fig.5.60A. These diagrams are
self-explanatory and little more need be said. Cail

.details are given in the table.

L1, 8 turns 18 sw.g. enamel wound on 74, in.
mandrel, length 1 in. tapped 3 turns from earth
end, air spaced.

13 turns 18 s.wg. enamsl wound on % in.
mandrel, length 1% in., tapped 5% turns from
CN, air spaced.

3% turns 18 s.w.g. enamel wound on 74, in.
mandrel, length % in., air spaced.

2 turns 18 s.w.g. enamel wound on % in.
mandrel and placed between L2 and L3.

Note: L2, 1 2 and L4 are alf on the same axis.
Maxi-Q i.f. transformer type IFT, type IFT
11/1.6. Both windings in series and capacitors
removed.

2 turns 22 s.w.g. p.v.c. covered tinned copper
wire wound at h.t. end of L7.

10 turns 26 s.w.g. enamel wound on a % in. by
1 in. former, slug tuned (Aladdin type with
can).

L2,

L3,

L4,

L5,

LG,

L7,
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L8, 10 turns 26 s.w.g. enamel wound on a % in.
by 1lin. former slug tuned {Aladdin type
with can}.

RFC1, 2.5 mH r.f. choke.

RFC2, b5Hlin. 18 sw.g. enamel wound on Xin.
mandrel, close spaced.

RFC3, 1 mH r.f. choke.

To align the converter, disconnect the h.t. supply
from V1, remove the cans from L7 and L8 and first
adjust L8 for maximum indication on the r.f. checking
meter {Fig. 5.60). Then adjust L7 in a similar manner.

2 TURNS
16 SWG

Y2"oia

OAsl
OR
EQUIVALENT

0-500pA

Fig. 5.60. An r.f. checking device.

The tuning range of each coil is such that only the
required harmonic should be selected but it is wise to
check the actual frequencies with an absorption
wavemeter or g.d.o. if one is available. The cans should
then be replaced on L7 and L8, and the two cores
readjusted for maximum r.f. output from the coupling
tink L4. The output should then be connected to the
communications receiver, tuned to 1.8 MHz L5 wili be
approximately correct. Adjust C3 for maximum hiss;
two positions will be found, the one with the smaller
capacity being the correct one, A strong signal is then
required {from 3 jocal transmitter or signal generator)
fed to the aerial socket. Adjust C1 and C2 fallowed by
C3 and L5 for maximum output then adjust Cn, the
neutralizing capacitor, with an insulated screwdriver,
for minimum output. (In practice this is usually found
to be near the minimum capacity of Cn) H.t. may then
be reconnected 1o V1 and initial adjustments are
complete. If there is a tendency for osciillation, Cn is
incorrectly adjusted; the minimum pasition referred to
is very sharp and to a certain extent adjustment is
inter-dependent with C2 and C1. No difficulty should
be experienced, however, in obtaining the correct
adjustment. For final adjustments a noise generator is
desirable but if this is not available, C1,C2,C3 and LS
{also L7 and L8) should be adjusted for maximum
output on a local signat. The capacity of C1 should
then be increased slightly so that the tuned circuit is
detuned towards 70 MHz and the output just drops.
This is near to the optimum position for the best
signal-to-noise ratio. In practice a noise factor of
better than 2.5dB should be obtained.
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VHF-UHF MANUAL

144 MHz CONVERTER WITH
NEUTRALISED R.F. STAGE

In this converter, the circuit follows the same
general arrangement used for the 70 MHz converter
already described. The local oscillater, in this case is
followed by two multiplier stages to reach the
required frequency. For the 144 MHz converter, a
7100 kHz FT243 crystal is used but the oscillator
anode circuit is tuned to the fifth harmonic of the
crystal. The subsequent 12AT7 double triode is
connected in cascade and doubling in each half
produces a final frequency of 142 MHz which results
in an i.f. of 2-4 MH=z.

The alignment of this converter is similar to that
already given for the 70 MHz converter, except that
the communications receiver is set to 3 MHz
corresponding to a signal frequency of 145 MHz. {If
GB3VHF on 144.5 MHz is used as an alignment signal,
the receiver should be set to 2.5 MHz). First, power is
applied and h.t. disconnected from V1. The can is
removed from L9 and the slug is adjusted for
maximum r.f. indication followed by C5, r.i.
indication being observed at L8 and L7 respectively
and then C4. Again, the tuning range of each tuned
circuit is such that only the required harmonic should
be selected but it is wise to check the actual
frequencies with an absorption wavemeter or g.d.o. if
avallable. L5 which is very flat in its tuning, shouid be
centred on 3 MHz, C1,C2 and C3 are then adjusted for
maximum output on a strong local signal. Cn is
adjusted for minimum output with an insulated
screwdriver, the correct seiting being very critical. H.t,
should be restored to V1 and the c¢onverter is then
ready for use, Final adjustment should again, if
possible, be carried out with a noise generator. The
aim should be to obtain a noise factor of better than
3dB.

Li, 4 turns 18 s.w.g. enamel wound on ¥ in.
mandrel, length 7% in., tapped 1% turns
from earthy end, air spaced.

L2, 8 turns 16 s.w.g. enamel wound on %4 in.
mandrel, length 1 in., tapped 3% turns from
CN, air spaced.

L3, 4 turns 16 s.w.g. enamel wound on %, in.
mandrel, length 3 in., air spaced.

L4, 1 turn 16 s.w.g. enamel wound on s in.
mandrel, inter-wound at earthy end of L3,
air spaced.

L5, 32 s.w.g. enamel wire wound on a % in. by

2% in. former (Aladdin type with can), 2
layers 1% in. tong and 1 layer % in. fong,
winding from bottom of coil former up for
1% in. and back to bottom, then up for % in.
Tissue paper inter-leaving is used and the
winding secured with polystyrene cement.
Tuning by two siugs.
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L6, as for L4 but mounted adjacent to the h.t.
end of L7, air spaced.
L7, 3% turns 16 s.w.g. enamel wound on 7. in,
mandrel, length % in., air spaced.
L8, 7 turns 16 s.w.g. enamel wound on 4. in.

mandrel, length 1 in., air spaced.

L9, 10 turns 26 s.w.g. enamel wound on a % in.
by 1 in. former siug tuned (Aladdin type
with can).

RFC1, 2.5 mH r.f. choke.

RFC2, 26 in. 18 s.w.g. enamel close wound on % in.
mandrel, self-supporting, air spaced.

RFC3, 1 mH r.f. choke.

NUVISTOR CONVERTER FOR
70 MHz

The r.f. stage employs a 6CW4 Nuvistor in a
conventional inductively neutralized configuration
which arrangement, when correctly neutralized,
accounts for the excellent noise factor of the
converter. The anode circuit of this valve forms one of
the in-line circuits that may be seen from the
arrangement of L3, L4 and L5 on the drawing in
Fig.5.63B.

The mixer employs a 7b87 Nuvistor in a
straightforward arrangement, a small fixed bias being
developed across the cathode resistor, The crystal
controlled injection oscillator uses a 75686 Nuvistor in
a somewhat unusual circuit configuration, Feedback
to sustain oscillation is provided by a circuit tuned to
the fundamental frequency fitted in the cathode
circuit of the valve. QOscillation is independent of the
anode circuit tuning thus the arrangement displays a
high order of stability. The crystal is 20.09 MHz and
produces an i.f. in the range 9.65 - 10.325 MHz for the
band 70.7 - 70.025 MHz.

Construction

The converter can be built into 3 3% x 4%"
diecast box. The actual chassis employs a perforated
chassis plate cut down to a size which fits inside the
lid of the diecast box. In the final assembly, this
chassis is mounted to the lid by 6BA bolts and
stand-off pillars. This form of sandwich construction
results in afl the h.t. and [.t. wiring being contained
within a screened area, and allows this wiring to be run
to the required point by the shortest possible route
without it passing through any of the signal circuit
compartments. Supplies to the various compartments
are taken through p.f.t.e. feedthroughs pushed
through the nearest convenient hole in the chassis

late.
- Each of the circuits emplioyed in the converter,
that is the r.f. stage, mixer stage, and local oscitlator,
are contained within screened compartments
constructed from 0,025 sheet copper. The screens are
bolted to the chassis plate and then soldered together.
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Fig, 5.634. Circuit of the Nuvistor converter, Cl, 2, 3 and 4 are 2—20 pF varigble capacitors, and ail 0.001 and
0.003 uF capacitors are disc ceramics. Resivtors are 3% watt rating except where indicated. L1, 8 turns, tapped at

214 turns from earthy end, 22 s, w.g., spaced wire diam.,

15" diam. former, 14 leads; L2, 27 turns, 28 s. w.g., close
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As the setting up of the converter is carried out
with it fully screened inside its box, holes have to be
drilled to enable C1,C2,C3,C4,L2,L6 and L8 to be
adjusted from outside.

With regard to the nautralizing of the r.f. stage, it
should be noted that the neutralizing coil is situated in
the mixer compartment, and that it is positioned at
right angles to the other coils.

To a large extent, the performance of the
converter depends on the mixer circuits. As will be
seen from the illustration, the r.f. anode, mixer grid,
and oscillator anode coils are all wound in the same
sense. It is eszential that they are connected as shown.
The spacing between the coils is as follows: r.f. anode
to mixer grid %", mixer grid tc oscillator anode % —
%', These spacings should not be treated as absolute,
but are a starting figure prior to the adjustments
described under the heading Setting-up. Tha coils may
be constructed as self-supporting, but the use of a 14"
diameter paxolin tube 3% long inserted into the coils
during the setting up is a help in ensuring that they are
all on the 'same axis.

Setting Up and Alignment

The simplest method of adjustment is to align the
circuits approximately to the corract frequency by the



use of a g.d.o. Care should be taken to ensure that the
gd.o. is only coupled to the circuit being adjusted,
and all valves in pasition so that their stray capacities
are taken into account, with all tuning capacitors set
for maximum, initially.

With the converter out of its case, tuns the
cathode of the oscillator circuit by adjustment of the
core of L8 to either the crystal frequency, or if an
overtone crystal is being employed, to the desired
overtone, and then tune the oscillator anode circuit by
means of C4 to the final injection frequency.

Tune the r.f. grid circuit, C1, the r.f. anode
circuit, C2, and the mixer grid, C3 to 70 MHz,
Unsolder one end of the 10K ohms damping resistor
across the tuned circuit in the anode of the mixer, and
resonate this circuit to the centre of the i.f. passband.
Reconnect the 10K ohms resistor. Sat the core of the
neutralising coil, L2, half way into the winding.

Place a short across LB. Connect a high resistance
volt-meter 20,000 ohms/volt or better, across the 27K
ohms resistor in the h.t. supply 1o the oscillator anode.
Connect the power supplies. Tune the core of L8
while watching the voltmater. 1t will be found that the
voltage will fall showly to 2 minimum, and then rise
rapidly to a maximum. Set the core of L8 so that the
voltage is some 20 per cent above the minimum

CORRECT VOLTAGES AT INDICATED TEST POINTS ...
A ... 45%—=50 ¥YOLTS E. ... 140 — |45 V¥OLTS
B 75 - BO VOLTS E e 140 — 145 VOLTS
€ ... 13035 VOLTS [ eiaee =95 — | VOLT
B: s 25 =30 VOLTS L, B O35 e | VOLT
vl
A2521
AERIAL 22CpF 2 I44M:i.23 200pF
i —i}
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voltage on the ‘slow’ tuning side of the core.
Disconnect the power, remove the short from L5, seal
L8 and fit the converter into its box,

Final neutralisation of the r.f. amplifier is best
accomplished on a very strong signal. Care has to be
taken to ensure that all the signal to the converter is
indeed coming from the aerial, and that none of it is
being picked up by the converter itself. For this
reason, a g.d.0. is not suitable for this operation.

After having found, or arranged, such a strong
signal, and tuned it in, the h.t. should be disconnected
from the r.f. stage of the converter, Now adjust the
core of L2 to the point where this signal is at its
minimum. This adjustment is not very critical, but is
essential for optimum performance.

Once the above adjustments have been
completed, the r.f. and mixer stages can be peaked up
on an identified weak 4m signal. in these adjustments,
C1 is tuned for maximum output, and the spacing
between L3 and L4 varied to give best signal-to-noise
ratio. With the adjustments to L3 and L4, if the
spacing is made too great, the circuits will become
guite sharply tuned, and the gain will drop. Naturaity
when L3/L4 are adjusted, C3 and C4 will require
peaking, but the object is to still retain the broad
character of the resonant point.

L2
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Fig.5.63. Circuit of converter with two grounded grid r.f. amplifiers. CT, 2—20 pF concentric trimmers; R1, 2,
selected to pass 15mA; RFCI, 19", 26 s.w.g. wire on %" former; RFC2, 79 20 5w.g. p.v.c. wire on %'’ former;

V1, 2, A2521; V3, ECC88; V4, ECC8S5; Crystal 10 MHz.
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A CONVERTER WITH TWO
GROUNDED GRID R.F. AMPLIFIERS
FOR 144 MHz

in a grounded grid amplifier, although the noise
performance and gein are satisfactory, there are some
circumstances where the selectivity provided by one
amplifier is inadequate, and therefore two stages ars
necessary to achieve a desirable level.

The gain with two grounded grid stages will be
greater than with two similar valves connected in the
cascode arrangement, the signal to noise ratio will be
no worse, and in addition the likelihood of cross
modulation in the r.f. stages will be reduced.

The circuit of this converter is shown in Fig, 5.63
and the coil details given in the table below.

Coil Turns Wire Spacing 1.0,

LT 4 18¢ wiredia. 4. adjust tap for opti-
mum noise factor.

L2 4% 18e wiredia. %

L3 4 18e wiredia. . spaced L/i6 to 1/8"

14 4% 18e wiredia, 4 apart.

15 4 18e wiredia. Y.

L6 b5 18e wiredia. 7,

L7 19 18e cls.snd. % Neosid F804 with

dusi core.

% to Y in. from
earthy end of L5
wound over last turn
of L6
cls.wnd 7.5 Neosid former with

mm core and can.

L8 3 20pvc cls.wnd A
19 2 20pvc cls.wnd %

L10 30 26e

As an aid to fault tracing various test points are
marked on the circuit diagram, and the correct

CHAPTER S5
voltages to be found at these points are given below:
A 45 - B0 volts E 140 - 145 volts
B 75 - B0 voits F 140 - 145 volts
c 130 - 135 volts G 0.95- 1volt
m} 25 - 30 volts G 0.25- 1volt

Readings should be taken with a very high resistance
voltmeter, or preferably a valve voltmeter.

it is, of course, important that the aerial is
properly matched to achieve the best noise factor and
this should be carried out preferably using a noise
generator. If the succeeding stages are properly tuned,
freedom from breakthrough can be expected,

In this converter the mixer/cathode follower uses
a high slope low noise, double triode which can be
more easily driven from a small local oscillator signal,
so that the noise which is contributed by the local
oscillator/multiplier is kept to a minimum.

Construction

The construction of this converter is detailed in
the component layout drawings whilst the interstage

YU* CHAMMEL AND INTERSTAGE SCREEMS--
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Fig. 5.64. Detail
arrangerment.
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Fig. 5.6 5. Top view of chassis plate, showing layout.

5.38



RECEIVERS

vl
RFCH gg0
( 5
220pF
{n Q A
PN--.: ¥
u :\\\ R, 2‘/%‘
LA, s
l:'r
RES X j
® V. - 1
\F: A .rnll-\.___\ ;I!m-—-"\ '
: - INSIDE
RFC2
o i
!UNDERSIDE VIEW.
22pF
L ) CRYSTAL
" SOCKET

Fig. 5.66. Underside view of chassis, illustrating layour and major wiring.

screening is shown in Fig. 5.64, As can be seen, the
mechanical arrangement has been designed so that the
power suppiies are isolated from the r.f. circuits, and
the input circuits of each r.f. ampiifier are screened
from one another. The local oscillator crystal is shown
as 10 MHz. it can, of course, be 30 MHz or any other
frequency to suit a different i.f. as required, aithough
for freedom from breakthrough from strong low
frequency signals the specified i.f. of 24-26 MHz is
recommended. |f a different i.f. is used then the
inductor L10 will have to be altered to suit the new
frequency chosen.

Ailthough A2b621/6CR4 valves are used in this
design there is no reason why other types, such as
ECB88, 6AM4, EC3010 which are intended for
arounded grid (multiple grid connections) use should
not be used. The noise factor will, of course, depend
on the actual valve type employed.

With a change of valve the layout may have to be
changed also, as, for example, if ECBB wvalves are
chosen then the whole unit would have to be reversed
{a mirror image) to preserve the short leads and proper
component layout.

30-50¢ Rl 120~ 150V
ZRe
S 22K
ol ] L4
22pF
] l?‘
7 T
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S47K
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Fig.5.07. Circuit of simple 432 MHz converter. C1, 4, 5, 6, 10, 11, 12, 13 are midget mica, C2, 3, 7 ceramicons.
C8, 9 Philips trimmers 3—8 pF CR1, silicon diode, L1, 22 tums 22 s.w.g. close wound tapped at 4 turns, L2, 6
turns 20 s.w.g. close wound. L3, 2 turns 20 s.w.g. close wound. L4, L5, see Fig.5.68. L6, 22 turns 32 s.w.g. close
wound, centre tapped. L7, 37 turns, 32 s.w.g. close wound. L8, 4 turns 32 s.w.g. wound at earthy end of L7, Al
Jormers are %" dia. Aladdin, with h_f cores. Crystal is 35 MHz overtone.
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VHF-UHF MANUAL
70cm CONVERTER

This simple and easily constructed converter will
give a performance which will enable the newcomer to
get the feel of the band. It is constructed largely of the
type of component ususlly available for the h.f. bands.
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Fig, 5.68. Dimensions of strip lne. L4 and LJ
mounted 3!’ from chassis.

The valves used are freely available at low cost,
the only uw.h.f, components are in the siab type
inductors used for L4 and L5. These are illustrated in
the drawing in Fig. 5.68. The diode {CR1) should bea
low noise sificon type such as the CV102, CV103 or
equivalent, Although the crystal oscitlator and
multiplier stages are given as 6J6 valves, any of the
double triodes such as the 12AT7 and ECC85 may be
substituted but some minor adjustment to the various
inductors may be necessary, notably L3 and tapping
point on L4. The crystal oscillator chain for an i.f. of
12-14 MHz (L7) may be based on a crystal frequency
of either 7.777 or 35 MHz,

VY OHT+
000pF s H
; L 25pF
: TO SECOND
——> TRICDE
Y2 12A77 M- oo T RID
2 ._II
|°PF% 3
7777 347k RFC
MHz 1 «7pF
TzvonEE Tlnooow
[ !

Fig.5.60. An alternative crystal oscillator using the
Colpitts circuit.

Alternative crystal oscillator circuits may be used
by those who prefer the Colpitts or Butler oscillators,
to that of the Squier shown in the diagram of
Fig.5.67.
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In the case of the Colpitts circuit, Fig. 5.69 using
a 7.777 MHz crystal, two 12AT7 valves would be
needed. The anode circuit of the first triode would be
tuned to 23 MHz {actually 23.331 MHz), that of the
second to three times this frequency which would be
almost 70 MHz. The two fellowing anode circuits
would then be tuned to 140 MHz and 420 MHz
respectively.

12AT7 L
]
ASMHz R
L 143
32700 27003
L -

adf=s

Fig.570. A further alternative oscillator using the
Butler circuit and a 35 MHz crystal.

A Butler oscillator circuit using a 35 MHz crystal
has a considerable advantage over the others because it
is easier to avoid tuning the multiplier stages to the
wrong frequency. Two 12AT7 valves are used in the
circuit, the first section of which is shown in Fig.5.70.
In this case the anode circuit of the first stage is tunsd
to the crystal frequency, while that of the second is
tuned to 70 MHz. The succeeding stages, like those
fottowing the Colpitts oscillator, are tuned to 140
MHz and 420 MHz.

The use of a conventional dip oscillator will
enable correct adjustment up to about 200 MKz, but
the final multiplier will need to be aligned to its
proper frequency using an absorption wavemeter or
the dip oscillator described in Chapter 10,

A SIMPLE 70cm CONVERTER USING
BI-POLAR TRANSISTORS

In this converter, which is of straightforward
design, only freely available and cheap transistors are
used. The crystal operates at 35 MHz and is followed
by three frequency multiplier stages, the first triples to
1056 MHz and the other two each double to reach the
final frequency of 420 MHz. In the mixer stage a
GM290 transistor is used, and is capacitively coupled
to the pre-amplifier and the local oscillator. The
output from the mixer is fed directly into an i.f.
amplifier at 1214 MHz. The pre-amplifier, another
GM290, is operated in grounded base mode with a
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FT ~ FEEDTHROUGH [O0OpF
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TD FRE- AMPLIFLER

Fig.5.72. Layout of circuit shown in Fig.5.71. + are earth points. Ft are feed-through capacitors connected
together on other side of panel. TR1, 2, 3, 6 are OCi71. TR4 is AF139. TRG6 is GM290.
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Fig. 5.73. Circuit of pre-amplifier. Ft are 1000 pF
Jeed-through capacitors. L1 is 1% tums 3" din.

L1 MOUNTED AROUND
COAXIAL INPUT
SOCKET

TROUGH 67 LONG

1* Wiot
" HIGH ! !

Fig 5.74. Trough line layout of circuit given in

Fig.5.73,
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high Q collector circuit, and is shown in Fig.5.73 while
the mechanical construction is given in the drawing in
Fig.5.74.

Coil Data for Oscillator chain and i.t. Amplitier

*1L1 15 turns A" diam. 20 s.w.0.
LZ 7 turns % " diam. 20 s.w.g.
L3 5turns %' diam. 20 s.w.g.
L4 1turn %" diam. 18 s.w.g.

* L6 30 turns 4" diam, 28 s.w.g.

*slug tuned

FET CONVERTERS FOR 70 MHz,
144 MHz and 432 MHz

FETs and the performance of the Converters

Although Field Effect transistors have in-fact
been in existence for many years, they have only
camparatively recently come into general use. This
was due mainly to problems in manufacturing suitable
devices which have now been overcome.

FET" have ‘source’” and ‘‘drain” electrodes
which correspond roughly to the emitter and collector
of normal transistors. However, the operation of the
third electrode, the ““gate”, is rather unlike that of a
transistor base as its control over the source-grain
current is achieved without the injection of current
carriers, by a purely electric-field effect.
Consequently, the input impedance, between source
and gate, can be quite large and the design of r.f. input
gircuits is correspondingly eased. Operation is, in fact,
very much like that of a normal hot-cathode valve.

CHAPTER 5

However, the FET has some operational advantage
over valves for r.f. amplifier use, apart from the
obvious ones of lower power consumption and
satisfactory operation at low h.t. rail voitages. The
form of curvature of the mutual characteristics of
FET's is such that most strongsignal effects are {ess
than those shown by equivalent valve stages {and far
less than for stages using conventional transistors).
This is particularly true for frequency-changer stages,
for which FET’s may be almost ideal devices. It should
also be true that the minimum achievable noise-levels
of stages using devices operating at or near
room-temperature are lower than those using devices
with heated, emissive cathodes.

These theoretical expectations seem to have been
realised for the most part in the converters described,
for the strong-signal effects are negligible, in practice,
even when several 100mV signals are fed into the
input simultaneously. The noise performance is also
good: a noise-factor of better than 3dB will be realized
on either band, provided that NF of the i.f. tuner into
which the converter is fed is not itself worse than
about 10d8. This latter proviso is a result of the
converter gain having been held to a low value to
minimize owverall strong-signal effects. With the
component values shown, operation is satisfactory,
incidentaliy, at input supply voitages varying from 10
to 14 volts, hut if operation from a 9 volt battery is
desired, the following component modifications
should be made:

Change R2 to 6.8K ohms {10K ohms}
R4 to 6.8K ohms (10K ohms)
R10 to 10K chms (158K ohms}

The original vatues are in brackets.

THE TWO AND FOUR METRE CONVERTERS

TR Rz TR TR
2N ZN3IRI9 2M3826 2N3826
=Y P, :;FIB 4
(a} 2R >Rz 2R3 R4 A Fara 2 89
233K Ziok 4= 1K

AERIAL
T

IF
OUTFUT cit

Cls

adn 22007F

" I1pF <43 Tl g
Lk 2200 | 2200
IOGDpFT P F‘T pF .
4 S " *
= VIEWED FROM LEAD END
- g E
oN3s19{ ¢ 2N3B26[ e-¢ TR TRE®
L o DM3B19 SMIABIG o ADDITIONAL COMPONENTS
() 2Ry ;nz ZEI
233K A =19 XN
i * c7
= 10 MixEn
AERLA J@ P

Fig. 5.75.
Circuit of the neutralised FET converter (a),
and in (b) an altemative cascode input circuit,
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Coil Details

Four Metres

L1 30 turns 36 s.w.g. enam., close wound on 100
K ohms Y2 watt resistor (required for cascode
only}

T1 Secondary: &8 tms, 22 sw.g. enam.,
self-supporting (wound on % in. mandrel)

Primary: 3 turns, 22 s.w.g. enam., pushed into

“cold" end of secondary

T2  Primary: 6 turns, tapped 2 turns from earthy
end, 22 s.w.g. enam., close wound on 0.3 in.
Aladdin former
Secondary: 6 turns, 22 s.w.0. enam., close
wound nearer chassis, spaced 3. in. from
primary

T3 See Table 1

T4  Primary: 4 turns, 22 s.w.g. enam,, ciose wound
near chassis on 0.3 in. Aladdin former
Secondary: 4 turns, 22 s.w.g. enam., close
wound, spaced % in. from primary

TS5  Main: 11 turns, 28 s.w.g. enam., close wound
on 0.3 in. Aladdin former
Emitter: 1 turn, 28 s.w.g. enam., overwound at
“eold’ end of main winding
Qutput: 2 turns, 28 s.w.g. enam., overwound at
centre of main winding

Two Metres

L1 10 turns, 28 s.w.g. enam., close wound on 100
K ohms % watt resistor {required for cascode
only)

T1 Secondary: 4 turns, 22 s.w.g. enam.,
self-stupporting (wound on % in. mandrel}
Primary: 2 turns, 22 s.w.g. enam.,, pushed into
“cold" end of secondary

T2  Primary: 5 turns, tapped 2 turns from earthy
end, 22 s.w.g. enam., close wound on 0.3 in.
Aladdin former {ignore tap for cascode)
Secondary: 5 turns, 22 sw.g. enam., close

wound nearer chassis, spaced %, in. from
primary '
T3 See Tabie
T4, 5 Asfor 4m
Components List
C1,3 1000 pF disc ceramic
c2 4.7 pF ceramicon (4m), not required
for 2m
c4 2-8 pF miniawre trimmer, Plessey
type 7365 (not required for cascode)
C5 10 pF ceramicon {(4m), 2.2 pF
ceramicon {2m)
C6 10 pF ceramicon {(4mj}, not required
for 2m
C7 15 pF ceramicon
c8 1 pF ceramicon

C9, 13, 14, 16 2200 pF disc ceramic

RECEIVERS

c10 22 pF ceramicon {4m), 6.8 pF
ceramicon (2m)

c11, 12 33 pF ceramicon (4m), 68 pF
ceramicon (2m)

C15 15 pF ceramicon

Rt 33 K ohms

R2, 4 10 K ohms {10-14 volts), 6.8 K ohms
{9 volts)

R3 100 K ohrms

RS 4.7 K ohms

R6, 8 470 ohms

R7 22 K ohms

A9 2.2 K ohms

R10 15 K ohms {10-14 volits), 10 K ohms
{9 volts)

T2,4,5 0.3 in diam. nylon Aladdin former,
with iron dust core

T3 0.3 in. diam. nylon Aladdin former,
with iron dust core, for i.f.s above 16
MHz
Neosid pot core on Aladdin former for
i.f.5 below 16 MHz

TR1, 2 2N3819 FET (Texas Instruments Ltd.)

TR3, 4 2N3826 {Texas Instruments Ltd.}

X1 HC-6/U crystal and holder, as required.
The following additional components

are required for the cascode
modifications:

Cc17 1000 pF disc ceramic

R11, 12 33 K ohms

L1 100 K ohms (see Coil Details)
TRE 2N3819 (Texas Instruments Ltd.}

Both converters are almost identical in form. A
common source, neutralized r.f. stage, using a 2ZN3819
n-channel FET (Texas [nstruments Ltd) feeds, via
double tuned circuits, into a common-source 2N3819
mixer {Fig. 5.75). For those anxious to avaid even the
simple procedure associated with neutralizing the r.f,
stage a cascode wvariant is availabie for both bands,
which does not appreciably alter the performances in
any respect but does require another 2N3819, The
local oscillator chain uses two silicon n-p-n planar
transistors, type 2ZN3826 (Texas instruments Ltd), one
as an oscillator with an HC-6/U overtone crystal,
operating in the 30 to 36 MHz range, the other as 3
multiplier, doubling for 4m and quadrupling for 2m,
with double tuned circuits feeding into the mixer.

The standard output i.f. for both converters is in
the region of 3 MHz but design data is given for i.f.'s
between 2 and 30 MH2 for the 2m converter and
between 2 and 10 MHz for the 4m. An Aladdin
former, with enclosing Neosid pot core, is used to
accommodate the output transformer for i.f.’s up to
16 MHz, but ahove this frequency, the Aladdin former
only is required. To alter the i.f., it is only necessary
to change the i.f. transformer coil and overtone crystal
and perform a small amount of re-peaking.
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Construction
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Fig. 5.76. Chassis drilling plan.

CHAPTER 5

The converters are wired on a piece of Lektrokit
board, using wiring pins pushed into the holes to
support most components, including the crystai and
the transistors, see Fig. 5.77. A standard, square piece
of Lektrokit laminate board may be cut into three,
each part of which may then be used to build a
converter, although two fixing holes must be drilied
appropriately in the centre piece.

The board is mounted inside a simple, trough
section, 20 s.w.g. aluminium chassis, using two BBA
screws and nuts, standing the board %' away from
the chassis. The four coil formers, i.e. those associated
with the osciliator and multiplier stages, together with
the r.f. mixer interstage coil and the i.f. transformer
are ali mounted on the chassis see Fig.6.77. The aerial
coil is air-spaced and is supported by wiring pins on
the board. As the converters are fundamentally
intended for incorporation into a complete v.h.f.
receiver, the aerial and i.f. terminations are, like the
ground and input negative connections, made to
wiring pins but, if required, two coaxial sockets may
be mounted on the chassis, after drilling an additional
four holes. No extra shielding is required anywhere,
the need for it being avoided by proper kayout and coil
positioning.

The drilling plan for the metalwork for the
converters is shown in Fig. 5.76.
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Fig.5.77. {a) Wiring diagram for the twa FET converters. 7 iﬁ@ l
(b) Modifications for incorporating a cascode r.f. stage. T2 E ¢l €
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Wiring pins should be pushed into the Lektrokit
board from the underside so that about twice as much
protrudes above the board as is left below. The best
type of pin t¢o use is that with a shoulder and
longitudinal splines (Vero Electronics Type 2143).
Otherwise, Lektrokit LK3011 pins may be used. The
finished converter looks neater if some wiring is done
underneath the board, prior to mounting it in the
chassis. In particular, the h.t. wires and the earth wire
from the crystal clip may be so inserted. If the cascode
r.f. stage is t0 be used, the earth connection to the
bottom of B2 may also be made under the board with
advantage.

Mounting the Lektrokit board in the chassis
regquires the use of two BBA x ¥ ch.hd. screws and
nuts, spacing the board % * away from the chassis. The
crystal bolder is fixed to the board by soldering the
connections to two wiring pins. The crystal is inserted
and is then clamped in position by bending a GBA tag
carefully over it, after the tag has been soldered to the
earthed wiring pin provided.

The coils for T2 and T4 are produced by
close-winding 22 s.w.g. enamelled wire on the shank of
a %" drill {(wind one more turn than is required). If the
wire is then pulled off carefully, it may be sprung, by
rotation, on to the Aladdin former. Note that the
earthed end of the secondary of T2 is nearer to the
chassis. The primary is situated at the outer end of the
former, with its ““coid” end nearer to the secondary.
The two coils are spaced by 4", The sarthed end of
T4's primary is close to the chassis and the earthed end
of the sacondary {which is situated right at the other
end of the former) is nearer to the primary, The cores
for both T2 and T4 are prepared by cutting a standard
core in half, and they are locked in position, inside the
former by means of narrow strips of polythene sheet.

The main winding of the oscillator coil TS is
close wound near the chassis end of the Aladdin
former, its earthed end being close to the chassis. A
layer of adhesive Melinex tape facilitates putting the
other windings on top, the feedback coil at the cold
end and the output winding near the centre of the
main winding.

The i.f. transformer T3 should have each half of
its tuned winding wound in two adjacent coil former
sections, leaving one section awvailable for the
output-coupling secondary. '

Lining-up and Operation

Getting the converters going shouid present no
difficulties. The output if. tuned circuit will not
normally require peaking for i.f.’s beiow 10 MHz. The
crystal oscillator will only oscillate strongly on the
correct overtone frequency and probably will not
oscillate at all unlocked, although some crystals having
exceptionally high shunt capacitances may cause it to
do so. If a receiver in the 35 MHz region is not
available, correct operation of the oscillator may

RECEIVERS

readily be checked by using the standard trick of
searching for a spurious response to the oscillator on a
v.h.f. receiver or even one covering the upper h.f.
range. Needless to say, if the oscillator does not seem
to work at all, try reversing the sense of the feedback
winding.

An r.f. detector loop and diode and a set of
calibrated absorption wavemeters will be found useful
when tuning up the multiplier coils. However, if these
are not available, the 1 pF oscillator injection
capacitor lead may be temporarily moved to the
multiplier collector and the multiplier coil tuned to
give a noise peak. Then the injection capacitor should
be reconnected to the secondary winding of the
multiplier coil which may itself then be aligned, and
the primary re-peaked.

It is now necessary to resonate the mixer gate
circuit. For 2m i.f.'s below 6 MHz, and for 4m i.f."s
below 3 MHz, it may be found difficult to distinguish
betwean the noise peaks due to operation above and
pelow the local oscillator frequency. A very
pronounced dip in noise between noise peaks probably
indicates too much oscitlator injection. This may be
checked by measuring the mixer source currant (0 to
10 voltmeter across R4). This current should not
increase by even a few per cent when the local
osciliator is switched on. If it does, reduce the
coupling between the two parts of T4. Operation of
the mixer at too high a level of oscillator injection will
produce very poor strong signal performance,

With a 75 ohm load resistor {or an aerial) plugged
inte the input socket, it should now be found possible
to tune the primary T2 to resonance at signal
frequency, at the same time adjusting the neutralizing
capacitor for best stability, in the case of the single,
earthed-source, r.f. stage. The input circuit may then
be set up in the usual manner for valve r.f, amplifiers
and the entire converter finally peaked using a signal
generator or external signals.

FET 70cm CONVERTER

An un-neutraiised common-gate r.f. stage, using a
2N3819 (Texas) is inductively coupled into a
common-source first mixer, also a 2N2819 {Fig.5.78).
Then follows a further mixer employing a 2N3819
also in common-source or, in the alternative design
already mentioned, a common-emitter 2N3826 silicon
planar (Texas), with local-oscillator injection at the
crystal frequency itself.

Double tuned circuits, with mutual inductance
coupling, are employed between the r.f, stage drain
and first mixer gate, The aerial is fed into the source
of the common-gate r.f. stage via a circuit which is the
exact dual of a conventional pi-coupler, with two
shunt inductors and a series capacitor. This has the
advantage that it tends to simulate a high-pass rather
than a low-pass filter, at frequencies far outside the
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matching band, and this helps to reduce possible i.f.
interference. The only slight disadvantage relative to
the more normal pi-coupler is that mutual coupling
between the two coils must be kept fairly low.

Double tuned circuits, at the first i.f. in the 36
MHz region are used to feed the second mixer stage.
The second i.f. extends from 2.0 to 4.0 MHz, for
4320 to 434.0 MHz coverage, using a crystal of
33.077 MHz. The output i.f. may, of course, be put
anywhere in the range of up to about 15 MH2 by
appropriate choice of the crystal and by making
modifications to the first {T2) and second (T3) i.f.
transformers., The changes to be made to T2 are
relatively minor and are easily estimated. Sample
designs for T3, suitable for several different i.f.’s may
be found in the i f. transformer table, 2m section. The
formula for calculating the crystal frequency is:

432.0 — (lowest freq. of tunable i.f.} pmHz

CHAPTER 5

For example, another suitable i.f.
would be 3.0 to 5.0 MHz, requiring a 33.0 MHz
crystal, which is, in fact, available on the surplus
market at the present time. The design for T2 wouid
be essentially unaltered and that for T3 would be as
follows:

Primary: B8 turns of 34 sw.g. enamelled
Secondary: 5 turns of 28 s.w.g. enamelied {for
75 ohms output)
13 turns of 28 s.w.g. enamelled {for 600

ohms output) in the pot-core, as before.

The local osciliator chain consists of three stages,
employing 2N3826s, the first as an overtone crystal
oscillator in the 33 MHz region, the second tripling to
99 MHz, with double tuned Interstage coupling
circuits and the final stage quadrupling to about 396
MHz which is coupled into the first mixer by the
mutual inductance between L3 and the secondary of

crystal freq= 3 T1.
Data for I.F. Transformer T3
T3
Tunable if. Crystal primary 75 ohm 800 ohm
i.f. centre freq. induc- Turns S.w.g. Former coupling coupling
tance turns wrns
Four Metres
1.8-2.4 2.08 MHz 34.15 205 pH €6 36 Pot-core 5 13
2.1-2.7 2.38 34.00 168 58 36 Pot-core 4 11
4.1-4.7 4,40 33.00 46.8 31 32 Pot-core 2 6
1.1-7.7 7.40 31.50 16,6 19 28 Pot-core 1 3
9.197 9.40 30.50 10.3 15 28 Pot-core 1 3
Two Metres
1.8-3.8 2.62MHz 35.55 369 pH 88 36 Pot-core > 17
2.0-4.0 2.83 36.50 316 82 36 Pot-core 6 16
4.0-6.0 4.90 35.00 105 47 34 Pot-core 3 9
80-10.0 895 34.00 316 26 a2 Pot-core 2 5
14.0-16.0 15.0 32.50 11.3 15 28 Pot-core 1 3
20.0-22.0 210 31.00 5.8 29 26 Aladdin 2 5
c/w former
24.0-26.0 250 30.00 4.1 27 26 Aladdin 2 5
chn former
28.0-30.0 29.0 29.00 3.0 25 28 Ataddin 2 5
clw former
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Details For 70 cm Converter

2 turns, 20 s.w.g. tinned copper,
wound on % in. mandrel, with: %"
long leads.

As L1, but with 4" leads.

As L1 but with one %" lead and one
% ‘lead.

Primary: as L1, but with one % "'lead
and one 1 in. lead. Secondary: as L1,
but with one 3/16°" lead and one 2 in.
lead. Primary and secondary co-axial,
earthy ends near together with approx.
¥ "' spacing.

Primary: 13 turns, 28§ s.w.g. enameiled
ciwv on 0.3 in. Aladdin former.
Secondary 3 turns, 28 s.w.a.
enamelled c¢/w (2N3819 second
mixer); 4 turns 28 s.w.g. enam. c/w
(ZN3826 second mixer). Both coils
wound initially upon % in. drill and
allowed to spring off. Earthy ends near
together on former, separated by 4"
Secondary near to chassis end of
former.

Fig.5.78. Circuit of 70cm converter using three FET's

T3

T4

and {b) showing an alternative second mixer
stage using a bi-polar transistor.

Primary: 82 turns 36 sw.g. enam., 41
turns wound in two adjacent sactions
of pot- core former (2.0 to 4.0 Mc/s
i.f.), Secondary: 6 turns 28 s.w.g. {for
75 ohm i.f. output impedance) or 16
turns 28 sw.g. (for 600 ohm i.f
output impedance), in remaining
section.

Primary: 5 turns 22 sw.g. enam. c/w
on 0.3 in. Aladdin former. Secondary:
5 turns 22 sw.g. ciw on 0.3 in.
Aladdin former. Coils mounted with
earthy ends near together, space %%,"
Primary near to chassis end of former.
Both coils wound initially on % in.
drill and allowed to spring off.

Main: 11 turns 28 s.w.g. enam., close
wound on 0.3 in. Aladdin former.
Emitter: 1 wurn 28 sw.g. enam.
overwound at “cold” end of main
winding.

Qutput: 2 turns 28 sw.g. enam.,
overwound at centre of main winding,
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Components List For 70 cm Converter

C1,13,18
c2
C37,15,16
4,514

Ce
c8
Cc9

c1o

C11

c12

C17
€19,20,22
c21

R1

R2,3
R4,15

Rb5

Ré

R7

R&

R9
R10,11.13
R12
R14
T2,4,5
T3
TR1, 2
TR3
TR4,5,6

X1

5.48

6.8 pF ceramicon

47 pF ceramicon

330 pF disc ceramic

2 to 20 pF tubular ceramic
trimmers {Henry's of Edgware
Road)

4.7 ceramican

10 pF ceramicon

10 pF ceramicon (FET mixer),
100 pF ceramicon (bipolar mixer)
33 pF ceramicon (FET mixer},
2200 pF disc ceramic {bipolar
mixer)

1.0 pF ceramicon

0.1 yF 30V disc ceramic

3.3 pF ceramicon

2200 pF dise ceramic

15 pF ceramicon

220 ohms

22 K ohms

2.2 K ohms

100 K obms (FET mixer}, 2.2 K
ohms [bipolar mixer)

not required, (FET mixer), 22 K
ohms (bipolar mixer)

1 K ohms {FET mixer,} 330 ohms
{bipolar mixer)

1 K ohms

330 ohms

470 ohms

12 K ohms

15 K ohms

0.3 in. diam nylon Aladdin
former, with iron dust core
Denco/Neosid pot-core (Henry's
of Edgware Road)

2N3812 FET ({Texas Instrument
Lid.}

2N3819 FET or Z2N3826 bipolar
{see text)

2N3828 bipolar silicon planar
transistor {Texas instruments Ltd,)
HC-6/t) crystal {and holder) or
HC-18/U  erystal, as required.
6 Oxley Type SO1 (EBA) ceramic
stand-off pillars. LEKTROKIT
5.R.B.P. board and wiring pins, as
required. Belling-Lee  coaxial
sockets, if required
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Fig. 5.79. Dimensions of the chassis and screen for the
input stage.

Like the two v.h.f, converters, the 70cm unit
uses a piece of Lektrokit board mounted inside a
small, 20 s.w.g. aluminium U-channel chassis.

It is spaced about |%."" away from the chassis,
with one end fixed as previously, the other being
secured by soldering a wiring pin to an earthed tag
bolted to the chassis. Wiring pins in the board serve to
support most components but those operating at
signal or first oscillator frequency are mounted either
upon ceramic pillars or on small tubular trimmers. A
small screen between the input and output circuits of
the r.f. stage ensures good stability. The single fixing
hole in the screen tab should be marked and drilled
only after the two holes have been drilled in the main
flange, so allowing the screen to be fitted.

Apart from these details, most of the remarks
concerning construction of the preceding converters
apply also to this model. As before, the aerial input
and i.f. output terminations may be either internal or
external, using Belling-Lee coaxial sockets.

The coils associated with L3 and T1 are tuned
with tubular trimmers. The type specified was chosen
for its mechanical suitability but it has an unmodified
capacitance range of from 2 to 20 pF. This minimum
capacity is too high and should be reduced by
removing about " of silvering completely from
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SCREEN

Fig. 5.80. Component layout for the standard converter, and (b) alternative mixer.

the normally clamped end of the trimmer using a file
and a piece of medium grade emery cloth.

The coils for L3 and T1 are mounted directly
upon their respective trimmers but their earthy ends
are not brought to the base of the trimmer, instead
they are returned to the stage common-earthing point
(Fig.5.80). The gate lead of TR1 is shown, for clarity,
in Fig.5.80 as being connected directly to the
appropriate stand-off but, in fact, a shorter gate-earth
lead results if C3 is groundad by a very short wire and
then the gate of TR1 is connected as close as possible
to C3 itself. The mixer, TR2, source lead should also
be kept short. The by-passing of TR4 is improved if
C15 and C16 are taken to their respective pins on the
underside of the wiring board, before the latter is
fitted. The negative supply wire to the TR1-TR2
stand-off may aiso be connected underneath the board
in this way.

If an HC-6/U crystal is to be used, the crystal
holder should have its lugs bent cutwards and then
soldered to the wiring pins provided. However, a
miniature HC-18/U crystal should be fitted by passing
the wires through a convenient pair of holes and then
bringing the wires up through the board again for
soldering to the pins. Very loose capacitative coupling
is required between the crystal oscillator collector and
the second mixer gate. This is accomplished by
utilizing the capacitance between two adjacent pins on

the Lektrokit board in series with the 1 pF ceramicon
C11. When the 2N3826 mixer is employed, C11 alone
provides the correct oscillator injection level at the
mixer base.

Measured Operating Conditions
All voltages are measured with respect to
the —12volt supply line.

Emitter or Base or
Source Gate
TR1 R.F. Amplifier 0.5 to 1.5 -
TR2 First Mixer 071020 —
TR3 Second Mixer {O.? to 2.0 —  {2N3B19 FET)
08 1.1 (2N2826)
TR4 Second Mult. 1.2t 1.8 -
TRS First Mult. 1.51t0 2.5 -

TR6 Crystal Osc. 09t 1.1 1.5

Aligning the Converter

Again, most of the comments made previously
still apply. The local osciflator chain shouid be atigned
first. An r.f. detector and a3 set of absorption
wavemeters are very helpful during this procedure.
However, it is almost impossible to find the wrong
harmonics using the coils and capacitors suggested.
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When the oscillator chain is properly adjusted, tune
the secondary of T2 untii the drain current of TR3
increases slightly, as evidenced by a rise in d.c. voltage
across R7. Then detune T2 secondary on the h.1. side
until a small noise peak is heard. Next the stug in the
primary of T2 may be adjusted to produce a further
noise peak, due to the first mixer stage. A check with
an absorption wavemeter will be worthwhile at this
stage to ensure that T2 is tuned within the 35 to 37
MHz range. Incidentally, it will be noticed that the
shot-noise output of the FET mixer stage is very low
as cornpared with that produced by bi-polar mixers,
until the local oscillator is coupled in and the input
circuit tuned to resonance.

The next step is to disconnect the drain fead of
TR1 and unsgrew C4 fully. Then, resonate C5 and the
secandary of T1 at the oscillator frequency by
adjusting C5 either until the d.c. voltage measured
across R4 kicks upwards slightly or else by coupling an
r.f. indicator loosely into L3 and tuning C5 for a dip
in indication. Detuning C5 slightly on the h.f. side

A TUNABLE CONVERTER FOR 70cm
AMATEUR TELEVISION

CHAPTER 5

should give rise to a small noise peak. Re-connect the
TR1 drain lead and, with the aerial plugged into the
input sacket, increase the setting of C4 until a further
noise is heard, or until local signals are peaked up. The
primary of T1 wiil be found to be more sharply tuned
than the secondary. In fact, the overall bandwidth of
T1 may be controlled by adjusting the tightness of
coupling between the two coils. The coil spacing
should be changed as necessary, retuning C4 and Cb,
until the response of T1 is fairly flat over a band of
frequencies 4 to 6 MHz wide, centred at about 433
MHz. Insufficient coupling can even result in
self-oscillation of the r.f. stage when using some
2N3819s. 1t will probably not be found necessary to
alter the component values in the input pi-coupler, but
if a noise generator is available, C1 may he temporarily
replaced by a 2 to 8 pF Mullard trimmer and L1 and
L2 adjusted by bending them to optimize the input
coupling circuits absolutely for the ZN3819 in use.
Increasing the value of C1 will probably be found to
reduce the foaded Q of the T1 primary to a certain

extent.

23V

L
LY

T o
e LT

6-3V HEATERS

AFC3

cIs
[000pF

v

Fig.5.81. Cireuit diagram of the converter including h.t. supply, and 1.1. supply line.
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Components Lists for 70cm TV Converter

Resistars

R1 68 ohms, % watt,

R2 270 ahms, Y% watt.

R3,7 27K ohms, % watt.

R4 4.7K ohms, ¥ watt.

R5 1K ohm, % watt.

R& 33K ohms, % watt.

R8 1K ohm, % watt.

Capacitors

C1,3,10, 14,15 1000pF Radiospares feed through
types.

C16,9 1000pF disc ceramic.

C5 Q.003uF disc ceramic.

C8 6.8pF ceramic.

C4 820pF ceramic.

Ctt 500pF ceramic.

C2,.6 15pF variable {2 moving—-2 fixed
plates).

C7 3-30pF Philips trimmer,

C12,13 16pF 200V working.

Coils

L1 4% in. of 14 s.w.g, tinned copper.

L3 2% in. of 14 s.w.g. tinned copper.

L2 3in. of 20 s.w.g. p.v.c. covered.

L4 B turns of 26 s.w.g. enamel % in.

diameter {Aladdin former).

10 in, of 22 s.w.g. enamel 34, in.
diameter self supporting.

T1 small mains transformer, 150V and 6.3 secondary.
Vi GEC A2521.

V2 Mullard EEBBCC.

2 p.t.f.e. valve holders B9A.

Ric. 1,2, 3,4

This converter will tune from about 395 MHz to
490 MHz, but the tuning rate is not excessive, even
without a slow motion drive, when it is used as
intended into a television receiver. Although it has
proved quite satisfactory for reception of lacal 70cm
phone stations it will not be sufficiently stable for
general use if a selective communications receiver is
used as the i.f. stage.

Circuit description

The r.f. stage is a conventional grounded grid
amplifier using an A2521 (V1), with a half wave anode
line {L1). An EB8CC double triode {V2) is used as a
self oscillating mixer and a cathode follower stage. The
oscillator is a Colpitts circuit, feedback being through
the inter-electrode capacitances of the valve.

The signal is coupled into the cathode of V2 by
L2, RFC7, L4 and C7 filter the output from the mixer
and select the if. signal which is fed into the cathode
follower to give some Isolation and allow low
impedance output. The 1.f. chosen was 56 MHz

RECEIVERS

{channel 3) to give a reasonable spacing from the
London television transmitter on 45 MHz {Channel 1}.
i1 a different i.f. has to be used it should only be
necessary 1o make a small adjustment to L4,

Construction
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Fig.5.82. Dimensions and drilling plan for the
construction of the brass troughs.

The two brass troughs should be constructed first
to the dimensions in Fig. 5.82, The valve holders may
then be positioned so that the anode pin {8) of V1 is
in line with L1 and the anode pin (1} of V2 isin line
with L3. P.t.f.e. valve holders are strongly
recommended. The feedthrough capacitors may now
be soldered inte position and the brass polished or
gilver pltated. With the mixer trough spaced %" from
the r.f. stage trough and a2 smali gap left at each end to
allow for the wiring, both can be mounted in a 6 x
4" x 2% standard aluminium chassis. It is essential
that a small screen is fitted ta V1 holder across pins 3
and B as shown in Fig. 5.B3. A scrap of tin plate is
suitable and should be soldered to the sides of the r.f.
trough. The r.f. stage will become unstable without
this screen.
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Fig. 5.83. Line drawing showing the position of com-
porierils (f tRe brass rokgh. The shaping of L1 and L2
i shawm,

It is suggested that L2 is insialled =i ihis sisge
between pin 3 of V2 and R2/CA. R2/C4 should be
earthed io the tag of C2; this pari of the cepeciior
{C2) then forms 8 comimdn path to the chisth and
provides further coupling. The line L1 needs te be
bent to sccommodate its length of 4% in the spaca
awailable, the end nearest to C2 being shaped into a
hook as shown in Fig. 5.83.

The resistors A1 and R3 are locawed outside the
r.f. anods ling trough. A small suand-off insulawor with
& low capacity to ground is used 1o support the 6.8 pF
capacitor (CB) and the emd of L3. The other
components will fit into place if the brass troughs have
beon drilled as shawn,

Testing

A TOcm signal i3 required, the third harmmanic
from a two mater transmitier will do for those
without a signal generator. Tha mixer (CB) on the
prototype tunas Tlem whan about 75 por cent open
and with the r.f. stage capacitor sbhout 50 per cent
open,
When a signal = locsted C7 should be tuned to
peak up the i1, circuit; @ dust cora will probably not
be needed to tune L4 to G6 MHz, A 22K ohms
damping resistor may be needed to tune L4 to incréase
thé bandwidth though 3t tha expense of the gaim.

Parformance

The noisa facter has mot been measured ps the
overall noise of the comvertar and the 1. recelver will
dopend on the banchwidth of the recelver., Same
re-alignment of the TV recelver to resirice the
bandwidth to approximately 2 MHz is worthwhiie, but
this must not be owerdone or the rise time of the sync
pulsés will be spoilt thus preventing the picture
lecking, 1o gay nothing of the effect on quality,

6562
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Generally it is better to chopse a TV receiver
without flywheel sync., s amateur signals may not
conform exactly with the British 405 line standard, A
direct sync modsl i therefore strongly recommendad.

Same fringe area madels have exire eyne amplification
and sahaping which 13 usaful

GROUNDED GRID
70cm CONVERTER

im this comverter, two grounded grid amplifiers
ara usad at the signal frequency, followed by crystal
diode mixer and i.f. input amplifier. The r.f. gain
avalleble iz 254B st a nolse fector of 7dB with o
bandwidth of 4 MHz.

Fig. 584. A genemad view of ihe complete Tlem
CORMETTEF.

Circuit Description

The r.f, steges comprise two A2521 grounded
grid amplifiers connected in cascaede. The gerial is
tapoed inte the input coll L9 and the tapping point
and input ciroult tuning adjusted for optimum noise
foctor. The coupling betwoon the two r.f. ctages
consists of an r.f. transformer made from two identicsl
coild L10 and L11 mountad side by side. An axactly
gimilar transformer couples the cutput of the second
r.f. stage into the crystal mixar, All tha circuits ara
séries tuned, xcapt the coil feeding the mixer which s
untuned. The layout of the transformers can be seen
in the photograph in Fig5.H5.

Multiplier Chain
One half of an ECCBE double triode is used with

B 202 MHz crystal s a Squier oscillator and the

seeend triede is tuned to the fourth harmaonic of the
crystal 8t B81.2 MHz. The cathode of the following
A2E2Y multiplier is tapped down the preceding anode
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intermedigte frequency and this is followed by a
eathode follower in order to provide low impedance
output which may conveniently be coupled to a
tunable receiver at intermadiate fraguency.

Mechanicsl Construction

The chassiz consists of 2 box 6™ x B" x 1%" deep
constructed of 20 sw.g. brass shest and silver plated.
It is divided into compartments as shown in Fig.5.88
and the walls of the compartmant are soldersd to the
main chassis. The transverse screens across the AZE21
walva socksts must be made close fitting and the grid
pins solidly earthed to the sereen. P.1.f.e. feedthrough
connectors are used to fead the uh.f. signels into the
mixar and feedthrough capscitors are used to lilter the
h.t. supplies into the various cOMBATTMENTS.

| v
Fig. 5. 85 Underside view showing positions of the
comparimenis

aail 1o provide matching and its anode cireuit is tuned
to 408 MHz, The use of high orders of multiplication
heips to reduce the number of unwanted harmonics of
the crystal frequency, but some are nevertheless
prasant, and thess are attenuated by fesding the mixer
diode from a tap on a tuned cireuit which ig loosaly
coupled to the AZ521 snode circuit. The spacing
batween these coils should be a5 great as possible
consistent with adequate diode current. The relative
positions can be seen in Fig5.B6.

I.F. 5tape T p—t ! 2° ll o
The wire-ended GEXBE mixer dioda is followsd  Fig 585, Drawing showing lapout details of underside
by an EGGCES as a sories cassode emplifier ot  of converfer and compariments.
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SUPFPLY

COIL DATA

L1=L6 23cm 24 s.awv.g. enamelied copper wire wound into ¥ in. dia. air cored eoil.

L7-L8 24 s.w.g. enamelled coppar wire ¢lose wound on to 100k$10.25W resistor.

La % turn 18 sawvg. enamelled copper wire wound into ¥ in, dia. sir cored coil.

L10=L13 1% turns 18 swv.g. enamelled copper wire wound inta % in. dis. air cored coil.

L4 44 s.w.g. silk insulmed copper wire close wound on 0 100K1L0.25W resistor.

L1 95 turns 26 s.w.g. enamelled copper wire wound on to % in. dia. former tapped 7 turns from earthy
end.

L16 23 tums 24 sow.g. enamelled copper wire wound on to % in. dia. former and tuned with ferrite
slug.

Li7 36 turns 20 s.w.g. enamelled copper wire wound into % in. dia. air cored eoil, tapped B% tums
from crystal end.

L18 6% tums 18 sw.g. enamelled coppér wire wound imo ¥ in. diz. air cored eoil, tapped halfweay.

L19 R.F. choke 3 [iH.

L20-L21  24cm 24 s.w.g. enamelled copper wire wound into ) in. dia. air cored coil.

L22 26 .w.g. snamelled eopper wire close wound on to 100k [10.25W resistor.

L23 1% tumns 18 sw.g. enamelled copper wire wound ime 3% in. dia. air cored coil.

L24 1% tums 18 sw.g. enamelied copper wire wound inie ¥%in. dia. air cored coil, tapped halfway.

553
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A 23cm CONVERTER

This Is a grounded grid r.f. amglifier circwit snd
provides & gain of more than 13dBE at signal frequency
with & noise fector of 11548 at a bandwidth of 5
MHE.

Fig, 5. 88. General view of compleie 23cm cosiiériér.
Circuit Description

The r.f. stage consists of a grounded grid A2521
wrough line amplifier with tuned input and sutput

INEUT I o OeE = TRARER
Gl G- — PP TAIMMER
. FT_FEEDTWROUGH CAFACITEE
e
A2ER

aiwr
Lacy
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lings, The input aerial impedance s matched by
varying the position of the input tap along the cathode
lime, and by tuning the line.

The cathode line is a 304 line short circuited at
its extrema end by a capacitor of approximaraly 50 pF
and tuned by an 0.5 to 3.0 pF trimmer mounted
halfway along the line.

The snode line ig a8 304 lime short circuited and
tuned by & 0.5 to 3.0 pF wimmer mounted halfway
along the line, This is isclated from h.t. by a 47 pF
capacitor. The ouipui is tepped at the mbchanical
short circuit (the slectrical r.f. short circuit being
gomewhere In the chassis) and fed directly into the

crystal,

Multiplier Chain

This consists of ana half of an ECCBE valve
connected as a Souier oscillator sontrelled by a B8
MHE crystal, The secona naif of this stage is wned w
the third harmonic of the crystal frequency, thus
giving 166 MMz sutput. Thiz is fad into a grounded
grid A2521 quadrupler operating in Class C, the
puiput circuit being a W2 line tuned &t its extreme
end by a 0.5 to 3.0 pF trimmiegr. The 660 MHz output
frem this stage is tappad off about half-wey along the

lﬁ"’"
I].
o = i
Lid & *E (e |
ARSI A2 .
- f - =0V
. v e |
; RN :‘,f ﬂf
:Lm T W
we | S

Fig. 5,80 Circuli of 23cm comverier
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line (this tap should be adjusted for maximum crystal
current) and fed inte & grounded grid A2521 doubier
also operating in Class C. The anode line of this stage
is a 3N4 line short circuited to the chassis at its
extrema end and tuned by a 05 to 3.0 pF trimmer,
h.t. isolation being achieved by & 47 pF capacitor at
the anode pin.

The output is tapped off at the mechanical short
circuit onece again and fed into a fabricated variable
capacitor, which couples the output into the crystal.

Mixer

This consists of an SIM2 Jow-noise diode
mounted in a silver-plated brass holder, r.f. decoupling
being achieved with a B0 pF capacitor formed at the
base of the crystal holder. The output at 24 MHz is
fed into a tapped input coil on which the tap should
be adjusted for best noise performance; this occurs at
about halfway along the coil.

I.F. Stage
This is an ECCB85 connected in series cascode
tuned to 24 MHz followed by an EF91/CV138

CHAPTER 5

cathode follower buffer stage.

Construction

The chassis consists of a shallow box, 13" iong
by 3% wide and 1%'" deep, constructed of 20 s.w.g.
silver plated brass sheet. It is divided into
compartments as shown in Fig.5.90, the walls of the
compartments being solidly soldered to the main
chassis. One wall of the chassis is made removable to
facilitate the making of ht. connections. The
transverse screens across the valve sockets must be
made very close fitting and the grid pins solidly
earthed to the screen in all cases. A wiring jig should
be inserted in the valve socket whilst this is done.

The valve sockets are all of p.t.f.e. and the input
and output sockets are Transradio Type BNC and
Belling Lee coaxial respectively.

The connections from the u.h.f. stages into the
mixer aré made by means of p.t.fe. feedthrough
capacitors. All power supply filter resistors and
feedthrough capacitors are mounted in the power
supply compartment.

. - 131 |
|_ 165 MHz 24MHz IF l
crysTAL F 1 77 E!
| -
I oyIET LF
] ? I
3l Ry
75 YUhki sy A L |
ST L : - g
55 MHz SUPPLY COMPARTMENT 1296 MHz LH
] e
. .T 4
PYV7 S DU T PR ' S D1 /7 Y 1 /7 S ) ’Is'—ol

REMOVABLE SIDE PANEL FOR ACCESS TO SUPPLY COMPARTMENT

Fig. 5.90. Drawing showing layout of 23cm converter.

COIL DATA

L1-L5 8cm of 24 s.w.g. enamelled copper wire, wound into %.in. dia. air-cored coil.

L6 24 MHz r.f. choks.

L7 30 turns 30 s.w.g. enamelled copper wire, wound on % in. dia. former, tapped halfway and tuned

with ferrite slug.
17 turns 36 s.w.g. enamelled copper wire, wound on % in. dia. former and tuned with ferrite slug.
9 turns 18 s.w.g. tinned copper wire, wound into % in. dia. open-spaced, air-cored coil. Tapped 7

3 turns 18 s.w.q. tinned copper wire, wound into ¥ in. dia. open-spaced, air-cooled coil. Tapped 2
30 s.w.g. enamelled copper wire, close wound on to 100k £2%2W resistor.
16cm of 24 s.w.g. enamelled copper wire, wound into 4 in. dia. air-cored coil.

7%em of % in. dia. silver-plated brass rod mounted % in. above chassis, tuned at extreme end,

Ben of % in. dia. silver-plated brass rod mounted % in. above chassis, tuned at 3cm from

L3
LS

turns from anode end.
L10

turns from anode end.
LL11—L13
Lid-L17
L18

tapped 3%cm from open-circuit.
L19—-L21

short-circuit, tapped at short-circuit.
L20

Gem of % in. dia. silver-plated brass rod mounted % in. above chassis, iuned 2%cm from
short-circuited, tapped 2ecm from short-circuit.



A SIMPLE 23cm SINGLE
CONVERSION CONVERTER
FOR AN |.F. OF 24-26 MHz

Fig. 5.91. A 23em canverier.

The oscillator - multiplier chain, Fig5.92, must
praovide sufficient injoction, to allew light coupling o
the mixer 50 as to avold nokse arising from it coupling
into thie signal circuit.

In order to meke best use of the transistors, only
frequoncy doubling ig carried owt at the higher
frequancy but tripling is used st the lowest frequency.,
For the final stage, however, a diode is the simplest
AfrangeTEnt.

it should be noted that since the collecior
cEpBCitance vafies with the coliector volge it s
desirable 1o swmbllize the operating voltage to avoid
detuning effects.

RECEIVERS

R * i

-lkib-"'"fq' LEAD OF CRI 4 Yd"0I
I 0

| someen ;f_ ) ¥

AfEIAL

SOCRET L ;:-IIIIH SERENS

[0 —
12"y 2" progE MEUNTING
PLATE WITH SCNTRAL THBE
0 FiT BadbE Car
Fig. 5.95. Signal and final osclllator chafr, L6 and L7
m% limes soldered directly fo the box af both ends

and rumed by IBA sorews fucing the cenire of cach
Mrig. The central soreen has @ curi-oui 5* long by
wide fo allow Signel diede and coupling loop fo be
Jitied: this aperture couples the local sseillator o
the diode. Aeral and signal dode CR 2 coupling loop
are 25" wide copper sirip %" | The diode mounting
e i3 instilated from the box by g:.rguﬂm! to form a
y;ao.m capaeftar. The plate v fived by GRA werews
witich must be insulored m the plate with bushes.
Lifode CR2 is IN2IC or IN21, the latiey gives slightly
poorer performance,

BOx A°L6 & 2°WD « 1" D

The mixer unit consists of two half wave lines
tunad ta 1272 and 12896 MHz respactively. They ara
separatad from one another by the intercircuit screen,
the mixer diode being mounted so that it fits into a
cui-out in the screen through which the local csdillator
coupling & obtained. A jow noiss neutralised if.
amplifisr (24-28 MHzl using & GM290 transistor
follows the mixar.

0 o 12

Fig 5.92. Owillator chain. TR, 2, 3 gnd 4 are 2N3603. CRA 5 GEXGO. RFC 7 turns %" dig. 28 s.w g, Crysital is

35 MH:z
Circuit Description

TR1 iz oporated o5 & grounded base erystsl
oacillater with a 35.333 MHz crystal. Tho output from
this is capacitively coupled o TRZ which triples to
106 MHZz, TR3 and TR4 operate a8 doubiers 10 meach
424 MHz The final frequeney of 1272 MHz is reached
by the dicde wripler CR1.

The emitwer resistors connected to THZ, TAJ and
TR4 ore shown as 100 chms, They may be 50-150

ohims sinca thelr primary purposk & to provideo tost
points far setting up the eircuit,

Construction

The whole converter can be builk on @ 6 = 4"
plate of copper or brass or even copper clsd fibre
board which méy form the lid of a box.
Alternaiively it may be fixed ingide a standard
discast bax,

The i.f amplifier may be buillt into the same box
but should be scresnad by adding suitable partitions,
The miser unit sheuld be attached o the bax so that
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the lesd to CR1 is short and the tuning scriws ara
accessible, see Fin.5.95.

i
P g TN == | E QUTBLIT
= ;Iﬁﬁ - 28 MHz

R F AR
Fig. 5.94. The i.f. amplifier,

Fig. 5. 95. Underside vicw of 23cm converier showing
companent ayoui.

COIL DATA,

L1 17 twwrne 28 sw.g tapped 1 turn from cold end,
slug tuned %" former.

L2 © iuwmns 18 sw.g. tapped ¥ turn from hot and,
air spaced.

L3 2% twrns 18 saw.g. tapped % turn from hot end,
air spaced.

L4 1% turng 16 s.w.g. tapped ¥ turn from hot end,
air spaced.

LE 1% twrms 18 sw.g., outpur m@ken % wrm from
cold and

LB 4 inches of %" dia. rod or tube t .

L7 4 inches of %" dia, rod or tube Fig.5.94

LE 4 turns 28 s.w.g. wound over cald end of L9

LS 24 wrns 28 s.w.0. slug wuned %" former

L10 24 turns 28 sw.g. slug tuned X" former

L17 4 turns 28 .68, wound over cold end of L10

Al gir spaced coils wound on ™ dig, mandrel

Alignment

Adjust slug of L1, to give maximum current
reading scrgss TR2 emittér rigistor, adjust trimmsns
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across L2 and L3 for the maximum reading across the
preceding emitter resistor.

Typical resdings across the emitter resiswors of
TR2, TR3 and TR4 are 10mA, 5mA amd BmA
respact vely.

L4 and L6 are adjustied by varying the [urns
spacing o obtain the maximum reading scross the 100
olim resistor in series with the RFC associated with
CH1. A typical valua is GmA.

Faollowing this the trimmer [LE] [2BA screw) is
adjusted for maximum mixer diode CR2 current. L7 is
nosy tuned to give maximum mixer diode current
which will indicate that it is resonated at the ascillator
fraquancy. The trimmer sorew (2BA) of LT should
then be turned back about half a turn and finally
adjusted for maximum signal with a 1298 MHz test
signal fed into the aerial socket.

The operating value of mixer diode current is
about 300 A,

A 13cm (2300 MHz) CONVERTER

in thiz 13 cm crysmal contrallsd converter, signals
at 23200 MHz gre mixed with the output of a crystal
oscillator chain at 2280 MHz the i.f. produced being
amplified by a wideband hesd amplifier covering
20-30 MHz. The circuit is shown in Fig.5.97. The
upper half shows the i.f. head amplifier and also the
trough line sssembly which consists of the serig! and
mixer circuits and the final stages of the muliiplier
chain.

Fig. 5.96. A 13em converter,

Signals at 2300 MHz applied via the input locop
L1 are twned by LZ, C12 and coupled to the mixer
diode MR1 by L3. Alko coupled to MET via L3 i the
2280 MHz output of the multiplior dieds MR2.
Intermediate frequency signals produced by MRT ae
fed to the i.f, head amplifier V1. This iz 2 cascode
stage, the operating conditions of which are stabilised
by components B3 to RS, Wideband wransformars T2
and T1, which cover 20 to 30 MHz respectively, match
the mixer diode MR1 to V1, and provide a 75 ohm
output to the Main nscondr
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HT+250V

BREAK HERE
FOR METER

lg?m
2 R
3 gzon I

v}
E8BCC

7| e

{F OUTPUT

s SEE]

<l

47pF

3867 MH2 il“-‘io
RIS == ICOCF
33K

RFC)

Fig.5.97. Circuit diagram
of 13cm converter.

Heater Wiring

COIL DETAILS FOR 13cm CONVERTER

Tuned

Coil to MHz

L1 - %" 18 s.w.g. tinned copper wire
spaced /%" from L2.

L2 2305 2.40" W dia. brass rod, ends
tapped 6BA, mounted %' clear of
chassis,

L3 - See Fig.5.99,

L4 2280 AsL2.

L5 760 22" %" dismeter brass rod,
mounted %" clear from chassis,
tapped approx.7” from anede end.

LB - Formed from wire end of MR2 and
18 s.w.g. wire. See Fig.5.101.

L7 31.7 25T 30 s.w.g. enam. copper wire
closewound on 0.27" diam. former.

LS8 63 8T 30 sw.g. enam. copper wire

closewound on 0.27°* diam. former.

Lo 126 10T 22 s.w.g. tinned copper wire

wound on %" mandrel air-spaced to

%', centre tapped.

6T ditto’ss" iong, centre-tapped.

1T 22 sw.g. PVC coverad wire

wound over the centre of L10,

10" 24 s.w.g. enam. copper wire on

7' diam. mandrel, air spaced.

™ 20 to 30 primary: 7%7T 34 sw.g. enam.
copper wire on 0.3'" diam. former,
1.0 pH.
secondary: 15T 34 S.W.0.
pile-wound to occupy 34 length
wound adjacent to primary, 2.8 pH.

T2 20 10 30 primary: 18T 40 sw.g. enam.
copper wire on 0.3" diam. former,

L10 253
L11 -

RFC1, RFC2

3.9 pH.
secondary: 44T 40 swa,
immediately adjacent to primary,
0.43 pH.
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Component details for 13em Converter
C2, C3, C4, C5, C6, C8, C9, C21, C34, C39 0.01 pF
disc ceramics
C7 value up to 10 pF to pad C10 to 51 pF {see text)
C10 ecapacitor formed between diode mount and

trough wall. Dielectric polythene approximately
0.010'" thick selected to give capacity 40 to 51 pF,

C11 %" length
p.t.f.e. insulation.

Yo' tube with 6BA screw inside

C14, C15, C17, C138, C20, €23, C24, C26, C30, C32,
€35, 1000 pF feedthrough.

C12, C13 capacitor formed between OBA brass bolts
and L2, L4.

C16, C27, C29, C21, C36, €37, C38 1000 pF disc
ceramics.

C19, C28, C33 ceramic tubular trimmers 0.5 1o 5 pF
Erie 3116A.

R10, R13 metering resistors 10 to 100 ohms matched
4 2%

MR1, SIM5 or CV 21556 {SIM2 and CV2154 similar
but reversed polarity} MR2: GEXG6.

The oscillator and earlier stages of the multiplier
chain are shown in the lower part of Fig.5.97. V3A is
used as a Squier osciliator, X1 being a 31.6667 MHz
third overtone crystal. Stages V3B, V4 and Vb
successively double to 2563 MHz, and the cutput is fed
via L10 and L11 to the troughline assembly. This
assembly  incorporates two  further stages of
multiplication, firstly, a grounded grid triode V2
tripling to 760 MHz, and secondly, a diode multiplier
MR2, the 2280 MHz output of which is tuned by L4
and C13. The positive end of MR2 is decoupled
through C14 and earthed with a link which may be
removed for metering during aligning. Both V3A and
V3B are fed from a 190v stabilised supply.

F!:nm.

Fig 5.98. Layout of components for 13¢m converter.
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The general layout of the converter is iliustrated
by Fig.5.96 and Fig.5.98. The troughs are 1" wide
internally and 1" deegp, and are fabricated from 20
s.w.g. brass sheet. Details of the screen and diode
mount are given in Fig.5.101. The trough components
are temporarily jigged together using chromium plated
instrument screws (which do not solder) screwed into
the tapped ends of L2 and L4, and are focated by a
scrap vahlveholder in position V2. The assembly may
then be soldered directly to the 18 s.w.9. brass chassis
using a small gas flame, OBA brass nuts are soldered to
the top of the chassis to act as threaded bearings for
C12 and C13. BBA solder tags are also soldered
directly to the chassis to provide convenient earthing
points, and in particular short earthing paths for the
cathodes of V4 and V5 (pins 2 and 7). In connecting
the valveholder for V2, pins, 3, 4 and 6 and the centre
screen are soldered directly to the trough wall, and
pins 1 and 9 to the solder-tag of the centre screen of
the valve holder. P.t.f.e. valve holders are used, except
for the stabiliser V6.

]T'EGLEOLD\E\I\RED /?//////,////%
L il St e swe TINKED

COPPER WIRE

APPRDX
A

INNER FRCM
BRC CONMECTER

Fig 599 Details of L3.

TRIMMER FORMED BY 4BA BRASS SCREW
#ND 3[e6% 1/ D BRASS TUBE 5/1567 LONG
¥WITH PTFE TQ‘PE INSULATION

L3

L T R NN

Fig.5.100. Details of L6.

The diode mount is held firmly against the
trough wall by 6BA bolts screwed into the ends of L2

~and L4, the boits being insulated by p.t.f.e. or fibre

bushes. Between the mount and the trough is fitted a
piece of polythene sheet the thickness of which,
approximately 0.010"”, is chosen to produce a
capacitor having a wvalue of 40 to 51 pF. This
capacitor, C1Q, which is both the r.f. bypass at 2300
MHz and also the tuning capacitor for the primary of
T2, is padded to the value &1 pF by C7. The



connector to the mixer diode MR1 is the inner of a
BMC socket, the p.i.1.2. insulation from which is also
uged in locating the inner within MR2. The adjustable
tap on LG consiste of a connector romoved Trom a
paxolin octal valve holder.

— FL - -
I
f A man
II'I' s
i’ SCrEen . EDsmg BAASS
Diede Maunt .. . T

Bawg BRASS

( H—11
¥
Won—

SR

B ey !

LT

-

il_’j; 'I"-il.

10 FIT MA2

SR | —

Fig. 5. 10, Demils of screen and diode moumt
o “"d""‘..; . } =

ol

A J" - ! fw' i ¥
- _ '.A!,-. _ i

R

uni_fﬂnn output over the range EI]-EH:I MHz.

_:“..'

RECEIVERS

Alignment of the comvertar should present faw
problams prowvided that the critical dimensions of the
trough cireuitry Le. the lesgths of L2, LY and LS are
within = “» ', With the valves pluggad in, the anode
circuits of W3A, V3B, V4 and V5 are tuned 10 the
frequoncies given in the tabl showing coil details
using a gdo. H.t., may than be aspplisd and the
oscillater snd multiplier circuits peakad by motering
test points 4, 5, 6 and 2 in that order. The currenits
measured shouwld be similar to those given in the table,
The drive applied to the grid of V3, should be about
ImA, and is the difference between the cathode and
anode currenis meacured from the voltage drop acrose
the matched rasistors R12 and R10 respectivaly. 19,
11, together with the tap on LS and the coupling
Hnk to MR2 (L6} should then be sdiusted 1o praduce
the maximum current in MBE2 (up to 2 maximum of
A0mA), The tuning point of C13 is mainly dependant
on the position of MRZ: that shown was found 10 be
tho optimum and resulted in the OBA tuning bolt
being unscrewed 2% turns from touching L4, The
small capacitive coupling betwean L3 and L4 is finally
adjusted to give 8 mixer current in MAT of 0.5 1o
ima, Final peaking should be done after L2 has been
tuned 1o 2308 MHz. An spproximate position for C12
i 3 turn gut fram souehing L2

The current through V1 should be skt ta 10mA
by altering ARG, and T1 and T2 mdjusted to give a

Fig. 5. 102 Underside view of | 3cm converter.
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Metering details for the 13cm converter

Meter between
TP1/TP2
TP3/chassis
TP4 "
TP 7
TP6
MR2 ¥
MR1
SEMICONDUCTOR DIODES
AS SWITCHES
I A oyt
% 4
3] <R2 o} -]
Bi_A5 3 ouT fns
(a) i_ W
IN — X - ouT
B
RS R
a3 ® | | SR 2q
1
Bi A BIAS
1
(b) =

Fig.5.103. T'wo circuits illustrating the use of diodes as
switches.

5.62

Current mA

11.3
12.3
—-09
—-D5
- 13
40
0.6

As mentioned elsewhere semiconductor diodes
may be used for switching. They offer advantages over
mechanically operated types because they can be
fitted close to the circuit and the actuating switch or
reiay positioned where most convenient.

In Fig.5.103({a) the resistors R1 and R2 provide
the bias voltage for the diode D, R3 connected to the
other side of the diode provides r.f. isolation and
allows the diode to be forward or back biassed,
thereby causing the diode conductance to be either
high or low, cutting out the circuit or leaving it in
operation.

The actual value of the resistors is not important
and values beiween 10K and 100K ohms are suitable.
The fixed bias should be such that it is unlikely to be
exceeded by the signals involved.

In Fig.5.103{b) is shown a double pole
changeover, applied to twa circuits. If only single pole
changeover is required, then either the right or left
hand half of this circuit may be used.

Diodes suitsble for this type of application
shouid have:-

{a} high forward conductance,

{b} low reverse conductance, and

{c) low capacitance,

Most types known as Geld Bonded Diodes will be
suitable for use as switches.



CHAPTER 6

TRANSMITTERS

DESIGN CONSIDERATIONS

The early stages of a transmitter, often referred
to as the exciter stages, are those circuits between the
oscillator and the power amplifier. In these sections it
is necessary to arrange for the control frequency to be
multiplied to reach the final frequency and to build up
the power level to a value suitable to drive the final
amplifier.

This is normally done by frequency multiptying
stages and including amplifiers if necessary, which are
more likely to be needed at the higher frequencies due
to lower efficiency as the frequency is increased.

The actual number of stages will of course,
depend on the starting frequency {oscillator) and the
final frequency required together with the multipli-
cation factor used in each stage. Generally this is
confined to doubling and trebling aithough sometimes
quadrupling is used at lower frequencies.

{n addition to the actual multiplier further ampli-
fier stages may sometimes be required, for example as
an isolation amplifier (buffer) between a variable
frequency oscillator and the following stage to prevent
frequency pulling, or as an amplifier after the final
frequency multiplication to drive the power amplifier.

Decision on the oscillator and other exciter
stages will be governed by the crystals or suitable
variable frequency oscillator available. These two
sources of frequency control may require a different
starting frequency since the required stability of a
variable frequency oscillator becormes more difficult to
attain as the frequency is raised, whereas with crystals
this is generally not a problem provided they are
operated within their rating.

Some thought should also be given to the actual
frequencies that are to be used, to ensure that if there
is any radiation from these they do not cause inter-
ference. In this connection it is always advisable to
operate exciter stages at low power level even if this

MULTIPLICATION 4m BAND 2m BAND 70cm BAND 23cm BAND
FACTOR 70,025 -70.7 144 -146 432 - 434* 1296 - 1298*
x2 35.013 - 35.350 72 -73
x3 23.342 - 23.566 48 - 48.6
x4 (x2x2) 17.007 - 17.675 36 - 36.5 108 -108.5
x5 14.005- 14140 28.8 - 292 86.4- 8638
x5 (x2x3) 11.671 - 11783 24-243 72- 723
%8 (x2x2x2) 8.753- 8827 18- 18.25 54 - 5425
x9 (x3x3}) 7781~ 7865 144 -146 48 - 48.2 144 - 144.2
x10 {xEx2} 7.025- 7.070 16 ~ 16.2 43.2 - 434 1296 -129.8
x12 {(x3x2x2) £5.836- 5.891 12 -12.16 36- 36.165 108 -108.16
x16 (x2x2x2x2) g~ 9125 27~ 27125 81 - 81125
x18 {x3x3x2) 8- 8.11 24 - 241 72 - 721
x20 {xBx2x2} 7.2- 1.3 21.6 - 21.7 648 - 64.9
x24 (x3x2x2x2) 6- 6.083 18- 18.0825 54 - h4.08
€32 (x2x2x2x2x2) 13.5- 13.663 405 - 40.563
%36 (x3x3x2x2}) 12- 12.06 36 - 36.05
x40 {(x5x2x2x2) 10.8- 1085 324 - 32.45
x48 (x3x4x4) 9- 904125 27 - 27.04
xB4 (x4x2Zx2x2x2) 6.7~ ©6.7813 2025 - 20.2813

*Communication Section
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makes necessary the addition of a driver/amplifier.
Such an amplifier will not only provide an increase in
power but also assist in attenuating in its tuned
circuits unwanted harmonics generated earlier.

To assist in the selection of a starting frequency
(erystal or v.f.o) the table shows the various frequen-
cies and the multiplication needed to reach the in-
dividual bands.

From the table it will be seen that the use of a 72
MHz oscillator needs only a doubler to reach 144
MHz, a doubler and a trebler to reach 432 MHz and a
doubler and two treblers to reach 1296 MHz. At this
starting frequency separstion of harmonics at the
high frequencies is an easy matter.

5.836 - 5.891 x3x2x2 12 70.025-70.7
Xx4x3 12
7.781 - 7.855 x3x3 9
11.671-11.783 x3x2 &
x2x3 6
6.00 - 6.6083 x3x2x2x2 24 144 - 146
x4x3x2 24
8.00-8.111 x3x3x2 18
9.00-9.22 X2x2x2x2 16
x4x2x2 16
1200-12,166 x3x2x2 12
18.00-18.44 Xx2x2x2 8
2400-24.332 x3x2 6
36.00-36.48 X2x2 4
72.00-73 x2 2

Exciter and Low Power Stages

The vaives most suitable for multipliers are
generally those of high mutual conductance (high
sensitivity). Since the grid and anode circuits are tuned
to a different frequency, instability is not usually a
problem provided there are ng circuit conditions
which could provide a tuned anode tuned grid oscilla-
tor. In some types there may be some chance of

CHAPTER 6

parasitic oscillation which can usually be prevented by
suitable isolation of input and output circuit com-
ponents and adequate by-passing.

Pentodes are suitable for frequencies up to about
200 MHz but triodes are much more satisfactory at
higher frequencies. The types generally are of the
receiving valve class, such as pentodes CV 138, EF30,
B6AKB, E180F, 5763 or triodes 646, 6C4, EC3010,
ECC8B, 12AT7. In the performance tables typical
results are given for 3 examples and these show that
quite worthwhile power outputs are attainable under
fairly low power input conditions.

Expensive wvalves, such as, E280F, E282F,
E810F and D3A are pentodes specially designed for
wide band applications and are not really suitable
because their input and output capacitance is rela-
tively high.

Of course, for the early stages triode pentodes
such as ECF80 are suitable and can be a convenient
means of reducing the equipment size which is im-
portant for portable and mobile equipment. The tuned
circuits for the exciter stages, although handling rel-
atively low power, should be designed for as high Q as
possible so as to give the maximum attenuation of all
unwanted freguencies, and similar methods to those
proposed for power amplifiers may be used. They can
however be relatively small for the lower frequency
stages and up to about 100 MHz core tuned inductors
are quite suitable, Above this frequency, self-
supporting coiis up to the frequency limit where these
are permissible should be used. At the highest frequen-
cies parallel lines, trough lines and cavities will have to
be employed.

The use of link coupling is often a suitable means
of coupling circuits together to make a compact
layout which may otherwise be difficult mechanically.

In building circuits, the series resonance of such
components as capacitors should be borne in mind and
their connecting lead lengths should be as short as
possible. Sometimes the self resonance is intentionally
used, and the table shows some examples of self
resonant frequencies of some commonly used capaci-
tors.

SELF RESONANT FREQUENCIES OF TYP{CAL CAPACITORS

Type

8 uF 450V. Electrolytic

0.1 uF 350V, paper foil (4702A) Dubilier

0.1 uF 200V, paper foil {CP4A5N)
0.01 uF {PZ) ceramic disc ... .
0.1 uF {WO9) metallized paper .
2200 pF polystyrene ., .. ..
0,001 uF (W99) metatized paper
0.001 uF (NY) ceramic disc... ...
100 pF (N750L) ceramic
150 pF silvered mica

6.2

Lead

Maker Length Frequency
Hunts 1in. 026 MHz
%in. 34 MHz
TC.C; %in. 3486 MH=z
Erie Yain, 17.8 MHz
Hunts Yain. 595 MHz
. GE.C Y in, 300 MHz
Hunts %in. 43.6 MHz
Erie Yain. 53.0 MHz
; Erie % in, 99.0 MHz
.. LEM Yain. 114.0 MHz
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E F91/6 AMb with anode voltage of 300V, screen
voltage of 250, and grid bias of — 20V.

Class of finput f output Anode Screen Grid Power
operation (MHz) (MHz) current current current output
(mA}  [mA) (mA) {watts)

60 60 115 3.2 15 1.9

Amplifier 120 120 115 3.2 1.7 1.7

200 200 9.7 3.2 19 0.4

Frequency 30 60 10.0 3.2 15 1.5

Doubter B85 130 10.0 3.2 1.6 1.1
ao 180 9.0 3.2 1.8 0.25

Frequency 20 60 10.5 3.2 1.6 1.1

Tripler 30 a0 10.0 3.2 1.7 0.2

50 150 9.0 3.2 18 02

ECC91/6J6 with anode voltage of 200.

Class of Fre- Cath- Ancode Grid Grid Power
operation quency ode Current CurrentResistor Qutput
{MHz} Current (la{tot} {Igltot} {Com- {watts}
(mA} {(mA) (mA) mon)
{K ohms)

Amplifier B0 22 17.2 4.8 1.5 2.1

{Grid bias

=14y 100 22 17.8 4.2 1.5 1.9

Cathode

resistor 150 22 18.2 38 15 1.7

330 chms) 200 22 18.8 3.2 2.2 1.4
250 22 19.3 2.7 2.7 1.1

Frequency b0 22 16 6 15 0.95
Tripler 100 22 16.7 B.3 18 09
{Grid bias 150 22 17.2 4.8 22 0.8
=100V 200 22 17.7 43 22 0.7
Cathode

resistor 250 22 18.2 3.8 27 0.6
120 ohms)

EC 8010 with anode voltage of 200

Cilass of Frequency Cathode Anode Grid Power
Operation MHz  Current Current Current Output
{mA) (mA) [mA} (watis)

Amplifier 432 39 29 b 3.7
{Grounded

Grid)

Frequency 432 34 30 4 28
Tripler

from 144

MHz

Frequency 8BB4 3t 30 1 1.4
Doubler

from 432

MHz
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R.F. Power Amplifiers

The tywpd of power amgah fier uiéd will 16 & degrad
depand on the freguency of operation, and the
efficiency will wery considerably over the range of 70
MiHz to 1296 MHz.

At the low frequency end of this range the powar
amplifier stage may well be very gimilar to that used
on the h.f bands end substantially similar velyes or
transistors can usually be usad, slthough recourse to
sdrids tundd circuits is olten necessary bocsusa of the
relatively high output capacitance.

As the frequency of aperation is increased a
change from the tetrode, to double tetrode (push
pull), and on to grounded grid triodes is usually
employed. Just whaere these changés occur dépand on
a number of factors and 1o come axtant on personal
choice.

In the table below a rough guide 1o the chalce of

Frequency Valve/Semi-conductor

T MHz Tetrode

{am} Transistor

144 MHz Tetrode

(2m)
Ciouble Tetrode
Transistor

437 MHz Douhle Tetrode

(70cmi) Grounded Grid Triode
Varacior dipde

1298 MHz Grounded Grid Triods

(23cm) Varactor diode

6.4
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tuned clrcult is given and as can be seen there s not s
clear cur change from one type of circuit for amy
particular frequency, the Ffinal decision usually
depanding on the actual valve or semiconductor used,

Probably the variety is greatest at 432 MHz not
only in the circuit form, but slso in the choice of
amplifier valve. There are two popular amplifier ar-
rangémants which at the powear levals usually encoun-
teved i amateur egquipment, compate strongly for
favour, thess are the push pull double tetrode
(DQWO3/204) ar the grounded arid triods (DET24).
Similar power levels and efficiencies can usually be
ohtalned with eithar arcangenment,

In higher power stages the most popular is the
forced alr cooled single tewrode such as the 4X1850A ar
4CX250B. Two valvas of this type may be uséd in a
push-pull arrangement but the circult bacormes rathar
cumbersome snd anyway such power levels are not
genarally required for amateur pUrposes.

Tunid Cireuit

Standard parallel or serles tuned
Lumpead constants circuit

Series tuned Lumped
consiant

Parallel tumned clrcuits

Linisr Circuil

Linear Circuit

Slab Line

Cavity or trough

Limped constanis series 1wined

Cawity

Linear circuit series tuned

Power Frequency Doublers

Frequenmey muliipliers, generally follow the
practice normally used for the owtput freguency
amplifier valve and circiult. Semiconductors such as
varactor diodes are a simple and an entirely r.f
powered means of obtaining outputl at double or
treble the input frequency st a high efficiency of 60%
to 7B%.

Although some triplers have bean made in which
sguirious freguancies have been svoided, it should be
remambersd that sinca the opération of these devices
is of the parametric type considerabie care is needed
nat anly to ensure that the imput and idler frequencies
are kapt out of the output circuit but also that amy
lower unrelated freguencies and their harmanics are
suitably reduced,

Sultable filters that are of narrow band width at
the wantied frequéncy are essantial. Of course, when a

Fig, 6. 1. Phroto of a 4CX2508.



trebler stage is driving an amplifier, much of the power
of the unwanted frequencies is likely to be very much
reduced by the amplifier's circuit selectivity.

Transistors

Transistors for substantial power levels at 144
MHz and above are relatively highly priced compared
with valves of similar output power but they will
undoubtedly become more competitive in the near
future. They are attractive for portable and mobile
use, but they are very sensitive to overloading and
considerable care and precautions must be taken to
remove or reduce the r.f. drive when the match to the
output load is greater than about 2:1. This can
probably be best arranged by building into the output
circuit a directional coupler connected to an early

NC

(a) RFC
s HT+
{b)
HT+
HT+ HT+
RFC
RFC
{c)
NL
NG
2

v

Fig 6.2. Methods of neutralising.
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drive stage in such a way that operation is in a similar
manner to a.v ¢. or a.l.c. as used in a receiver or single
sideband transmitter.

Circuit design for transistors should include some
means by which parametric oscillation is avoided.

Tetrodes

The design of single tetrodes suitable for use at
frequencies of 70 MHz and above, requires among
other features, low anode to control grid capacitance
in order to avoid instability. Most types will require
neutralisation by some means or other, either by the
capacity bridge method ar screen tuning system,

Typical circuit arrangements for neutralisation
are shown in Fig.6.2. In {a) the anode circuit is of a
balanced type so that the neutralising capacitor NCis
connected to the opposite side of the tunad circuit to
the anode and thus forms with the valve capacitance a
bridge. The NC may be either an adjustable capacitor
or a suitable length of wire from the grid so placed to
form a capacitor.

In (b} the out of phase voltage required is
obtained from the grid circuit and is the method
usually used when a pi-anode circuit is used. It isalso
applicable for series tuned anode circuits.

In {c) stabilisation is obrained by tuning the
screen circuit in which there is a series inductance NL
and tuning capacitor NC. in many cases NL is pro-
vided by the capacitor leads themselves and additianal
inductance is not needed.

In some specially designed types for operation in
the frequency range 150 to 500 MHz, such as the
4X 1804 or 4CX250B8, there is complete mechanical
isolation between the grid and anode, the screen being
brought out te an annular ring which when fitted into
an appropriate socket with built-in bypass capacitor,
can be thoroughly earthed with respect to r.f. The
feedthrough capacitance, between grid and anode is
then usually too small to cause self-oscillation in a
properly designed circuit layout.

In this class of valve the screen should be sup-
plied from & fixed voitage source interlocked with the
anode supply, because the screen current varies fairly
widely, due to secondary emission, and is often neg-
ative. In addition, as the frequency is increased it may
be necessary to reduce the input power to the heater
to prevent excessive internal heating.

Double Tetrodes

There are two distinct varieties of these valves,
which may be classified as American, such as the 832A
and 829B and European, such as the QAQVO3-20A and
G-40A.

In the American type the electrode system con-
sists of two separate tetrodes in one envelope with or
without a common screen bypass capacitor mounted
inside, and neutralisation is required externally. These
are now an old design of valve.
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-1 &
sl gt
i 6.3 A cross secrion of an 8298 showing method

of newiralising.

A typical method of the cross ower neutralising
arrangement s shown in the diesgram in Fig.8.3. It
usuglly consists of a8 wire connected to the grid circuit
of one tetrode being placed near to the anode of the
pther terrode, the capschty formed beiween the wire
and the anode is adjustad by bending 1o give swbility.

Fig 6.4, A crog gection of a European v b f deslile
tetrode such as o QOVO3-20A,

Make Tvpe No. Bass Cathade

Type W 8

Mullard ECC® B7G IH 8.3 045

u.Ss. A, BB

cw 858

Muiltard ECBE Cetal IH 63 0.65

Musllarel ECS7 QOctal IH 63 085

MO Vaolwe DET22 - H B3 0.4

Mlullard TOD2-10

() 273

8T.C. 33B/152M B3G IH B3 082

Cv 1540

M-O Valve DET24 IH &3 1.0

Mullard TDQ4-20

Cy 397

5T.C. 3B/240M B8G iH 63 1.4

CY 2214

WO Valve ACT2?2 . iH 63 q.0

cy 2587

Pelwallmred Qovo2-6 BaA IH 63 0.8

o 2466 126 0.4
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The Eurcpean types such as the QOQVO3-204 or
QOVO6-408 are designed an the basis of 8 common
cathode and a commen screen grid. The separaie
gystonms ard achiovied by the use of single sided control
grids and anodes. The design also includes the neutral-
i@ing capacitors

Fig. 6.5, Phow of 0 QQVO3204 and QQVOA404.

The table below lists some of the more popular
valvis at présent in usé Their powsr oulpul ranges
from ong Wattl UpWards,

MMax. Max. Output.
freq. Outpui freng at

fuill ful 2
Limiting Valuss ull &t full reduced reduced

ratings rotings ratings ratings
Fa Va wva2 (MHzl (W) (MHz) W)
2x15 300 - B0 3.5 - 1.0 8t
250
(MHz}
10 a0 - - o 4000 0.5
10 oo - = = 4000 1.8
10 =0 - 1000 2.8 3000 0.5
15 s - 300 28 - -
20 400 - 600 23 2000 35
24 am - 200 29
75 600 - 1000 aq = -
2x3 275 200 200 & 500 ]



Make

Mullard
cv

Mullard
U.S.A.
cVv

M-O Valve
CcVv

Multard
U.S.A.
cv

M-O Valve
Mullard
U.S5. A,

cv

Mullard
U.S.A.
cv

Mullard
U.S.A.
cv

Mullard
U.8.A.
cv

MuHard
U.S.A.
cV

Mullard
U.S.A.
cv

Mullard
8.T.C.
U.S.A.
cv

M-C Valve
ST&C
U.S.A.

cv

ST&C
U.5.A.
cv

M-O Valve
cv

Type No. Base

Qvo4a-7
309

QQavos-10
6360
2798

TT15
415, 4046

Qavoa-15
832A
788

TT20
Q0Vv03-20A
6252

2798

Qavoe6-20
6146
3523

COV06-40A
5894
2797

Qavo7-40
8298
2666

QY365
4.65A
1905

Qy3-125
4-1286A
2130

av1-150A
4X150A
4X150A
2519

4CX2508
4CX250B
4ACX250B
2487

2C39A §
2C39A -
2516

DET29 -
2397

B9G

BI9A

BIG

B7A-

B7A

QOctal

B7A

B7A

B7A

B&F

BBF

special

BBF
special

Cathode
Type V A
IH 6.3 0.6
IH 63 0.8
126 0.4
IH 6.3 1.6
IH 863 1.6
126 0.9
IH 63 1.3
126 065
IH 63 1.2b
IH 6.3 1.8
126 0.8
IH 63 2.5
126 1.25
PH 60 3.5
DH 5.0 6.5
iH 60 2.6
IH 6.0 2.6
IH 6.3 1
iH 6.3 05

Limiting Values

Pa

1.5

2x5

2x75

2x15

2x10

20

2x10

2x20

65

125

150

250

100

10

\Va

400

300

750

600

800

750

750

3000

3000

12580

1500

1000

450
1000

{pk}

Vg2

25Q

200

250

250

250

250

22%

400

400

200

Max.
freq.
full

ratings ratings
{MHz)

20

100

200

100

200

200

100

50

120

165

175

2400

2300

TRANSMITTERS

Output

Max.
freq.

Output
at

at full reduced reduced

(W)

7.9

16

12

26

b2

20

87

280

375

195

235

20

35
{2300)

ratings
{MHz)

150

225

250

250

175

475

250

220

200

500

500

6000

ratings
(W)

6.3

12.5

18

20

25

60

60
110
225

140

225
{at 2kV)

1.5
{3800)
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Driving Power

In Class C amplifiers, the driver should always be
capable of providing sufficient power to allow for the
range of operation required and to overcome the
control grid circuit losses. This is particularly im-
portant when the amplifiers are operated in the v.h.f.
and w.h.f. region where allowance must be made for
circuit and radiation losses in addition to transit time
losses within the valve itself.

With increased drive power requirements as the
frequency is increased care should be exercised to
ensure that excessive drive is not used. The r.T. arive
voltage should not be greater than that required to
give the maximum output and this can readily be seen
if a power control is available in the driver stage and
an r.f. gutput monitor connected into the output
gircuit. This may take the form of a simple r.f.
voltmeter connected across the output coupling or a
reflectometer set to read forward power,

Qverloading

All oxide coated cathodes can fairly easily be
damaged if the anode and grid are allowed to become
excessively hot. The anode, for example, should never
be allowed to becorne hot enough for it to be visibly
red when viewed in normal room lighting.

In amplifiers operating within their rated con-
ditions overheating is most likely to accur if thereisa
failure of r.f. drive when the grid bias is wholly
obtained by the grid resistance method. It is wise to
include a suitable cathode bias resistor 1o provide
some part of the bias and its value should be chosen
such that in the absence of r.f. drive the anode and
screen currents are kept down to safe levels. Such
cathode bias resistor must be by-passed effectively to
maintain the cathode at substantially earth potential.
Alternatively a clamp valve system may be used.

Cooling

Operation of any radiation cooled power valve at
its maximum rating of input power, especially at or
near its upper frequency limits, invariably requires an
increase in air cooling to prevent overheating of the
envelope. Simple fans which will provide the necessary
additional air flow over the static convection air flow
should be switched on by being interconnected with
the power supply switch.

The extra cooling is particularly necessary in
amplifiers which are fully screened, as they should be
to avoid any appreciable josses introduced by free r.f.
radiation. Adequate air inlet and outlet hotes should
be provided to ensure a free flow of air into and out
from the enclosure.

6.8

CHAPTER 6
Modulation of Double Tetrodes

Satisfactory modulation may be apglied to the
grid, screen or anode circuits, but for most purposes
anode and screen modulation is normally preferred for
the amplitude method. Frequency modulation may, of
course, be used if desired and this forrn does offer
operation at full rating, whereas a.m. requires suitable
derating.

% —C HT+
>
AUDIO INPUT | _ 1
FROM ®
MODULATCOR
TUNED
CIRCUIT
P
B N W E——
B3
OHT+
AUDIO INPUT
; FACM
uoouumn
I < TUNED
T b CIRCUIT
(b) (- o
—fpurs  SEE—
0 HT+
e
<
1 Auo|o INPUT
3 MOBULATOR
‘b
TUHED
CIRCUIT
& =
(C) a0 —

1

p

Fig. 6.6 Methods of applying modulation to the screen
of a double tetrode.



Amplitude moduiation can be applied to the
anode by any of the usual methods and rnust also be
applied toc the screen by one of the following
methods:

1.  Series resistor from the modulated anode voltage.

2. Separate winding on the modulation transformer,
with series resistor to the anode h.t. voltage as
shown in diagram {a). The screen voltage dropp-
ing resistor must be by-passed to audio frequen-
cies on the supply side. B is an r.f. stopper
resistor.

3. A tapped modulation transformer may be used,in
this case the screen dropper which must be
connected in series with the tap must be by-
passed to audio frequencies as shown in diagram
ib).

4. In diagram (c) a resistive potential divider is
placed across a standard modulation transformer,
the values of the upper and lower resistor must
be chosen to provide the proper screen volitage.

5. Fig8.7 shows a further method of applying the
correct voltage to the screen, together with the
appropriate amount of modulation.

It should be remembered that for optimum operation

the screen voltage is critical, and can never remain

reasonably constant when supplied from a series resis-

tor, since any change in anode current resuits in a

change in screen current.

MODULATED
HT
HT+
% 3280
470 6.0l
470 e 1000V lﬂl
WKG 218K
TO SCREEN 2ee < VR2
OF ox g $0.5M |
e Y S VRI
S 100K RLSIR

&
ol
AA AR
Y
L4
Wy r—

CGEARTH

Fig. 6.7 Circuit showing a superior method of
supplying both screen voltage and modulation, Valve
may be a 6V6, 6CI6, 5763 or similar type.

The circuit of Fig.6.7 not only enables a definite
vaiue of screen voltage to be set, but also allows the
correct amount of audio 1o be applied.

In operation VR1 controls the value of the
screen voltage and the values of R1 and RZ must he
chosen so that VR1 gives an adequate range. VR2
controls the amount of modulation applied 1o the grid
of the cathode follower valve and hence 1o the screen
grid. 1t should be adjusted so that the p.a. anode
current meter does not move either up or down under
modulation.

The only disadvantage of this method is that the
heater supply to the valve must be from a separate
source, since the heater - cathode insulation is usually
insufficient for the voitages involved.

TRANSMITTERS

Whatever form is used it should be remembered
that at peaks of modulation the anode and screen
voltage is almost doubled and the driver must provide
sufficient power under this condition. Modulation of
the driver is sometimes useful, taking the audio from
the screen grid of the amplifier.

Triodes

At frequencies above 432 MHz, triodes are more
satisfactory as amplifiers and even at 432 MHz they
offer a good alternative to the tetrodes especially in
the power output range of 10 to 20 watts.

1
INPUT = li

HT+

CATHODE % J--
BIAS 3
resisior § T

1H

Fig 6.8. A typical grounded grid amplifier.

The usual method of connection is grounded
{earthed} grid and when valves of the planar type are
used, the isclation between grid and anode is good
enough to enable stable operation without trouble as
long as the cathode (input) and anode {output)
circuits are suitably separated. The drive power re-
quired is significantly higher than for a tetrode, buta
considerable proportion of this is fed through into the
output circuit and adds to the amplifier's total output
power.

Since the drive power forms part of the output,
it is necessary to modutate the driver stage as well as
the amplifier, but because of this they cannot be
driven from a frequency multiplier.

The best known valves for this type of use are
the DET24 (20 wartt dissipation) and 2C39A {100
watt dissipation). These two valves are very similar,
except that the former relies on conduction cooling of
the anode whereas the higher powered type makes use
of forced sir cooling. In addition, they are both
suitable for use as triplers from 432 MHz to 1296
MHz,

in addition to the valve types mentioned above,
there are a number of smaller types which are suitable
either as drivers or lower power amplifiers. Such types
are DET22, DET29, A2521, EC157, ECBO10Q and
MNuvistor 8058 and of these both the EC157 and
DET29 may be used at higher frequencies than 1296
MHz and with reasonable output up to about 4 or b
GHz.

TRANSISTORS
General Considerations

The rapid developments in the semiconductor
field have provided a number of relatively high pow-
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ered trarsistors for use up 1o 432 MHz and although

they are still expensive they should be considered

carefully because their voltage requirements: may well
affer an overall economic beneflt, sspecially for mo-
bila or portable sguipment.

There ars, however, a number of important
points which must be barne in mind when considering
thesa:

{a} The sutput impedance i wvery low, and the
tuming circuil must match this o the mwch
higher aerial or oupul impedance,

bl Owarload protection must be provided to avaid
desiraying the device. Unlike valves which can
sccept considerable overloads withowt permanent
damage transistor amplifiers should be protec
ted by a fast acting protection cirouit.

fc] Because of their sansitiveness to overload, whean
thiey aré uged as amplitude modulated amplifismeg
the dersting s very considerable, so that fre-
quency modulation is 1o be preferred. thus en-
abling 2 higher power lieel to b ussd,

ldl  The output wave form must be substantially fres
from spikes which could causs over-loading.

e} The circuit must be such that there is no
parametric oscillation.

(fil The output circuit should not present 8 mis-
match greater than a v.aswr. of 2:7 and tha

Fig 6.9. A type BLY35 transistor.

E-Tﬂ

CHAPTER 6

protective circuit should be such as to reduce

the rf, drive as the mis-match increases, in a

manner similar to a.ge. or ale.
gl Adeguete heat sink must be provided wo keep

down the temparature of the device and in high
power stages some advantage may be obtaingd
by uging foreed asir coaling,

In oongidering @ twancictor power amplifier
probably the most important feature which must be
boerng tn mind is that of the impedance of the device
compared with the established valve amplifier. The
device impedance will be low and it is necessary to
tap it wall down the tuned sireult both for the input
and outpul stages.

The use of pi-coupling is not always satisfactory
owing to the large input capacitar that is needed due
to the low impedance oulput of the transisior. This
impedance may be betwesen 1 and 5 ohms, and
therefore to match this into the aerial impedence of
B0 ar 70 ohmg the coupler will be very differant
from that used for a valve amplifier.

Usuglly it will be found more convenient 10 use
o poaraliel tuned circuit and tap the transistor and the
output connections on the inductor at suiteble im-
pedance paints.

EMR"

{a) (bl
Fip.6.10. Two rransistor amplifier cirewits. (a) shows a

parallel tuned circuit ond (b) an L-circuit. Cs it a spiks
reducing capaciior.

Alternatively an L-cireuit may be used, which
in effect is a pi circult, the input capacitance being
that of the transiztor smplifier jwelf. In this cose
however it is desirable to have a small amount of
copacity a1 the input to ksep down the development
of spike woltages which may oecur. It s always
desirable thar seme check messuremants are made to
ensureg that the maximum working voltage of the
dievice is not exceaded,

Saome typical transistor output circuils are illus-
trated in Fig8.11.

For power amplifiers genarally, hioh voltage
types are likely to be the most useful, but as with
most semiconductor devices, they are sensitive 1o
oxcess voltepes, and, unlike valves which can stcept
high voltage surges, often of considerable magnitude,
without suffering pesrmsnent desmags, must be
protected § they are to be operated at near their
maximum rating.

Because of the dersting that is necessary when
using amplitude modulation, it is worth considering



cz2

o]

g
=
%; %R
3
1::?
A

(c)

=

Fig. 6.11. c;a) Simple Pi circuit, C1 should be quite

small in order to prevent the development of spikes in
the wave form as this prevents good impedance
matching being achieved.

(b} In this circuit the impedance matching is done in
two stages - say up to 5—15 olmns i the first section
and 15-50 ohms in the second section. Better
harmonric attenuation is also achieved.

(¢} Preferred circuit for h.f. operation. A modified L
circuit is generally more satisfactory than either of the
previous iwo. Capacitance to prevent spikes is
desirable.

the use of alternative modulation methods, such as
n.b.f.m. or single sideband. In the former case full c.w.
ratings can be used.

Apart from voltage surges and spikes, as with a
valve the transistor amplifier should not be operated
into a severe mismatch, the valve will usually survive
but the transistor will not, and therefore some
protective circuit should be incorporated which will
reduce the r.f. drive under fault conditions. If the fault
conditions are for any reason likely to produce a high
v.s.w.r. in the output circuit the protective arrange-
ment should be such as to be able to remove the drive
or reduce it to zero.

Adequste heatsinks must be provided, especially
in amplifiers of significant power rating and it may be
necessary ta provide forced cooling in order to keep
the overall amplifier size down to reasonable overall
dimensions.

The power gain of transistors, is at present,
generally significantly lower than their vaive
equivalents and it may be necessaty to have two or
more stages at the operating frequency, but this in
itself does not present any particular problem other
than the additional circuits.

TRANSMITTERS

Since semiconductors are ‘‘transparent’’ devices
and a transistor may operate on unwanted modesit is
desirable to include a narrowband filter in the output
circuit. This will at least reduce the chance of radiating
spurious signals.

TRANSISTOR POWER AMPLIFIERS

The problem of obtaining the maximum
transference of power from a transistor is essentially
the sarne as with a valve, but special problems arise
with the transistor because of its inherently lower
impedance.

Whereas with a valve it is necessary to step down
the impedance in order to match it into the feaeder
line, in the case of the transistor we have to step up to
the feeder impadance and this involves components of
vastly different vaiues.

Unfortunately, component values computed by
standard methods are often physically unattainable,
especially at v.h.f. and u.h.f. and this makes necessary
the use of unusual coupling networks in order to allow
the use of more practical components for the
impedance transformation.

Another problem that must be faced in transistor
power amplifiers is the effects of off tune and excess
loading which are most likely to occur during initial
setting up but may occur during operation for one
reason or another. In high impedance circuits (valve)
the effects are usuaily adequately taken care of by the
inherent overload capacity that most valves have, and
generally only poor efficiency results.

In transistors this will not be the case, off tune
and higher load conditions will present to the
transistor a greater equivalent series impedance than
does the correctly tuned and loaded circuit. The result
of this is that the load tine will cut the Ic Vc curves
below the knee and in this region linear operation is
impossible so that parasitics and other instabilities are
most probable.

In most arrangements the circuits are a.c.
coupied to the output and the collector is then fed
with d.c. through an r.f. choke. Here again the valve
practice of using a high O component will not serve
and the low Q type of suitable size must be used. The
impedance required effectively to isclate the collector
from the supply does not need 1o be greater than 1en
times the load presented to it by a correctly matched
network.

Also it must be remembered when designing (and
constructing) a transistor power amplifier that the
emitter must be connected by a low impedance lead;
1" wide copper strip is useful for this purpose.

L-Pi Circuit

From much recent work the most satisfactory
coupling network which lends itself to fairly
straightforward calculation consists of a combination
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of the series tuned “L" circuit and the conventional Pi
circuit. In order to establish the component values it is
necessary to calculate the component values in two
parts. The first part being for the L section and then
the Pi section companents are added.

Ve
OC BLOCKING
RFC CAPACITOR
Li V Lz
-
L}
Ccy L §RI.
1__T.3
ke ; -——

Fig. 6,12, The L-Pi cdrcuit. CT is main tuning
capacitor. CL loading capacitor. L1 is the network
inductance and L2 the Pi-network inductance. RL is
the load resistance and Ve the supply voltage.

The two parameters which must be determined
initially are the large signal output capacitance of the
transistor and its equivalent parallel resistance.

The cutput capacitance Cp can be obtained from
the manufacturers datz sheet and is usually guoted in
the form of capacitance/frequency curves for various

power levels,
Ve

RFC
LA

At |

er %m.

e f
-
Fig 6.13. Series tuned L circuit.

The output resistance Rp is not given but can be
computed with sufficient accuracy by assuming a peak
to peak r.f. voitage swing of twice the supply voltage
Ve.

If P is

2
equivalent parallel resistance of the transistor Rp =—%§-

the mean power output, then the

The paratiel capacitance Cp and resistance Rp are
now converted into eguivalent series circuits, see
Fig. 6.15. These are:

Rp X

Equivalent series resistance Rs=——B2FP _ ¥
q esista ] Rp? + Xp2 P
The equivalent series capacitive reactance Xs is:
Rp. X
Xs =
_ 1
where Xp o Cp
_ 1
and Xs= TS
i s
= Rp2 Co =
1_73 TC;

Fig. 6 14. Equivalent circuit,
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The series impedance of the device, Zs, is
therefore equal to Rs + jXs. For maximum power
transfer to--a load, the load impedance must be the
conjugate of the source impedance, or Rs — jXs.

[LIN!
Rs
Zsm Rs = jXs
Cs

~TY,
T

Zs=Rs+ jAs
Source Network + Load

Fig 6.15 Showing how the value of the load
impedance is derived.

Since it is desirable that the network should
provide good harmaonic rejection and ease of tuning, a
working O of between B and 20 should be chosen as
being suitable for use at v.h.f,

Since XL1 and Xc (Fig.6.15) may have a range of
values, the desired loaded Q of the network may be
obtained by a choice of the inductance L.1.

The formula relating the inductive reactance, XL,
the series resistance r, and Q is,

Q=24k and XL, = Q.Rs
the impedance of the source plus the inductive
reactance XL1T1 is Rs + j (XL1 - Xs) thus, the
impedance of R-jXc rust be the conjugate to establish
a match.

From this, by eguating the real and imaginary
parts

R=Rs

and Xe = [XL1 - Xs}
The values of C1 and RL1 in the L network may now
be calculated by making the series to parallel
conversion: .

2 2
_XC" +Rs 1

Ry = Rs Xc . C1 wXel

To complete the design of the whole network it only
remains to calculate the pi_circuit caomponents from
the formula given in the RESGB Radio Communication
Handboak, these are:

sd ! =80
Ca wXey * 3T o%e L2 TG

o b= =
i

Fig. 6.16. Equivalent Pi-circuit,




Thus the values of the capacitive reactance, XC2 and
XC3 and the inductive reactancce XL2, may be
obtained by making R1 = RL and R2 =the load RL.

The two sections of the whole network (L + Pi)
are connected together by lumping C1 of the 'L’
circuit with C2 of the pi circuit in parallet to form the
tuning capacitor CT, C3 is then the loading capacitor
CL.

Note that the Q chosen for the pj section need
not be the same as that used for the L section.
improved harmonic rejection will result with higher
values of Q.

Exampte

‘L-Pi° network design for a single 2N3632
transistor operating at 13.5 watts ouiput c.w. at a
frequency of 144 MHz into a 72 obm resistive load.
Supply voltage 28 volts.

From the manufacturer’s data sheet ascertain the
parallel eguivalent output capacity Cp at the stated
power and frequency. Cp = 22pF.

Paraltel Equiualent output resistance, Rp at stated

power Vel 282

Rp TP = m = 20 ohims
=21 -1
Reactance of Cp = 56 = Inrce

where f = 144 MHz e
and w = 2af = 9.1 x 10° thus,

1912 -5
XP =31 x 10® x 22
By parallel to series conversion,

0 ohms

Rp.Xp 29 x 50
Rs=————3x Xp=—>5—— 5 x 650 = 22 ohms
sz + sz e 292 + 50°
Rp.Xp

Xs= 2 X RP =592 1 502 x 29 =12.7 chms

Rp” + Xp

For a Q of 10, to find reactance of L

XL; =Q.Rs =10 x 22 = 220 ohms
Ly = 0.24uH

From Xc=XbL, - Xs=220-127=207.3 ohms

To obtain the values of C; and RL; (Fig.6.13)
the series combination of Xc and RBs must be
converted to the paratlel equiva!ent

From the formula Xc, ic—%ﬁ—s
+
207 +10 22 X10 - 208 ohms
207 x 10
o2

from which C; = =53 pF

" 9.1x10% x 208

w Xcy
RLy =Xc2 + Rs2 _ 2.07° x 10* +2.27 x 10
e Rs - 22x10
= 197k ohms

TRANSMITTERS

This completes the L network calcuiations and the Pi
network values must now be calculated. From the
formula, given in the RSGB Radio Communication
Handbook and using R1 = 1.97k ohms, R2 = 72 obhms
with a selected Q of 15.

R
X{:2=B~1-(1+\/—2) 197x10
Q
/ 72
1+ -~ —— 5 J= 156 ohms

1.97 x 10

from which €2 = ~—L— = . =
wXe2 9.1 x 10° x 166

7.1 pF

Xez = X B2 - 156 L 29.7 oh
= c —— — e o T =
el 1.97 x 10° Sl
from which Cj = = = 37 pF
omWEh L3 = Xes 9.1 x 10° x 29.7 G
2
R R
XL, =—% 1 _2)
o) Ry
197 x 10° 72 2
s——— 1+ —————=5 ] =186chms
15 1.97 x 10

from which L2 = 0.204 uH

Combining C4 and Co
CT=Cy+C=53+7.1=12.4pF
The final L-Pi network becomes
28y

RFC

0-24;?!

$4700 OC, BLOCKING

2N3632
-
Fig. 6.17 The final L-Pi-network.

Similarly for two 2N3632 transistors in parailel
operating at 20 watts on 144 MHz the following
values can be calculated:

Cp (for pair) 44 pF Rp = 19.6 ohms

Xs = 9.5 ohms and Rs = 12,1 ohms

XL =182 chms and L1 = 0.2 yH forQ =15

Xc =172.5 ohms

Xcy = 174 ohms and C1 = 6.35 pF. RL;= 2.6K ohms
{for Q = 20 in pi-circuit).

C2 =1.5pF

C3 =43 pF

Ly =0.19 yH

VARACTOR MULTIPLIERS

The theory of Varactor operation being
unfamiliar to many, it is worthwhile having a brief
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look at how they work. Fig.6.18 shows a p-n junction
formed by butting a piece of type n semiconductor
material, that is, material doped so that it has spare
electrons available, and a piece of p type material,
which has spare ““holes’” [missing electrons}. This is the
famitiar semiconductor diode. Spare electrons near the
junction in the n region are attracted into the p region
where, after wandering about for a while, they
combine with holes and are neutralized; conversely
some of the holes near the junction on the p side find
their way to the n region and combine with electrons
there. The volume of material near the junction is thus
swept clear of holes and electrons, and forms a sort of
no-man's land - the depletion layer where to all intents
and purposes there are no charge carriers. No net
current flows to the outside world, and the whole
thing behaves like a capacitor with the depletion layer
as the di-electric between the conducting p and n
region ''plates”. It is a slightly charged capacitor,
because the charge separation process produces a space
charge or *“contact potential” across the junction. This
is about 0.5 volt for silicon.

Fig. 6,18, A junction of p type and n type semi-
conductor malerials,

If we connect an external d.c, suppty in such a
sense as to aid this space charge, i.e. we reverse-bias
the junction, then the increased electric field sweeps
more carriers out of the bulk material and increases
the width of the depletion layer. Thus the junction
capacitance is reduced, just as when the plates of a
parallel plate capacitor are pulled apart. Conversely,
reducing the space charge by forward bias decreases
the width of the depletion layer and increases its
capacitance, until finally the depletion layer width
bacomes zero, the plates in effect, touching and the
device conducts in the forward direction. This, of
course, happens at about 0.5 volt for a silicon dicde.

A

REVERSE ‘ FORWARD
0

N—

Fig. 6.19. A typical plot of capacitance against applied
voltage for a semi-conductor junction.

Thus the junction diode behaves, when reverse

biased, like a voltage variable capacitor: the limits to
the capacitance swing are set by reverse breakdown of
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the junction at one end, and forward conduction at
the other. Actually, at v.h.f. Varactor diodes may be
driven quite hard into the forward region without
appreciable current flowing, because the applied
voltage reverses again and sweeps most of the injected
carriers back to the side from which they started,
before they have time to recombine on the other side.
This results in a large increase in capacitance swing and
hence power handling capacity.

INPUT i
q CHARGE

N\

—3
v

|

|

i
..____.__g__

i_=D, VARACTOR

Fig. 6.20 The curve of junction stored charge plotted
against voltage being non-linegr, severely disiorts a
sinewave input charge, thus producing harmonics.

If we now plot capacitance against voltage for a
semiconductor junction we obtain a curve simifar to
that shown in Fig.6.19, although the exact shape
depends on the way that the doping levels vary near
the junction.

The charge on a capacitor is given by the
expression g = CV, and Fig.6.20 shows a plot of
charge, g, against voltage. If we superimpose an input
sinewave of charge on the curve, we see that the
resultant Varactor voltage waveform is spiky - in other
words, it contains harmonics. This is the way in
which the “classical” WVaractor produces frequency
multiplication, but there is another important
mechanism which deserves a brief mention. It was said
above that if a diode is driven for a short time into the
forward region, when the applied voltage reverses
against those carriers which were injected from ong
side of the junction into the other will not have had
time to combine with opposite charges there, and will
return to their side of origin appearing as a brief pulse
of reverse current (see Fig. 6.21). This recovered

FORWARD

T /\wnnm [\
PULSE

i

to

! L\'/:'[
REVEASE ! L
CURRENT” Y.,/ ot

PULSE

Fig. 6.21. The reverse current over-shoot of a normal
p-n Junction.

charge which is a nuisance in ordinary diode circuit
appiications, is useful in Varactors as we have already
seen, as it represents a welcome increase in effective
capacitance swing. However, if the impurity doping



levels near the junction are suitably profifed, it can be
arranged that the stored charge all comes back in one
lump, giving a very fast cut-off of reverse current, as in
Fig.6.22. This phenomenon, known as ''step recovery”
resuits in the production of a great deal of extra useful
harmonic energy, and is exploited in some modern
Varactor diodes to increase the harmonic output
power available.

AWAY

: 3
N7\
‘\s ‘;!‘ “\\11"

STEP RECOVERY

Fig. 6.22, If the semiconductor layers are suitably
doped, the reverse current puise can be tailored to
produce an extremely rapid recovery, thus improving
the harmonic output.

in order to make use of these effects {harmonic
generation by non-linear capacitance and by step
recovery} in a practical circuit, it is necessary to
arrange to feed current into the Varactor at the input
frequency, and to extract the harmonic energy
generated in some way. Varactors may be used in
either series or shunt circuit configurations, but the
shunt arrangement is more convenient for high power
use as it allows one side of the device to be solidly
connected to a good heat sink - usually the chassis.
Filters are needed to isolate the input and output, and
these may simply be series tuned circuits, suitably
tapped to provide impedance matching between the
source, Varactor and foad.

VARACTOR BIODE
Fig. 6.23. A basic varactor doubler circuit

Thus, we arrive at the hasic circuit of Fig.6.23 in
which C1, C2 and L1 and the diode capacitance form
a tuned circuit series resonant at the input frequency,
and C3, C4, L2 and the diode capacitance {usually
guoted at two-thirds of the breakdown voltage value
for this purpose) in series resonance at the output
frequency. With the addition of a bias resistor across
the Varactor to induce a little forward current 1o flow
on peaks of forward drive, Fig.6.23 would form a
perfectly good frequency doubler. For higher order
multiplication, greatest efficiency is obtained by
short-circuiting the Varactor at the second harmonic
frequency with an “idler” circuit, and thus allowing
second harmonic currents to flow in the diode, where
mixing occurs with the fundamental to produce sum
and difference frequencies. In this way, tripling,

TRANSMITTERS

quadrupling, and so on can be achieved, although at
progressively lower efficiencies owing to idler circuit
losses.

g2 LI L2 3

(’}\ T“ o

Fig.6.24. The cireuit of Fig. 6.23. with two refine-
ments: a bigs resistor (R) to improve the doubling
performance, and an idler circuit tuned to the second
harmonic, to facilitate higher order multiplication.

Because of the harmonic relationship between
the amateur v.h.f/uhf. bands, we are mostly
interested in tripling, and Fig.6.24 shows a typical
tripler circuit. This is developed from Fig.6.23 simply
by the addition of an idier circuit comprising L3 and
CBH, series resonant with the diode capacitance at twice
the input freguency. The bias resistor R is not critical
and is wsually chosen between 68-200 K ohms.
Efficiencies from 60 to 80 per cent are attainable
when tripiing from 144 to 432 MHz with this circuit,
using devices such as the Mullard BAY 66 (12 watts
maximum input), BAY 96 (40 watts) or the Motorola
IN4387 {40 watts), but it is not quite suitable, as it
stands, for connection direct to an aerial, because the
single tuned output circuit does not give sufficient
attenuation of the fundamental and unwanted
harmonic signals appearing across the Varactor. It is,
therefore, necessary to provide at least a double tuned
output circuit, and at 70cm this can conveniently
consist of a stub in a coaxial cavity, with a serjes tuned
input loop taking the place of L2 and C3 in Fig.6.24.
With proper adjustrnent, spurious signals will be
reduced to about 40dB below carrier, but if the odd
milliwatt of spurious emission causes interference to
local 2m stations, an additional high-Q break may be
used.

Practical Varactor Power Multipliers
for 70cm
csf

INPUT
I
10p i
max L4 OEL"'”;gL
15N a4 2 || =
4] 88K 2 —C)
Va 1" >
m“g Itaw Y cAl
ceramic C3
et || 4[ca
IN4387 ) 105F
VARACTOR Op

Fig. 6.25. The circuit of the tripler. Cl, 70pF max.
ceramic; C2, 10pF max.; €3, C4, [0pF beehive; €35,
two I'* digm. dises, approx. /4" apart: D1, IN4387
Varactor diode; L1, 3% turns 16 s.w.g. 12" diam. (0.2
uH); L2, 2 turns, 16 s.w.g. 4" diam. (0.06 uH); L3, 2",
16 sw.g Ld, 3", %" o.d. brass tube; R1, 68 K ohms
%% watt.
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Construction and Alignment

The complete circuit of the multiplier is shown
in Fig.6.25 and by now should need no further
explanation. The unit is built in a copper box 8" long
by 1%'* square, brazed or soldered up from 16 to 18
s.w.g. sheet. A partition 2%'" from one end forms two
compartments, the Varactor with its input and idier
tuned circuits being mounted in the smaler one, while
the longer compartment forms the output cavity. Fig.
6.26 shows the layout and leading dimensions, but
these are not critical provided that the output cavity
dimensions are not varied too much, consequently &
detaited metalwork drawing is not given. A 4%'" x 3%"
x 2" Eddystone diecast box with the cavity formed by
a copper partition would undoubtedly work just as
well,

Setting up the multiplier requires, in addition to
a source of r.f. at 2m, an absorption wavemeter 1o
cover 288 and 432MHz, and a good dummy load or
r.f. power meter. With the load connected to the
Varactor output, apply about 10 watts of r.f. to the
input and peak up the input circuit {C2, L1 and C1)
for maximum absorbed power, using the 2m trans-
mitter p.a. anode current meter as an indicator, Next
set the wavemeter to 288 MHz, and bring a probe,
loosely coupled to it, near to the junction of L2, C3
and adjust C3 for maximum idler voltage at this point
{i.e. L2, C3 in series resonance). These first two steps
can be carried out more rapidly if a g.d.o. is used
initially to set the input and idler to the correct
frequencies.

CHAPTER 6

set the idier to sories resonance by the method
suggested above, it is best left alone, and subsequent
alignment confined to the input and output circuits. if
a reflectometer is available, it may be used to adjust
C1 for optimum match to the feeder cable, again at
the proper power, in practice, adjustment of C1 so
that the 2m transmitter p.a. does not detune as the
coupling loop is brought in, seems to be satisfactory.

After a short period of operation at full power,
check the Varactor stud temperature. At the
rmaximum allowable r.f. input level of 40 watts, the
IN4387 wil! produce about 25 watts of r.f. output and
will, therefore be dissipating 15 watts as heat; at this
dissipation the maximum permissible stud temperature
is 100°C. The box shown in Fig.6.26, if made of 16
s.w.g. copper, will have a thermal resistance of about
5°C/watt in free air, and at 15 watts will therefore
hold the Varactor stud at 100°C in an ambient of
2B°C. This, of course, is on the limit of the device
rating, and is uncomfortabiy hot in any case, so it is
recommended that the tripler unit be mounted to a
thick copper or brass bracket bolted directly on the
Varactor stud.

The power levels quoted above are c.w., and in
fact the Varactor may limit, due to reverse voltage
breakdown, at a power level slightly above the
manufacturer's rated maximum, This means that
although the IN4387 or BAY96 will produce 25 watts
of c.w. power, the peak power level attainable will not
be much more than this. With the IN4387 it is
necessary to reduce the input power from 40 to 20

=i 8" — 4EAE;.D.H%TIHG
- If5" 5CR
21— LOCKNUT
CRI Al J
L3 4
o O “@
L34« L4
@ L2 L7y
@2 Ll |
I — s = ¢
oUTEYT "LOOP K16 s¥G coPper sox
114" LONG — 1¥2"x 142" x 6" OVERALL
INPUT IS QUTPUT
144 Mc /5 432 Mc/s
Fiz.6.26. Layout and

principal dimensions of the
70cm Varactor tripler.

Next, peak up C4 and C5 for maximum r.f. out,
uging the wavemeter to confirm that this is on 432
MHz and not 576 MHz. With the cavity dimensions
shown, the plates of C5 will be about 4¢" apart. Now
increase the power level in steps, readjusting the
trimmers each time because of the changing Varactor
capacitance which forms part of the input, idler and
first output tuned circuits. It will be found that
correct adiustment of the idter circuit produces a peak
in the output power, but this is not a reliable way of
adjusting the idler since a number of spurious peaks
will occur if C2 is varied over its range, owing to
interaction between the various tuned circuits. Having
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watts in order to produce reasonably symmetrical 100
per cent a.m. This dicde, which is a graded-junction
step recovery device, will, in fact, multiply an a.m.
signal very well with good linearity, but the abrupt
junction types, such as the BAYG6 detune more
rapidly with changes of drive jevel, and would
probably be slightly less satisfactory for a.m. use.
Phase or frequency modulation is cheaper to
achieve and more suitable (because of wvoltage
breakdown and hence peak power limitations) for
Varactor and transistor transmitters. Furthermore,
when it is fully appreciated by amateurs that future
transistor field day transmitters provide a choice of 8



watts f.m. or 2 watts a.m, at 70cm for exampie, f.m.
may become a littie more popular. If it is necessary to
use a.m. with a Varactor tripler, it is advisable to tune
it up with a 100 per cent sinewave modulated signal at
the normat power level while watching the
demodulated envelope on an oscilloscope. Look for
peak clipping, and for discentinuities in the scope
pattern due to dynamic detuning as the appiied power
varies, over the modulation cycle. These can be
eliminated by adjusting the input power level and
finding a compromise setting for the input tuned
circuit. These complications are unnecessary, of
course, with n.b.f.m.

An Afternative Design
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Fig.6.27. The 70cm tripler circuit. L1, 6 turns, 18
SWE %" diam., /2" long; L2, 3 turns, 14 s.w.g. /4"
digm. %" long; L3, 18 s.w.g, shaped as shown, and

spaced %" from L4, Y. o.d. 340" id. copper tube 4%
long; L5, 18 s.w.g., as drawing, spaced 4 from L4,

Another type to that just described is based on a
standard diecast box. The circuit is very similar,
except that the high Q filter consisis of a tuned
guarter wave fline, shown as L4 in the diagram
{Fig.6.27). The Varactor used is a BAY96 and with 15

Ll
. 4!0'8 Zom

OUTPUT

Fig. 6.28. Layout of the tripler in the diecast box. The
diode is bolted directly to the base. CR1 shows
position of the diode.
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watts input, 9 watts output can be expected when
properly adjusted.

Good quality amplitude speech can be passed
through this multiplier provided the peak percentage
modulation of the drive is held to about 80%
maximum, The procedure for setting up and alignment
is the same as for the previous unit,

MODULATION

There are many methods of impressing speech or
other audio frequencies on an r.f. carrier, Those
normally used are:-

Amplitude modulation in which the audio
frequency varies the amplitude of the r.f. output.

Freguency modufation - in this case the actual
frequency of the carrier is varied at the audio
frequency.

Single sideband - this is a special type of
amplitude modulation where the r.f. carrier is not
radiated, nor is the unwanted sideband but the carrier
has 1o be re-inserted at the receiver.

Amplitude modulation is the most widely used
method in amateur communication on the v.h.f. and
u.h.f. bands. It is probably the easiest system to
operate but it does have a strong disadvantage that it is
relatively expensive both in terms of power consumed,
as well as size and weight of the equipment.

In addition, valves and semiconductors have to
be derated to allow for the peak voitage swings that
must occur, and this is particularly important in
semiconductors because of their sensitivity to over
voltage which can permanently damage them. The
valve can sustain substantial over voltage temporarily
without being permanently damaged.

No matter what system Iis empiloyed, the process
of modulation produces additional frequencies above
and below that of the carrier wave. Thus, the
modulated carrier wave consists of a band of
frequencies as distinet from the single frequency of
the carrier. The bandwidth depends upon the
modulation system and the frequency of the
modulating signals.

The bands of frequencies produced above and
below the carrier wave frequency by complex
modulating signals {i.e. composed of many different
frequencies as in speech or music) are known as the
upper and lower sidebands respectively. [n the case of
amplitude modulation the highest sideband frequency
is equal to the sum of the carrier frequency and the
highest modulation frequency, similarly the lowest
sideband frequency is the difference between the
carrier frequency and the highest modulation
frequency. Thus the total bandwidth occupied is equal
to twice the highest frequency in the modulating
signal. For axampie, if the highest frequency in the
modulating sighal is 15 kHz and the carrier frequency
is 1000 kHz. The sideband will extend from 1015 kHz
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to 985 kHz. The total bandwidth cccupied is therefore
30 kHz.

Modulation Depth

The amplitude-modulated wave is shown
graphicaily in Fig.6.29. Here (a) represents the
unmodulated carrier wave of constant amplitude and
freguency which when modulated by the
audio-frequency wave {b} acquires a varying amplitude
as shown at {c}. This is the modulated carrier wave,
and the two curved lines touching the crests of the
modulated carrier wave constitute the modulation
enveiope. The modulation amplitude is represented by
either x or y {which in most cases can be assumed to
be equal) and the ratio of this 10 the amplitude of the
unmodulated carrier wave is known as the modulation
depth or modulation factor. This ratio may also be
expressed as a percentage. When the amplitude of the
modulating signal is increased as at {d}, the condition
{e) is reached where the negative peak of the
modulating signal has reduced the amplitude of the
carrier to zero, while the positive peak increased the
carrier amplitude to twice the unmeodulated value.
This represents 100 per cent modulation, or a
modulation factor of 1.

OYER=MODULATION

M '1

100%
MODULATION

MOOULATION
ENVELOPE

RF

(a) (c) (e) (g)

MODULATION ___
VOLTASE

{b) (d) (1)

Fig.6,29. Graphical representation of an amplitude
modulated wave.

Further increase of the modulating signal
amplitude as indicated by (f} produces the condition
{g) where the carrier wave is reduced to zero for an
appreciable period by the negative peaks of the
modulating signal. This condition is known as
over-moduiation. The breaking up of the carrier in this
way causes distortion and the introduction of
harmonics of the modulating frequencies which will be
radiated as spurious sidebands; this causes the
transmission to occupy a much greater bandwidth
than necessary, and considerable interference is likely
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to be experienced in nearby receivers. The radiation of
such spurious sidebands by over-modulation
{sometimes known a3 splatter or spitch] must be
avoided at all costs.

Modulation Power

In the special case of a sinusoidal modulating
signal corresponding to a single pure tone, it can be
proved mathematicatly that the effective power in
such a wave at 100 per cent modudation is 1.5 times
the unmodulated carrier power. Thus, in order to
modulate the carrier fully with a sinusoidal wave, the -
average power in it must be increased by 50 per cent.
This extra power must bez supplied from the
modulator. For example, to modulate fully a radio
frequency stage operating with a d.c. power input of
160 watts, the amount of audio frequency power
required would be 75 watts.

It must not be assumed, however, that the aerial
current of a fully modulated transmission will increase
by 50 per cent. The relationship between ths
modulated and unmeodulated aerial current for
sine wave modulation is given by -

2
m
= +-—
im={o | 5
where Im = r.m.s. value of modulated aerial
current
lo = r.m.,s. value of unmoduiated aerial
current

m = modulation factor
Thus, for 100 per cent modulation by a sinusoidal

signat -
Im=lo *\H + %
=1.226 lo
In other words, the aerial current will increase by 22.6
per cent.

The position is somewhat different when the
modulating signal consists of the *'peaky” waveform
of speech. Assurmning that the peaks drive the
transmitter into full modulation, the 22.6 per cent
increase will occur at these peaks, but for most of the
remainder of the time the modulation depth is much
fower; the increase in aerial current will also be much
lower.

Effect of Madulation on Aerial Current

Depth of Ratio: a.f. power: Increase in
modulation d.c. power aerial current
{per cent) {per cent}
100 0.5 22.6
90 0.405 186
80 0.32 15.1
70 0.245 115
. 80 0.18 8.6
50 0.126 6.0



The average modulation depth when the peaks fully
modulate will be of the order of 30 per cent, and the
average increase in aerial current as seen on a typical
ammeter will then be only a few per cent.

Modulation depth may also be expressed in terms
of the a.f. power actually supplied and the
unmodulated d.c. power supply to the modulated
stage; thus -

m S /2A/W
A = a.f. power supplied,

W = d.c. input power,

The table gives the wvalues, calculated from the
expression, for the amount of a.f. power required for
various depths of modulation. It will be seen that to
produce 70 percent modulation requires only one half
of the af power required for 100 per cent
modulaticn. The corresponding increases in aerial
current are shown in the same table.

where

Linearity of Modulation

Ideally, for all modulation depths up to 100 per
cent the difference in the amplitudes of the r.f. output
batween the c¢rests and the troughs of the modulation
involved should be proportional to the amplitude of
the modulating signal, ie. the modulation
characteristic should be linear.
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MODULATION VOLTAGE

Fig.6.30 The ideal modulation characteristic is a
straight line. Often the actual characteristic is found to
be non-linear, and the form of non-linearity shown
here is due to the fadlure of the r.[. voltage {or current)
amplitude to rise fo twice its normal value at the
positive peaks of the modulating signal.

Non-linearity s most often manifest as a
flattening of the crests of the moduiation waveform,
and this causes considerable distortion. It may be
minimized by careful design and correct adjustment of
the modulated stage, particularly with respect to the
amount of r.f. grid drive and the aerial loading. Linear
and non-linear modulation characteristics are shown in
Fig.6.30.

Bandwidth of a Modulated Wave

For the faithful reproduction of speech and
music it is necessary to transmit frequencies in the
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whole range of the audio spectrum (i.e. approximately
40-15,000 hertz per second). The total bandwidth for
this purpose would therefore be 30 kHz. For a
communication system, however, it is the
intelligibility and not the fidelity which is of prime
importance, and experience has shown that for the
intelligible transmission of speech it is sufficient to
transmit frequencies up to about 2.5 or 3 kHz. Thus,
the transmitted bandwidth need not exceed
approximately 5 kHz. In the overcrowded conditions
of the present day amateur bands it is obviously
important to ensure that no transmission occupiss a
greater bandwidth than is necessary for intelligible
communication.

Modulating Impedance

The impedance that an r.f. stage which is being
modulated presents to the source of the modulating
signal, i.e. the modulator, is called modulating
impedance, it is the ratic of the anode voltage and
anode current of the r.f. stage or

zZm =‘|’?a x 1000 ohms

Zm = madulating impedance

Va = anode voltage of r.1. stage

la = anode current of r.f. stage
{in mA)

where

Mathematical Representation
of Sidebands

The mathernatical equation for a carrier wave of
constant frequency which is amplitude-modulated by
a signat of constant freguency is -

e = Eg (1 + musin 27 f.t) sin 27 fet
m = modulation factor

fm = frequency of modulating signal

fc = frequency of carrier wave

Eo = amplitude of unmodulated carrier
This equation may be expanded, giving -

E
e = Egsin 27fc.t + m—29- cos 2 {fc - fm )

E
t-m -5‘2 cos 27 (fc + fm)t

Inspection of this expanded form shows that it
is made up of three separate terms. The first, Eq sin 2

r fc. 1, represents original carrier, while m —é‘-’- cos 2

7 (fe-fm)t and m ?o

where

cos 2 m {fc + fm)t correspond

to the lower and upper sideband frequencies
respectively which are the result of applying a
moedulating signal of frequency fm. The total
bandwidth of this amplitude modujated wave is {fc +
fin} — (fe — fm) or 2fm; i.e. the bandwidth is equal to
twice the modulating frequency.

It should be noted from the last equation that
the carrier wave is not fundamentally essential to
communication since all the inteiligence is contained
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in the sidebands. The carrier wave can therefore be
suppressed and need not be transmitted; indeed it is
sufficient to transmit only one of the sidebands. This
method is often used and is known as single sideband
operation (ss.b.}). Although it reguires more
complicated equipment than ordinary amplitude
modulation, it has the obvious advantage of
transmitting the same intelligence within a smaller
bandwidth and without a carrier.

Typical Circuit Arrangements

For simplicity the diagrams show a single
tetrode but the arrangements apply equaily to the
double tetrode or triode r.f. amplifiers. Anode and
screen modutation of a tetrode is shown
diagramatically in Fig.6.31 {(a) and (b}. In {a} the
modulator is coupled to the r.f. pawer amplifier by a
modulation transformer which should either be of the

RF AMPLIFIER

~ BIAS VOLTAGE

MOCULATOR

{a) Transformer

RF AMPLIFIER

A AR
WAA il NN

R 3
oaﬁai
L [
Rx2 1Cx
~BIAS VOLTAGE < l
MODULATOR
__"_1 B
AUDIO :
INPUT - 4
2 T HT+
-
(b) Choke v

Fig 6.31. Anode and screen modulation, {a) Trans-
former method (b} choke method.
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correct ratio to match the relative impedances or a
multi ratio type so that the correct impedance match
can be chosen.

The screen supply with its dropper resistor R
may be connected to anode at point A or to an
appropriate tap on the modulation transformer or
choke at point B.

In {b) the use of a simple choke is shown, as a
means of impressing the modulation on the r.f.
amptifier. In this arrangement to obtain 100%
modulation it is necessary to reduce the voltage
applied to the modulated amplifier with respect to the
modulator. This is done by inserting BRx in the feed
line and Cx is provided to by-pass the audio round the
resistor.

The screen of the amplifier may be connected to
the point A or a tapping point B on the choke. This
method is generally only wused for low power
transmitters.

The modulation transformer has to match the
impedance of the amplifier to the specified modulator
load impedance, and that of the amplifier may be
found by:

Amplifier Impedance Za =% x 1000 ohms

Va = d.c. anode voltage
{a = d.c. anode current in mA.

where

Screen Modulation

The efficiency of screen modulation is lower
than anode or anodefscreen methods, the main
drawback being that the steady voltage must be
reduced so that under maximum excursions it does
not exceed the maximum rating for the valve. The
modulation depth cannot reach 100% and generally
75-80% is the maximum that can be achieved.

The modulation power howaever is very low and
only a few watts are required for maximum
modulation.

RF AMPLIFIER

RFC

— BIAS
VOLTAGE

HT+

MODULATOR

Fig. 6.32. Screen modulation,



Screen {Clamp Valve)
Modulation

When a clamper valve is used to limit the input to
an amplifier in the absence of drive, such as may occur
under keying conditions for c.w. this can be used for
modulation, by switching the control grid of the
clamper valve from the grid circuit of the amplifier to
the source of audio input from a speech amplifier

RF AMPLIFIER
rd
)-I
RFC
ik
3 >
1 d 3 VoL
L oy

W gE
PHONE

— s

AUDIO
INPUT

A A

Fig 6.33. Screen modulation using o clamp valve.

Screen {Series Gate)
Modulation

Probably the most satisfactory method of screen
modulation - that known as series gate modulation - is
boirh simple and effective. The advantages of this
method are:-

{(a) The standing power amplifier anode current can
be set to any desired level by the variable resistor
VR1 in the cathode of the first section of the
double triode series gate valve.

{b) Over-modutation on positive peaks cannot occur
because the audio input voltage applied to the
first section of the double triode wiH cause
limiting and thus the voltage applied to the
amplifier screen cannot rise too high.

{c) Splatter caused by break up of the carrier due to
over modulation on negative peaks cannot occur
because the screen voltage, which is set by the
pasition of VR1, cannot fall below this value. A
simple and effective means of speech clipping is
available by suitable adjustment of the audio
input voltage by the speech amplifier gain
contral and the standing amplifier screen voltage
as set by VR1.

{d) It can be appiied to existing cw. or n.b.f.m.
transmitters and to s.s.b. linear amplifiers, with
carrier inserted, when an a.m. signal is required.
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Fig.6.34. Series gate modulation,

With the circuit shown, the connections of the
cathodes of the series gate valve are returned to a
negative voltage. This is necessary to enable the full
screen voltage of the amplifier to be taken from the
cathode of the second triode of the series gate valve,
because of the voltage drop by the valve itseif. The
most satisfactory double triode for this use is the
12BH7.

An alternative arrangement would be to use a
higher h.t. voltage and to use a lower impedance valve
such as a triode pentode in which the pentods section
is connected as a triode. A valve such as the ECL82 or
ECL86 would enahle a much higher voltage gutput
available from the cathode to feed the amplifier
screen, without the need for the negative voltage,

HT+
2507300V @

TRIODE
PENTODE A
o—i oo [nas
AUDIO ‘E‘OS&;EEN
INPUT IO AMPLIFIER
. 3

Fig 6.35. Circuit of a series gate modulator using a
triode pentode valve with separate cathodes.

The chief disadvantage of the series gate circuit is
that due to the relatively high voitage output from the
cathode of the control valve, it is desirable to supply
the heater from an isolated supply in order to avoid
voltage breakdown between heater and cathode.
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A Practical Series Gate Modulator for a
QQVO06-40A Power Amplifier

The Series Gate Modulator for a QQV06-40A
double tetrode power amplifier is comprised of two
valves only and i shown in Fig.6.36. V1a is a
straightforward a.f. voltage amplifier feeding V1b, this
stage operating as a d.c. control valve and a.f, voltage
amplifier directly coupled to V2 which acts as a
cathode follower feeding the screen of the power
amplifier.

B6ALS
HT+
I ) ©350v
22 R32
)J I 47K:- .0
- /';'__ 5
2| = il
01 —g—=-- i
L G 2
o.0lm H
: amn
b l 3 s 3 V061404
Sl 2R2D2 W (OOK S{CNNEBE)N
SVRI SIK "PRF
250K
L& .
%ﬂUDIO INPUT
1Y RMS
300 ~ 3500 Hi

Fig 6.36. Circuit of a series gate modulator for @
QO VO6-404 vaive.

To appreciate the way the circuit works it is best
to consider it in two ways, the d.c. control function
and the a.f. modulating function. The d.c. control is
effected by V1b as follows. With no a.f. input to the
maodulator and with VR2 set to minimum resistance,
V1b has no bias and therefore a large voltage drop
occurs across RG, thus the anode voltage of V1b is
reduced to a very low value, spproximately +45V. As
the grid of V2 is directly coupled to the anode of V1b
the cathode of V2 is set at approximately +40V and so
the screen of the power amplifier is at the same
potential, thus the r.f. output is low. If now VA2 is set

10 maximum resistante then V1b is biased to
approximately cut off and therefore the anode voltage

of this valve rises to a much higher value than
previously, consequently the power amplifier screen
reaches approximately +250V and a large r.f, output is
available. By varying VR2 over the full range a very
convenient and effective power control is available.
The af. modulation operates in the following
manner. Assume that the grid of V1b is set to —1V by
VR2, then the d.c. voltage on the power amplifier
screen is low and the r.f. output is also low. With an
a.f. signal applied to C1 and amplified by V1a so that
it is of a value of 1V peak at the grid of Vib, this
signal will then be further amplified by V1b and fed to
the screen of the power amplifier through V2, the
cathode follower. This a.f. signal will now modulate
the low r.f. output to approximately 95%. If the a.f.

6.22

CHAPTER 6

signal is now increased grid current will flow in grid of
V1b and a negative charge will develop on C4
proportional to the peak vatue of the a.f. signai at this
point, This additional bias will cause the anode voltage
of Vib to rise and so the mean screen voltage of the
power amplifier will rise and the r.f. output will
increase. The increased a.f. signal that has caused the
increase in the r.f. output will also appear at the screen
of the power amplifier superimposed on the higher
rnean potential and the larger carrier is now modulated
to approximately 95%. The final result is a fully
modulated carrier controlled v.h.f. power amplifier.

The only critical components in the modulator
are C4 and R5 (1.5M] as these determine the period
that the increased screen voltage is retained once the
a.f. signal has disappeared and this is important with
speech signals. The optimum values are those given in
Fig.6.36. R9 must be located immediately adjacent to
pin 3 of the holder for the QQVOB-40A.

The switch in the cathode return of V1b permits
the screen voltage of the power amplifier to rise to the
maximum and is used for setting up or for c.w.
operation. The method of operation is to set S1 to
c.w. and tune the amplifier in the normal way. Set S1
to phone and adjust VR2 to give approximately a fifth
of the maximum r.f. output obtained in the c.w.
position. Apply the a.f. signal and set the gain control
VR1 so that the ampiifier anode current indicates 0.7
of the full c.w. anode current and this will ensure that
the amplifier is fully modulated.

A feature of this type of modulator is the very
wide audio response available. The particular circuit
shown here has been tested from 20 hertz to 12 kHz
and is subtantially flat, therefore any pre-amplifier
should restrict the input to frequencies of 300 to 3500
hertz, If no pre-amplifier is used then a low pass filter
should be inserted between the cathode of V2 and the
screen of the power amplifier,

FREQUENCY AND PHASE
MODULATION

When the frequency of the carrier is varied in
accordance with variations in a modulating signal, the
result is frequency modulation {f.m.}, Similarly,
varying the phase of the carrier current is called phase
modulation (p.m.}.

Frequency and phase modulation are not
independent, since the frequency cannot be varied
without also varying the phase, and vice versa, The
difference is largely a matter of definition.

The effectiveness of f.m. and p.m. for
communication purposes depends almost entirety on
the receiving methods. If the receiver will respond to
frequency and phase changes but is insensitive to
amplitude changes, it will discriminate against most
forms of noise, particularly impulse noise such as is set
up by ignition systems and other sparking devices.



Special methods of detection are
accomplish this result.

Modulation methods for f.m. and p.m. are simple
and require practically no audio power. There is also
the advantage that, since there is no ampiitude
variation in the signal, interference to broadcast
reception resulting from rectification of the
transmitted signal in the audio circuits of the
broadcast receiver is substantially eliminated. These
two points represent the principal reasons for the use
of f.m. and p.m. in amateur work,

required to

Frequency Modulation

Fig.6.37 is a representation of frequency
moduiation. When a modulating signal is applied, the
carrier frequency is increased during one half-cycle of
the modulating signal and decreased during the
halfcycle of opposite polarity. This is indicated in the
drawing by the fact that the r.f. cycles occupy less
time (higher frequency} when the modiwating signal is
positive, and more time (lower frequency) when the
modulating signal is negative. The change in the carrier
frequency {frequency deviation) is proportional to the
instantaneous amplitude of the modulating signal, so
the deviation is small when the instantaneous
amplitude of the modulating signal is small, and is
greatest when the modulating signal reaches its peak,
either positive or negative.

As shown by the drawing the amplitude of the
signal does not change during modulation.

. W AN
N 4

Fig.6.37. Graphical representation of frequency
modulation. (o) Unmodulated carrier wave. (b}
Modulating signal. (¢} Frequency modulated carrier
wave (ie. its frequency Is varied in sympathy with

(b)).

Phase Modulation

If the phase of the current in a circuit is changed
there is an instantaneous frequency change during the
time that the phase is being shifted. The amount of
frequency change, or deviation, depends on how
rapidly the phase shift is accomplished. It & also
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dependent upon the total amount of the phase shift.
In a properly operating p.m. system the amount of
phase shift is proportional to the instantancous
amplitude of the modulating signal. The rapidity of
the phase shift i directly proportional to the
frequency of the modulating signal. Consequently, the
frequency deviation in p.m. is proportional to both
the amplitude and frequency of the modulating signal.
The latter represents the outstanding difference
between f.m. and p.m. since in f.m. the frequency
deviation is proportional only to the amplitude of the
modulating signal.
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Fig 6.38. Variation in relative amplitude of the carrier
and the low order sidebands in a frequency modu-
lation system.

The amplitudes of the sidebands produced are
proportional to the modulation index; i.e. the
amplitudes of the higher order side frequencies (4th
and shove) increase from a value which is negligible
when the modulation index is 1.0 to appraciable
values when the modulation index is greater than 5.
The manner in which the sidebands vary is shown in
Fig.6.38 where their variation is plotted for values of
the modulation index up to 5, it will also be seen that
when the modulation index is 2.4, the carrier jtself
disappears, i.e. its phase reverses compared with the
phase when modulation 1is absent. Further
disappearances occur at higher values of modulation
index.

It follows therefore that the question of the
bandwidth required in the transmitter and receiver of
an f.m. systemn has not such a straightforward answer
as in the case of amplitude modulation.

in frequency modulation there is no condition
equivalent to over-modulation. An increase in the
amplitude of the modulating signal will merely cause
an increase in the deviation produced. In the case of
targe deviations this effect will of course introduce
difficult problems into the design of the r.f. circuits of
the transmitter and in the receiver, but these
conditions do not accur in amateur communication
equipment where the deviation is kept relatively small.
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At present the recommendations on the use of
frequency modulation by amateurs are as follows:

(a) The maximum deviation shatl not exeed
2.5 kHz.
{b) The maximum effective modulating

frequency shall be limited to 4 kHz
and the a.f. input to the frequency
modulator at frequencies higher than
4 kHz shall be not less than 26dB
below the maximum input at lower
frequencies.

{c} The carrier frequency shall be at least

10 kHz within the limits of the
frequency band in use,

The deviation ratic permitted is therefore 2.5
kHz divided by 4 kHz or 0.625. At this value, the
carrier and the first-order sidebands are appreciable,
and the second-order sidebands are almost smal}
encugh to be neglected while the third and higher
orders may be ignored. Therefore, to a first
approximation the bandwidth occupied may be
considerad as equal to twice the deviation or 5 kHaz. In
other words, it is roughly equivalent to the bandwidth
required for a ’‘‘communication-quality’’
amplitude modulated transmission. In contrast to the
large deviations used in high-fidelity broadcasting for
which an international standard of 75 kHz has been
adopted,

Comparison of F.M. and P.M.

Frequency modulation cannot be applied to an
amplifier stage, but phase modulation can; p.m. is
therefore readily adaptable to transmitters employing
oscillators of high stability such as the
crystal-controlled type. The amount of phase shift that
can be obtained with good linearity is such that the
maximum practicable modulation index is about 0.5.
Because the phase shift is preoportional to the
modulating frequency, this index can be used only at
the highest frequency present in the modulating signal,
assuming that all frequencies will at one time or
another have equal amplitude. Taking 2500 hertz as a
suitable upper limit for voice work, and setting the
modulation index at 0.5 for 2500 hertz, the frequency
response of the speech amplifier system above 2500
hertz must be sharply attenuated to prevent sideband
splatter. Also, if the “tinny” quality of p.m. as
received on an f.m. receiver is to be avoided, the p.m.
must be changed to f.m., in which the modulation
index decreases in inverse proportion to the
modulating frequency. This requires shaping the
speech-amplifier frequency-response curve in such a
way that the output voltage is inverseily proportional
to frequency over most of the voice range. When this
is done the maximum modulation index can only be
used at some relatively low audio frequency, perhaps
300 to 400 hertz in voice transmission, and must
decrease in proportion to the increase in frequency.
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The result is that the maximum linear frequency
deviation is only one or two hundred hertz, when p.m.
is changed to f.m. To increase the deviation for
n.b.f.m. requires a frequency multiplication of 8 times
or more.

It is relatively easy to secure a fairly large
frequency deviation when a self-cantrolled oscillator is
frequency modulated directly. {(True frequency
modulation of a crystal-controlled oscillator results in
only very small deviations and so requires a great deal
of frequency multiplication). The chief probiem is to
maintain a satisfactory degree of carrier stability, since
the greater the inherent stability of the oscillator the
more difficult it is to secure a wide frequency swing
with linearity.

Modulation Depth

Percentage of modulation in f.m. and p.m. has to
be defined differently than for a.m. Practically, 100
per cent modulation’” is reached when the transmitted
signal occupies a channel just equal to the bandwidth
for which the receiver is designed. If the freguency
deviation is greater than the receiver can accept, the
receiver distorts the signal. However, on another
receiver designed for a different bandwidth the same
signal might be equivalent to only 25 per cent
modulation.

In amateur work narrow-band f.m. or p.m.
{(frequently abbreviated n.b.f.m.} is defined as having
the same channet width as a properly modulated a.m.
signal. That is, the effective channel width does not
exceed twice the highest audio frequency in the
modulating signal. N.b.f.m. transmissions based on an
upper audio limit of 2500 hertz therefore should
occupy & channel not significantly wider than 5 kHz

F.M. and P.M. Sidebands

The sidetgnds set up by f.m. and p.m, differ
from those resulting from a.m. in that they occur at
integral multiples of the modulating frequency on
either side of the carrier rather than, as in a.m.
consisting of a single set of side frequencies for each
modulating frequency. An fm. or p.m. signal
therefore inherently occupies a wider channel than
am.

The number of extra sidebands that occur in f.m.
and p.m. depends on the reiationship between the
modulating frequency and the freguency deviation.
The ratio between the frequency deviation, in hertz,
and the modulating frequency, also in hertz, is calied
the modulation index. That is:

Carrier frequency deviation

Modulating frequency
Example: The maximum frequency deviation in

an f.m. transmitter is 2500 bhertz
gither side of the carrier frequency.
The modulation index when the

Modulation index =



modulating frequency is 1000 hertz is

g _ 2500 _
Modutation index 1000 25

At the same deviation with 2500 hertz
modulation the index would be 1, at
100 hertz it would be 25 and so on.

In p.m. the modulation index is constant
regardless of the modulating frequency; in f.m. it
varies with the modulating frequency, as shown in the
ahove example. In an f.m. system the ratic of the
maximum carrier-frequency deviation to the highest
modulating freguency used is called the deviation
ratio.

TYPES OF F.M. TRANSMITTERS

frequency modulated transmitters may be
divided into two broad classes:
(i} Those which use a quartz crysta! to
determine the centre frequency.
{ii) Those which operate by the direct
frequency wvariation of the master

oscillator.

Transmitters in the first category are, in general,
complicated in design and may involve the production
of a phase-modulated signal which is then converted to
a frequency-modulated one, the use of specially cut
crystals or complicated chains of phase shifters,
balanced modulators, frequency muitipliers and
mixers. However, they are capable of providing large
deviations at extremely high degrees of stability of the
centre frequency. For details, the reader is referred to
the standard works on frequency modutation.

In the second category, the frequency of the
master ascillator or v.f.o. is varied directly by placing a
variable reactance across the tuned circuit of the
oscillator. This of course implies that the frequency
stabitity of the oscillator itself must be as high as
possibie. The stability of the present-day
variable-frequency oscillator as used in armateur
transmitters is usually adequate, and this method of
producing frequency modulation is therefore the one
best suited to amateur use.

The Variable-Reactance Valve
Modulator

The basic circuit of the variable reactance or
reactor type of modulator is shown in Fig.6.39.
Essentially it consists of a valve connected across the
tuned cireuit of an oscilator in such a way that it
behaves like a variable capacitance or inductance. In
the circuit shown, a potentiometer consisting of
a capacitor, C2 and a resistor R in series is connected
from anode to earth and also, of course, across the
tuned circuit. The centre point is taken to the grid of
the valve. Provided that the resistance R is large
compared with the reactance of C2 at the resonant
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frequency of the tuned circuit, the grid will be fed
with & voltage which is very nearly 90° out of phase
with the voltage at the anode. A similar phase-shift but
of the opposite sign may also be obtained by
interchanging C2 and R, in which case the reattance of
C2 would need to be large compared with the
resistance R.

Since the anode current of a valve is in phase
with its grid voltage, the current flowing through the
reactance valve is 90° out of phase with the voltage
across the tuned circuit due to the 90° phaseshift
introduced by the combination of C2 and R. Since the
vaive current also flows through the tuned circuit, the
current through the tuned circuit is 90° out of phase
with the voltage across it, which is equivalent to the
result produced by connecting a reactance across the
tuned circuit. This reactance may be either capacitive
or inductive according to the configuration of the RC2
potentiometer. |n the arrangement shown in Fig.6.39
the reactance will be inductive, while if R and C2 are
interchanged, the reactance will be capacitive, In
either case, the effect of this reactance will be to
change the resonant frequency of the tuned circuit.

c3
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C2T

APAN
n

i
v

Fig.6.39. Basic cireuit of a variable-reactance modu-
lator. LCI is the tuned circuit of the master oscillator,

The value of the reactance thrown across the
tuned circuit and hence the change in resonant
frequency will obviously depend on the value of the
anode current of the reactance valve, in other words it
will depend on the voltage applied to the grid of the
valve. Thus the variahle reactance valve presents a
simple means of varying the frequency of an oscillator
in sympathy with an a.f voltage applied to the agrid of
the reactance valve. The amplitude of the grid voltage
will govern the magnitude of the change in frequency,
i.e. the deviation produced will be determined by the
amplitude of the modutlating signal and the rate at
which the oscillator frequency is varied will be-equal
ta the frequency of the voltage applied.

A reactance valve modulator may be used with
any type of oscillator. It is normally connected
directly across the tuned circuit of the oscillator as
shown in Fig.6.39 although in the case of a
series-tuned circuit, such as the Clapp oscillator, it
may be connected across the tuning capacitor.

Almost any tetrode or pentode valve will
function as & reactor in this manner. Since the reactor
is @ voltage operated device, a voltage-amplifying type
is required rather than a power type. The long grid
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Fig.6.40. A typical reactance valve modulator. CI1 - 47
gm'c) C4, C9, Cil1- 0.01 uF C5, C7 - 0.1 uF C6 - 0.001-0.005 uF {mica) C8, C10 - 47 pF {mica)

350V (electro

_____________________ -

F (Ceramicon) C2 - 25 uF, 25V (electrolytic) C3 - 8uF,

RFC - 2.5 mH r.f. choke VI - EF91, or equivalent, V2 - EF92, or equivalent, RI - 4.7 K ohms, W, R2 - IM
ohms, YW, R3 - I K ohms, 4W, R4 - 220 K ohms, %W, R5 - R9 - 10 K ohms, %W, R6 - R12 - I M ohms, %W, R7
- 0.5 M ohms potentiometer (linear), RS - 100 K ohms, %W, R10 - 2.7 K ohms, %W, R11 - 2.2 K ohms, J4W.

base of the veriabie-u valve is reqguired for optimum
performance. Alternatively, a hexode or similar
multi-grid valve may be used, and the r.f. voltage from
the reactance potentiometer and the a.f. voltage from
the speech amplifier can then be applied to different
grids. In this way, there is less risk of instability which
could be caused by feedback bhetween the r.f.anda.f.
circuits. 1t will be realised from the foregoing account
of the operation of reactance modulators that the
sensitivity of the reactor stage will be dependent on
the mutual conductance of the reactor valve, i.e. the
higher the mutual conductance the greater will be the
change in anode current and hence in deviation for a
given input wvoltage to the grid. The reactor must
therefore be chosen with regard to the degree of a.f.
amplification available or intended. tn the interast of
overall stability and ease of adjustment a valve having
low or medium mutual conductance is generally to be
preferred.

In the potentiometer arrangement shown in
Fig.6.39 the capacitor C2 may conveniently consist of
the input capacitance of the reactor valve plus the
stray capacitance st this point, although of course no
adjustment of C2 is then possible and the control must
be effected by varving the resistance R. C3 is merely a
d.c. blocking capacitor.

The h.t. supply to the reector and associated
circuits, i.e the speech amplifier and the v.f.c. must be
very well smoothed to prevent the production of
spurious amplitude and frequency modulation at the
h.t. ripple frequency and also any unwanted change of
mutual conductance of the reactor valve. Likewise
great care must be taken with the layout 1o prevent
hum pick-up.

A Practical Reactance Modulator
The circuit of a typical reactance valve
modulator is shown in Fig.6.40. This consists of two
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stages, a speech amplifier, V1 and a reactor valve V2,
The speech amplifier is intended for use with a crystal
microphone or other jow-output type and is therefore
designed to have a high gain. The microphone input is
shielded right up to the grid of V1. It would be
advisable to reduce the gain of the first stage if a
high-output microphone is used. The reactor stage V2
is a pentode having a variable-u characteristic. The
phase-shift network consists of the resistor R2 and the
stray capacitance between the grid of V2 and earth,
i.e. the input capacitence of V2 plus the wiring and
valve-holder capacitances. The a.f. input to the reactor
is controlled by the potentiometer 2. This cantrol is,
of course, the deviation control. A certain amount of
top cut is introduced by the capacitor C6 shunting R7,

ce
'_
R9 V2
4.5V
- 3ok _me | T
= Fe—pw
— ] ]
V 4.

Fig6.41. Test circuit for determining the static
characteristic of a variable-reactance modulator. V2
must be isolated from the speech amplifier. The circuit
components are identical with those shown in
Fig.6.40,

C8 and C10 are blocking capacitors. The cutput lead
which connects to the tuned circuit of the v.f.0
should be rigid and as short as possible to prevent any
unwanted variation of the frequancy. Altematively
coaxial cable may be used if the length of the lead
axceeds an inch or two. With care and by the use of
miniature components, the whole unit can be mada on



a wvery small chassis so that it may be located
conveniently close to the v.f.c. The screening afforded
by the chassis should be as effective as possible and
the h.t. supply (160v) preferably should be stabilized
by a voltage regulator tube such as the VR150/30 or
OAZ

In setting up the raactor stage the first step is to
determine its characteristic, i.e. the relationship
between the voltage applied to the grid of the reactor
and the resulting deviation of the frequency of the
v.f.0. This may be done quite simply by isolating the
reactor and applying a variable d.c. voltage to its grid
as shown in Fig.6.41. The frequency of the v.f.o. must
first be measured by an accurate frequency meter,
zero voltage being appiied to the reactor grid. When
the grid voltage is increased, the frequency of the
v.f.o. will be found to change. The change in
frequency for a known change in grid voltage should
be measured by the frequency meter, this should be
continued up 10 a maximum frequency deviation of
about 4 kHz or so. Next, the polarity of the battery
from which the grid voltage is obtained should be
reversed and the st repeated. Frequency changss in
the opposite direction should now be obtained. The
results should be plotted on a graph and the curve
produced should be found to resemble that shown in
Fig.6.42. The characteristic should be reasonably
tinear over a total frequency swing of 5-6 kHz.
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VOLTAGE APPLIED TO CONTROL GRID OF
REACTOR VALVE

Fig 6.42. Static characteristic of the reactor valve of
the n.b.f.m. unit shown in Iig, 6,40,

Simple Frequency Modulators

A very simple method of achieving frequency
maodulation of an oscillator is shown in Fig.6.43. This
circuit was originally used for making small frequency
deviations (100-200 hertz) of commercial cuwv,
transmitters and it is quite similar in operation 1o the
reactance modulator. A smali variable condenser C2 is
connected across the tuned circuit of an oscillator
through s diode V1. Variation of the current through
the diode will vary the shunting or detuning effect of
C2, and thereby the resonant frequency of the tuned
circuit will be varied. The current through the diods is
maodulated by the application of an a.f. voitage to the
anode of the diode,

TRANSMITTERS

R2
B — —\ =0 HT+ 150V
220K
C3
cl
0-0l
AF INPUT

Fig.6.43. Simple frequency modulator having a
reasonably linegr characteristic over small deviations.

C1, L - tuned circuit of v.f.q.

C2 - 3-30 pF trimmer

C3-0.01 uF

V1 - EABO or D1 {alternatively, double diode with
sections paralieled)

R1-47 K ohms, 12 W

R2 -220 K ohms, % W

R3-22 Kohms, W

The value of C2, tan be adjusted to give the
required deviation on each band. Preferably, the
characteristics should be determined as described
The linearity given by this arrangement,
is adequate over the small

required

earlier.
although not good,
frequency deviation
communication purposes.

for amateur

VFQ OR
CRYSTAL

e

Fig 6.44. A basic circuit which shows the minimum
requirements of a variable capacitance diode suitable
Sfor applying to a v_.fo. or crystal osciliator.

The valve diode in this circuit may be replaced
by a semiconductor diode or a variable capacitance
diode. The latter will be more satisfactory but most
other types display variable capacitance
characteristics. The operating point should be chosen
to suit the capacitance variation required, this can be
set by applying an appropriate bias voltage to the
diode.

Typical Frequency Modulators

The following typical circuit arrangements have
been in use for a number of vears and very satisfactory
results have been achieved. Reference is given to the
emateurs who have developed and used the individueal
circuits for use on the 144 MHz band.
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oliowing circuits the operation may be

summatrised as follows:-

BMHz

Circuit Modulation Method

6.45 Variable capacity diode in series with
capacitor across the crystal.

6.46 Variable capacity diode in series with
capacitor across the crystal.

6.47 Reactance valve across an inductance in
series with the crystal.

6.48 Reactance valve applied to the crystal
oscillator anode circuit.

6.49 Reactance valve applied to the crystal
oscillator anode circuit.

6.50 Audio modulation of anode voltage of
the variable oscillator and frequency
variation produced by this voltage
change on the oscillator.

6.51 Varisble capacity diode applied to
crystal oscillator output.

HT+ 150V

REGULATED
005

MEe 3an

IOOpF T

-

 aMHz

Fig.6.45. A variable capacitance diode modulator by
G6AG. In this arrangement the varichle capacitance
diode is in series with a fixed capacitor and the
operating bias voltage is provided from a potential

divider.
HT+ o OSCILLATOR
e I 4
270K 3 I“)‘F
off
v 12MHz Tz
I0OK2 an20
o0l 3 pF } 3
-’—'I'—1 <S4
AUDIO > 3
INPUT :""] veD

Fig. 6.46. A variable capacitance diode modulator by
GG6RH. Bias voltage is provided from the potential

divider.
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Fig,6.47. Reactance Valve Modulator by G6TA. In
this circuit the inductance in series with the crystal is
varied by the reactance valve so caqusing frequency

variations.
HT+ o A
250V 47K - L
: N o-cnI
22K% - 12
b3 Va MHz ¥
47pF
12AT7 -1 3-3pF = IO0pF
- T,
ég:- ( 8
33K
> L.
247K RFC <
3 120554 SRk ’1
47 0= i
pF 001 25 >560
T 1+5K :I' PFT 2 ‘:jIOOOpF
=

AUDIO
INPUT 22K | ' SOOK

Fig 6.48. Reactance valve modulator by G3EDD using
a double triode. In this figure and the next there is no
direct action on the crystal itself.

HT+ o

AR A P

250V

I

'Eloox

o

£
-

SMHz

AUDIO
INPUT

e
Fig.6.49,

Reagctance

Valve

Modulator

iO-OI

27pF

¢ —
-—1-\
2pF

[ = L L]

by

GIAWS/G3SLF using double triode as combined
crystal oscillator/modulator.



MODULATION TEANSFORMER

10K 3

- 50
= pF
Efs-ak
l l lo-oai
Z1500
/1
) 5001 0-00i -
4|IT£.INII5 16 SWG EF91 EF91 "
112" pa

Fig 6.30. Direct frequency modulation of a Franklin
variable frequency oscillator by GZ2HCG. In this
arrangement the qudio modulation is applied to the
anade voltage of the oscillator valves.

AN e+ |3V
won

—
r

Fig.6.51. In this circuit g transistor oscillator is phase
modulated by a variable capacity diode, a deviation of
about 5 kHz is usually possible at an output frequency
of 145 MHz.

L1 = 31 turns close wound 26 s.w.g. 7 mm former slug
tuned.

This coai! will cover 12 MH2 crystal frequency with

the normal slug, but if an 8 MHz crystal is to be used

a coil with suitably increased turns will be needed.

In the first three circuits and the last but one the
medulation is by direct frequency variation of the
oscillator and may be regarded as pure fregquency
modulation, In the fourth and fifth circuits the
modulation is by change of frequency of the anode
circuit by phase change and is strictly a form of phase
moduiation and it is necessary in this type of circuit to
make sorne frequency correction of the audio output,

TRANSMITTERS

The general form taken by the first two circuits are
probably the most useful for the amateur. Some care
is, however, necessary in setting the bias required for
the best linearity and this will vary with the diode
used. The bias for these diodes will generally be in the
region of 4 to 5 volts which can usually be obtained
by a potential divider across the oscillator anode
supply.

Any of the other circuits will give satisfactory
results but they are obviously rather more compiex,
but nevertheless can be relied upon to give very
adequate modulation and, when properly adjusted,
only slight detuning from the carrier frequency is
needed when using an a.m. detector on the receiver.

A LOWPOWER TRANSMITTER
for 70 and 144 MHz

This is a description of a simple two band
transmitter, the band changing being accormplished
merely by changing crystals and resetting the tuning
controls, The block diagram in Fig.6.52 illustrates
the principle involved.

Circuit Details

The circuit diagram is shown in Fig.6.53. The
crystal oscillator stage uses a Z77 pentode. The anode
coil is wound on a " diameter Aladdin former
without a dust iron core {see coil table} and is tuned
by a 100 pF tuning capacitor C1 of 10 pF minimum
capacity, 2 Jackson Bros type C804.

The crystal oscillator circuit used is very stable
and keys well, as shown, in the cathode lead. A test
point is provided at the earthy end of the grid leak so
that oscillation of the crystal may be checked by
connecting a 0.1 mA meter between the test point and
chassis across the 2.2K ohms resistor. A current of
about 100 gA will be indicated when the crystal js
oscillating,

The first tripler stage uses a 6CHS valve which is
provided with some cathode bias to limit the anode
current to a safe value under key-up conditions. A 0-2
mA meter is included on the transmitter panel for
measuring grid currents in the tripler and p.a. stages. A
five-way rotary switch connects the meter with the
appropriate grid circuits; the first tripler grid current
being indicated when the switch is in position 1.

A push-pull output is obtained from the anode
circuit of the GCH6 tripler and circuit balance is
preserved by the 4.7 pF capacitor connected between
earth and the end of the tuned circuit rermote from
that ta which the anode is connected. The centre tap
of the anode coil is by-passed to earth and h.t. is
supplied through a 220 ohm decoupling resistor. The
tuning capacitor C2 (Jackson Bros type C801) is very
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BAND CRYSTAL €0 ANODE Ist TRIPLER ANODE  2nd TRIPLER ANODE PA ANODE
anm  TONHz 7-8 MHz 234 MHz 70.2 MHz 70.2 MHz
Zm  BO0MHI 16-0 MHz 4870 MHz I44-0MHz 144-0 MKz

# PUSH-PULL + PUSH-PULL 'b ’
OSCILLATOR TRIFLER TRIPLER AMPLIFIER
cRYSTAL ) )#: B f B
A KEY A
CRYSTAL

T MICRCPHOME 5
F o USH-PULL
SUPPLY » D_ AMPLIFIER F———  opysaToR

Fig.6.52. Block diagram of the 2N4 transmitter. Band changing is achieved simply by inserting an appropriate
crystal and resetting four tuning capacitors.

A A

2.2K

r—b—ESV

a7k T724
1 QOV0C3-10

‘b
seK 3

E:
 2-2K%
>

L IOO0PF O—I50ma
) 2 F A ANODE
56K3
> 68K 6-8K | BUNg OHmE 0:2?52; ’
CRYSTAL : BuF + 8uF

MICROPHONE

@ coKs T
12AT7 ] ©-02 H
'°K1. B30%
1

5V
AC

2 n 5X635

B
;,UF
JELEE T

= |GLtF
M2 THORDARSON
3 ,é; 3 TYPE 6759
H ) | TYPE 230 3(cT)el
< < 1: 3.5(CT) {10k TO 3K)
>~ 3

SEND / RECEIYE
RELAY
ALA
I | I 1

Fig.6.53. The complete transmitter circuit. C1, 10-100pF Jackson Bros C804. C2, 10-100 pF Jackson Bros
C801, with vanes removed to leave 7 rotor and 7 stator vanes. C3, 5-70 pF Jackson Bros C808, with vanes
removed to leave 8 rotor end 7 stator vanes per section. C4, 5-70 pF Jackson Bros C808, with vanes removed 1o
leave 5 rotor and 6 stator vanes per section. The modulation transformer used is an American Thordarson type
6759 matching 10 K ohms to 3 K ohms. The key jack socket in the cathode lead of the Z77 must short circuit
when the plug is withdrawn.

MODULATED—F
HT

He

AUXILIARY EQUIPMENT
4« PIN SOCKET ON FROMT PAWEL

METER

5
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similar to that used in the oscillator anode circuit, but
is of the pre-set type to which an insulated shaft has
been added. Soame vanes have been removed so that
seven fixed and seven moving plates remain.

The second tripler stage is of the push-puli type
and uses a QQV02-6 valve which has very low input
and output capacities allowing a reasonable L to C
ratio to be maintained on both 2m and 4m, Cathode
bias is provided tc limit the anode current to a safe
value under key-up conditions. The grid current of
gach half of the valve may be checked by setting the
grid current meter switch to positions 2 and 3. The
screen grid feed to the valve is taken from a
potentiometer so that the drive to the p.a. may be
controlled. Because the dynamic resistance of the
tuned circuits is much lower on 4m than 2m, the
drive, which is sufficient on 4m, is excessive on 2m
and may be reduced to the correct value by adjusting
the screen potentiometer accordingly.

The push-pul! anode circuit of the second tripler
is tuned by a split stator capacitor C3, a Jackson Bros
type CBO08, 5490 pF, stripped down so that it has eight
moving and seven fixed piates per section. With the
capacitor thus modified the circuit just covers the
range necessary to cover both 4m and 2m.

The push-pull p.a. stage uses a QQV03-10 twin
tetrode valve. Battery bias of — 15 volis is used
although a small negative hias supply derived from the
mains could be used instead. Grid current in the two
halves of the valve may be measured by setting the
meter switch to positions 4 and 5. A Tune-Run switch
arranges for the screen voitage of the p.a. valve to be
reduced while tuning up the transmitter. Anode and
screen modulation is used and the anode current of
the p.a. is measured on a O to 150 milliammeter.

The tuning capacitor in the anode circuit of the
p.a. is of the same split stator type as in the previous
stage but with only five moving and six fixed plates
per section. Tank coil details are given in the coil
table. A single turn link coil is coupied to the aerial
socket,

The modulator stage uses a pair of N78s in
push-pull with transformer input. A 12AT7 twin
triode with both halves in cascade forms the speech
amplifier and provides ample gain to give full
modulation from a crystal microphone.

The power supply is quite straightforward and
provides 275 volts h.t. on load.

Coil Details

1.1 22 turns, 30 s.w.g. enpam., wound an %4’
diam. Aladdin former.

L2 10 turns, centre tapped, 22 s.w.g. enam,,
wound on 74’ diam. Aladdin former with
dust cora.

L3 3 turns, centre tapped, 18 s.w.g. tinned, 14"’
i-d., 4" long, self-supporting.

L4 6 turns, centre tapped, 14 s.w.g. tinned, 4"
i.d.,’" long, self-supporting.

LS 1 turn in centre of L4.

RFC1 500 pH r.f. choke.

RFC2 50”, 36 s.w.g. wound on 1 watt Erie

resistor.

TRANSMITTERS
VALVE CURRENTS

Current

Stage 4m and 2m
Oscillator grid 100 uA
First tripler grid 1TmA
Second tripler grid TmA *
P.a. grid 1.6mA *
P.a. anode B60mA
* each half

Adjustment

Set the Tune-Bun switch to Tune and plug in a
suitabte crystal for 2m. Check that the crystal is
oscillating by connecting a milliammeter between the
test point and earth in the oscillator grid leak lead. As
with other stages, typical grid currents will be found
below.

Tune the anode circuit of the oscillator until
maximum grid current is obtained in the 6CH6 stage
with the meter switch set to 1. The tuning position
should be with the tuning capacitor nearly at
minimum capacity. Check that the frequency is twice
the crystal frequency by means of an absorption
wavemeter.

Next tune the anode circuit of the 6CH6 stage
for maximurmn grid current in the QQVQO2-6 first tripler
stage with the meter set 1o 2 or 3. Again, the tuning
pointshould be near minimum ¢apacity of the variable
capacitor and a check should be made that the circuit
is tuned to six times the crystal frequency using the
absorption wavemeter. The grid currents in the two
halves of the QQV0O2-6 should be nearly equal. If they
are widely different try altering the value of the 4.7
pF balancing capacitor.

Next tune the anode circuit of the QQV02-6
{second tripler} stage for maximum grid current in the
p.a. valve with the meter set 10 4 or 5. Again the
capacitor should be near minimum. Check the correct
multiplication with the wavemeter. Set the grid
current to about 1.BmA in each half of the valve by
means of the screen potentiometer in the second
tripler screen grid feed circuit.

Finally tune the p.a. fo rescnance with no load
by setting the p.a. anode tuning capacitor for
minimum anode current. The tuning point should be
with the capacitor very near minimum capacity,; some
adjustment of the coil inductance may be necessary,
and this is easily accomplished by squashing the turns
together or pulling them apart. Switch from Tune to
Bun and connect the load. The output link may then
be adjusted so that at resonance the p.a. valve draws
the desired anode current.

The same procedure should then be followed
using a crystal suvitable for 4m. The correct tuning
points will be found with the tuning capacitors set
near their maximum capacity. Having once determined
the tuning points for 2m and 4m marks can be made
on the front panel and band changing simpty consists
of plugging in the appropriate crystal and setting the
four capacitors to the correct marks.

6.31



VHF-UHF MANUAL
A 70 MiHz Power Amplifier

This amplifier is intended for operation up to the
maximum permitted power and to be driven by a
self-contained transmitter or transceiver. It contains its
own power supply and the only transmit - receive
switching provided is for the r.f. circuit.

The amplifier is a single 6146 or QV0B6-20 with a
transformer input coupling and a standard pi anode
circuit, although this circuit is of necessity somewhat
restricted in the range of outputimpedances to which
it will match, nevertheless, it is more than sufficient to
cover the usual aerial feeder lines of 50 or 75 ohms.

Provision has been made on the front panel for
the control of the screen volts and this, together with
the variable bias, allows a wide range of d.c. inputs to
suit any particular need.

The amplifier gain is such that, with only 100mW
drive, 20 watts output can be obtained with 40 watts
input, thus enabling it to be operated as an amplifier
for c.w. or n.b.f.m. from a low power semiconductor
exciter. Satisfactory a.m. phone can be obtained aven
at this low drive level providing a suitable modulator is
available.

Circuit Description

The power supply section of the amplifier is self
evident, a separate transformer being used for the h.t.
thus allowing primary switching. The full circuit
diagram is shown in Fig.6.54.

The screen supply to V1 (6146/QV06-20) is
controlled by V2 {N78, EL84 operating as a cathode
follower. VR2 sets the d.c. voltage, and VR3 sets the
audio level.

The use of a cathode follower to supply the
screen of the power amplifier is superior to the clamp
type control commoenly used because, as explained, it
allows both the d.c. and a.c. {(modulation} levels to be
set accurately.

The circuit enclosed by the dotted line is a
simple clipper which is sufficient to prevent splatier
due to accidental occasional over modulation. If it is
not intended to use a.m. then the input to the grid of
V2 can bg taken directly to VR2 and the unwanted
components eliminated.

The meter with the six position switch enables
the voltage and current to be read for the grid, screen
and anode of V1,

The input circuit to V1 is by centre tapped
transformer and this provides the cut-of-phase voltage
for neutralising. The neutralising capacitor consists of
a %'’ square coppsr flag placed near the bulb in the
region of the anode.
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The pi-output circuit Is conventional and
includes a point for use as modulation monitor or r.f.
output indicator, the latter being essential if proper
tuning of the circuit is to be achieved.

CAPACITORS

FIXING HOLES FOR 3 |'!zi’J’\

ANCDE & LOADING 4> "
' - 1

INPUT HIGH-VOLTAGE OUTPUT
COAXIAL FEEDTHROUGH  cOaxtaL | (b)
SOCKET SOCKET

20l

Fig.6.55. General arrangement of screen trough for the
70 MHz ampiifier.

Construction

The r.f. section of the amplifier is built into a
trough with a cross screen for mounting the valve
socket, which is arranged so that valve is mounted
horizontally within the screen asshown in Fig.6.55.

The input end of the screen is closed but the
output end is left open. If necessary both the output
end and the top may be enclosed in order to reduce
radiation, and if this is done, suitable ventilation must
be provided.

COIL DETAILS

L1 2 turnsinsulated wire over centre of L2

L2 4% turns 18 sw.g. 3% "id. %" long

L3 2 turns 22 s.w.g. wound on 10 ohm resistor
L4 40-50 turns 26 s.w.g. %" i.d. close wound
L5 See text

L6 bturns 18 sw.g
L7 Asl4

L8 10 H choke 120mA

L9 40 turns scramble wound on 4" former 1°° long

%'id. %" long
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The h.t feedthrough i in fact 8 filter congigting
af the two 1000 pF ceramic capacitors connected
tegether by LS whigh ig g choer length of copper wira
with six ferrite beads cemented two i1, This is enclosed
in an insulation twibe and fixed into a pandl fixing
bush.

Care should be taken to ensure that the leads to
the screen bypass capacitor of VW1 are as short as
passible, The resistor in series with LD is to prevent
.p.1g and piher oscillation. The remainder of the
assembly can follow any convenient form.,

Setting Up

After checking the grid circuit and tuning it o
about the centre of the band, switch on valve heaters
and adjust VR1 for maximum voltage and VR2 to
minimum,

Adjust VR2 for 160 volts on to V1 screen and
with a dummy load in the output socket, set VR to
give angde current of, say 40mA,

Meutralising should be camied out carefully in
the following manner. First disconnect all power 1o
the p.a. stege excoapt heater voltage, and apply drive to
the input. Couple a sensitive detecting device to the
pa. tank circuit and tune this circuit for maximum
reading, Then adjust the neutrolising capacitor for
mimirmum indication, with an occasional check on the
grid circuit tuning.

The detecting device could be a leop and diode
reetifier with 8 suirable meter a5 the indicator, Singe
the amplifier is operated with the h.t. on at all times
and anly r.f. switching used Tor sand-raceive, [t is mast
imparant that the neutralising is propearly achiewed.

Fig6.56. Top View of the [44 MHz transmitter. The
power supply companents are loeared in the Fght half
of the cabinet. The modulation transformer is Seen
nexit fo the p.a. sereen which is located in the rop lefr
carier af the picfure,
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A GENERAL PURPOSE
TRANSMITTER FOR
THE 144 MHz BAND

This transmitter is suitable for most general
purpagse communications work and will be found
eminently suitable for the home station. The design
has some featuras not often included which will be
found useful Tor operating conméeéniance.

The circuit congists of a multi-crystal oscillator,
using one half of a 12AT7 (V1). The second half of
which is not used and is available for other use such as
a phase modulator for the anode circuilt of V1. Thisis
followed by two fréequeney multigliers V2 and V3
uging EF184 valves, tuned to 72 and 144 MH2 respec-
tively. The 144 MHz circutt is series tuned, Link
eoupling 5 wsed from the last frequency multiplier
circuit to the input of the power amplifier.

The input clrouit of the power amplifier is seif
réesonent, and the snode circuit is 8 conventional
lumped circuit with a series uned output. The general
arrangement of the anode and ouwtput circuits are
ghewwn in Fig 6.58.

& simple r.0. volumerer clrcuit s connected across
the output socket 1o enable sasy uning for maximum
r.f. output. It should be noted that since maximum r.f.
rarely coincides with minimum dip of the anode
tuning when using double tetrodes, every effort should
be made to ensure complete stability by preserving as
far a8 posible the circuit symmetry.

Tha speech amplifier-modulator has  been
arranged for both crystal and moving ooil
micraphonés. As the impedance and voltage output of
mowing coll microphones are generally lower than the
crystal types, & transistor amplifier provides the
additiaonal gain reqguired together with the matching
for medium impedance microphones, typically
200-600 shms. Should a law impedance microphone
such as one of 2-15 ohms impedance be used, it will ba
necesgary 1o use a transformer to step up to sbout GO0
ohrns {microphone to line transformer). The nogative
voltage for this transistor pre-amplifier is obtained
from the partial bigs supply for the power amiplifier.

The speach amplifier proper consists of V5 and
Vi, both being EFE6 pentodes strapped as triodes.
Tha first Is a simple voltege amplifier while the second
i used @5 a phase splitter to give the necessary
push-pull input o the triodes of the triode pentodes
used as the moedulatar.

The modulation transformer is a UMO or other
equivalent type, adequate sudio output is given by the
amplifier to modulate fully the power smplifier
runming at an imput of 18 watts. A modulation
indicator is included.
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COAXIAL CABLE

calTo s
L
A V4 "
C3} |
/ RFC D
@

=

Fig. 6.58. The p.a. circuit arrangement, To assist in the
proper adjustment of the power amplifier anode
tuning capacitor a 2:1 reduction gear was used in the
original but this may, of course, be omitted or a
simple epicyclic reduction drive substituted. The p.a
anode circuit is enclosed in a screen box above the
chassis as shown in top view photograph, Fig.6.56.

Details of coils and capacitors

Coil Turns Wire Diam.

L1 25 28 %"dust iron core
L2 4% 18 %' % long
L3 4 18 w %" long
L4 4 18 ¥ 1%" long
L5 3 14 1"{od} %" long
L6 1 16 1 %" (o.d}
Link coils between L3 and L4 1 turn %" i.d. 26 s.w.g.
C1 10pF

c2 5 pF

Cc3 15 + 16 pF

c4 50pF

RFC 60 turns 30 s.w.g on 3/16" ferrite former

Power Supply

A complete power supply unit is detailed in
Fig.6.60 in which all supplies are provided. Little
description is needed since individual requiremants
will vary with available components. The modulation
monitor circuit is shown in this diagram also.

It will be noted that the relay supply and the
supply for the transistor preamplifier is obtained by
series connecting a number of heater supplies. In the
prototype T2 had 4 voilt heater windings but a
standard 6.3v and 5v type is obviously suitable,

The on/off switching is by relay for both h.t.
supplies and the aerial change-over, and a contact for
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relay switching the recelver is provided. If the whole
unit is required for mobile or portable operation, the
relays should have suitable voltage coils.

Typical valve currents

R.F.
Section V1 12 AT?7 1-2mA
V2 EF184 18-19mA cathode
current
v3 EF184 18-19mA cathode
current
V4 QQV03-20 E0mA
Audio
Section VH EF86 1.5mA
V6 EF86 ZmA
V7/8 ECLS86 triode 1.5mA
pentode 3bmA
Construction

The overall dimensions of the cabinet are 14%" x
1" x 7" high. The c¢omponent layout and
construction are clearly shown in the photographs
{Figs.6.56 and 6.59). For convenience the crystals are
plugged into the six-way socket, through the front
panel, seen on the bottom left of Fig.6.56. Ventilation
of the power amplifier valve is provided by drilling
holes in the back of the cabinet. The aerial changeover
relay is mounted on the outside of the back for
convenient cable access.

Setting up the meter for its various functions:
1. for position MA p.a. grid current, shunt for 10mA

f.sd.

2. MB p.a. anode current, shunt for
100mA f.s.d.

3 MC r.f. output meter used on basic
1mA range

4 MD modulation percentage meter used

on its basic range, as a voltmeter with
VR series adjusted to read f.s.d. when
points X1 and X2 with h.t. at 300 %
6V f.s.d. is equal to 100% modulation

A MEDIUNM POWER AMPLIFIER
FOR 144 MHz

The amplifier described is typical of the design
from which fairly high power at good efficiency may
be obtained from the popular double tatrode
QQVO6-40A (5894),

The anode circuit consists of quarter wave lines
which are enclosed to prevent loss by radiation. In
cases where space is important a lumped constant
circuit may be used in place of the linear circuit with
onty small loss of efficiency.



TRANSMITTERS

Fig.6.59 Undernde view of the general purpose transmiiter showing the under chassis screening separating the
vl section frowm the speech amplifier Stages. The pransistor preamplifier and e firir audio armrpfifier valve
eircinity are enclosed by the box seen to the left of the relay.

Batore detailing the amplifier it iz usaful to note
ihe power capability of thic valvie when usad a8 5 Class
C amplifier on this band,
thesa #igures  may be seen that the
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Fig 6.60. Power supplies for the transmitter shown in Fig.6.57. Meter switch at MA shows p.a. grid current; at
MB p.a. anode current; at MC output indicator, and at MD modulation percentage.

Circuit Description

The circuit is shown in Fig.6.61. R.f. drive is
applied to the push-pull grid circuit L2, C1. Grid bias
is obtained fram current flow through R2 when
excitation is applied. For this reason a tetrode clamp
valve V2 (BV6} is connected between the amplifier
screen and earth, so that when the p.a. is driven the

6.38

negative bias developed across R2, is also applied to
the grid of the clamp valve, biasing it beyond cut-off.
Removal of the drive, and hence removal of the bias
from V2 grid, causes this vaive to conduct heavily,
resulting in a greatly increased voltage drop across R4.
The screen voltage of V2 drops to a value such that
the anode current of V1 is well within the rated
dissipation.
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Fig.6.61. Circuit of the 2m p.a. showing the linear anode configuration,

L1 1turn 20 s.w.g. %’ diam.

L2 4 turns 16s5.w.g.
L3 2 tubes8'long

%" diam. 1%" long
%'’ diam.spaced 1’ apart

L4  OQutput coupling loop, 2%" tong 1" wide 16 s.w.g.

R1 R3 10 ohms wire wound

The anode circuit L3 is a quarter wave line, tuned
by C3, which is tapped down the line a short distance
from the anode end of the line. R.f. output is taken
from a loap L4 which is coupled to L2 adjacent to the
shortcircuited end.

The value of the screen dropping resistors for V1
and V2 (R4 and RE respectively} is chosen according
to the h.t. voitage so that the screen dissipation of the
valves is not exceeded. The range of values shown is
suitable for voliages between 400 and 600. Resistors
R1 and R3 in the grid and screen circuits respectively
are wire wound to reduce any tendency to parasitic
oscittation in these circuits.

Fig 6.614. Layout of the tank circuit for the 144
MHz. p.a

Construction

The amplifier is built on an aluminium chassis
14" long x 5" wide x 3" deep; the output circuit
compartment is 3%" wide and 4%’ high. Dimensions
are not critical and may be chosen to suit any
particular installation. Complete isolation between
grid and anode circuits is achieved by mounting the
valveholder below a 2" diameter hole in the chassis on

%' pillars, s0 that the horizontal screening disc
inside the valve is level with the top of the chassis.

The anode lines can be easily fabricated and
consist of two lengths of 2" diameter brass tuning
8" long, spaced 1" apart. At the short circuited end the
two tubes are* joined by & strip of heavy gauge {e.g. 12
s.w.g.) brass, in which are drilled two %™ diameter
holes centred 1 apart, into which the tubes are
pushed after filing to fit and then soldered. H.1. (via
R5) is connected to the midpoint of the short
circuiting strip. At a distance of 1% from the open
circuited end of the lines the anode tuning capacitor
C3 is mounted:; each plate of this capacitor consists of
a brass disc 1%’ diameter attached to a threaded stud
which engages in a tapped hole in a brass block
soldered to the lines. A fine thread {eg. 40 t.p.i}
should be cut on the studs to ensure smooth
movarment of the capacitor plates. A slot should be cut
at the end of one stud to engage with a small metal
blade fixed to the end of a Y’ diameter polystyrene
rod which forms the tuning control; this rod may be
springdoaded to avoid any tendency of the blade to
jump out of the slot as the control is rotated.

It will be found that resonance occurs when the
two plates are approximately &'’ apart and they
should be adjusted so that this distance is obtained
when the frant plate is at the mean position of its
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travel. The threaded studs should be a reasonably tight
fit in the tapped holes to ensure that there is no
electrical discontinuity between the capacitor and the
lines. 1t is advisable for the rear plate to be locked in
position after resanance has been determined.

Anode connectors must be used and can
conveniently be made of " brass rod ¥’ long
similar to those employed for the 70cm transmitter,
Copper strip 4" wide and 2%"" long is used to join the
end of the lines to each anode connector. The anode
circuit lines are supported at the end by a 4" thick
paxolin plate to which the short-circuiting strip is
screwed, and by two polystyrene blocks mounted on
an aluminium bracket located 4%’ from the end of
the lines.

Operation

To set up the unit apply heater voliage only and
connect a joad to CS2. Excitation may then be applied
to CS1 and C1 tuned to resonance. The output of the
exciter and coupling between L1 and L2 should be
adjusted to give a grid current of 4mA. H.t. may then
be applied to the amplifier and C3 tuned; the dip In
anode current at resonance should correspond to
maximum r.f. output. Coupling between L3 and L4,
and the capacitance of C5, should then be adjusted to
load the stage to the required rating. Finally, the value
of R2 and R4 should be adjusted to obtain maximum
r.f. output for a given d.c. input to the stage, without
exceeding the rated anode and screen dissipation of
the valve. After the anode circuit has been tuned, h.t.
voltage may be applied without grid drive, as the
clamp valve effectively reduces the input to anode and
screen of the vaive 10 a very low value.

A 10 WATT TRANSMITTER FOR
70cm USING A GROUNDED
GRID AMPLIFIER

It is common practice to use double tetrode
valves such as the QAVO3-20A/TT20 for transmitters
operating in the frequency range 200500 MHz
Towards the upper frequencies, the driving power
requirements for such wvalves rise rapidly, complete
stability is not easy to achieve and the balanced anode
circuit is often an inconvenience. An alternative
approach is to use grounded grid triodes which are
inherently more stable and which give an equally good
power gain above 400 MHz. The pin-based A2521 is
readily usable in this arrangement.

Fig6.62  Circuit diagram for the 10 watt 70cm
transmitter. An alternative valve for V1 is the 124T7,
and for V2 the EF9I or 6AMS6.
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The transmitter now described uses a pair of
A2521 followed by a DET24 disc seal valve to raise
the output power to 10 watts when anode modutated
or 15 watts on c.w. Disc seal valves are normally used
with coaxial circuits, but at frequencies up to 500
MHz extremely simple lumped circuits may be used.

Circuit Description

The crystal controlled muitiplier uses three valves
to produce 750mW at a frequency of 144 MHz from
an 8 MHz crystal oscillator. Series tuning of the N78
{v3) anode allows more latitude in the construction of
the col than would be possible with parallel tuning.
The anode coil of the N78 and the cathode coil of the
A2521trebler (V4) are coupled by a single turn of
p.wv.c. covered wire pushed into each coil. The anode
coil of the A2521 trebler and amplifier stages are
identical single turn loops and each is coupled to the
following cathode by an untuned toop adjacent 1o the
anode coil. The DET24 {V6} anode circuit consists of
a square loop from which the output is taken through
a coupling capacitor close to the anode. All three
grounded grid stages employ cathode bias; as one side
of the heater and cathode of the DET24 are common,

TRANSMITTERS

this necessitates a separate 6.3V heater supply for this
valve.

Since an appreciable part of the power output
reaching the aerial is fed through from the A2521
amplifier, it is necessary to anode modulate both the
DET24 and the A2521 amplifier (V5) and to bypass
the cathode resistors of both stages to audio as well as
radio freguencies, The anode supply to the A2521
from the modulated h.t. jine shouid include a resistor
to reduce the voltage to 160V at 18mA. H anode
modulation is not applied, then the A2521 may be fed
directly from the 250V h.t. line and the DET24 anode
supply may be increased to 400V, The A2521 anode
current should never exceed 18mA, nor the grid
current GmaA.

Typical performance figures for the DET24
output stage are:*

Class C Telegraphy

Va 350 300 250 v
Ia 92 81 73 mA
Ig 3g 39 40 mA
Pload 15.0 128 10.3 w

VALVE ANODE MOUNT, INTEGRAL WITH LOOF AND MEASURNIG L.1/2" x 1.1/2" SQUARE WITH A 1.1/8" DIA

CENTRAL HOLE.

CLAMP PIECE IS 3/4* LENGTH OF 1.1/8” |/D x 18 3
COPPER FLANGE I.3/8x 1.5/8" SOLDERED T0 TUBE.

COPPER TURE, WITH SQUARE

ANODE MOUNT 1S TAPPED 6BA AT FOUR

CORNERS COINCIDEMT WITH 6BA CLEARANCE HOLES IN CLAMP FLANGE.

THIS SIDE OF CHASSIS SHOULD
BE DETACHABLE TO FACILITATE
CHANGING THE DET24 VALYE

YENTILATION HOLES 174" DIA
DRILLED IN TOP AND 5IDE
OF CHASS1S / \

SEALECTRO CONTACT
FINGERING
TYPE CF/O1/43

¥l B309

2@

¥vé DET24

LOOP CLAMPED TO CHASSIS WITH 8BA
BRASS SCREWS AND NUTS WITH RT.RE.
BUSHES FOR INSULATION -

P

Fig6.63. Layout of the
underside of the complete
transmitter, showing the
position for coils,
associgted capacitors and
resistors.
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Class C Telephony anode modulated {carrier conditions}

Va 300 250 v

la 77 68 mA

ig 30 34 mA,
Pload 10.9 88 W
Pmod 11.6 85 W
Zmod 3.9 3.7 K ohms
Construction

The crystal controlled multiplier is conventional
and simple 1o construct, following established
principles.

Copper screens are soldered in the paositions
shown in Fig.8.63 and pins 1, 3, 4, 6, and 9 of the
two A2521 Velveholders should be soldered directly to
the appropriate screen. The anode circuits of the
A2521 tripler and amplifier are identical. A length of
10 s.w.g. { i diameter) copper wire is bent around a
%' mandrel; ane end is straightened over a length of
approximately 4", and this is soldered to the top
surface of a small copper plate measuring %'* x 1°'; the
other end of the loop is cranked to allow connection
to the anode pin of the valve base and at the same
time allow a small copper tube {CT1 and CT2} to be
soft soldered 1o the loop as near as possible 1o the
anode but projecting over the chassis, clear of the
valveholder. A hole is then drilled and tapped 6BA
through the top of the chassis in line with the axis of
the copper tube; a 6BA brass nut is soldered on to the

T |~ DRILLED AND TAPPED 6B8A
i o —
il CUT THROUGH BLOCK
= '
b . MATERIAL © BRASS
Wt ; CATHODE Tuse (@)
b ' | 1y

— e

4 uoLss--f"’iL'i/-l m 14 s

TAPPED 6BA DA i
l_w il |
MATERIAL: - I%'-—.-!g-—ﬂ—.-t

16 swy COPPER

ANODE T 1"
LOOP LIO 5. |
8
{b) ¥ ——/

Fig.6.64. {a) Cooling clamp for the cathode of V6. (b}
Method of bending metal to form L10, the anode loop
for V6. The diameter in (a) is 0.39",
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top surface of the chassis, over the tapped hole, to give
increased stability to the 6BA screw which forms the
tunina controd.

The copper plate which forms the bypass
capacity. to earth (C23 and C27) should be tailored”’
te provide clearance of the valveholder and tuning
contrel. The plate is insulated by a thin mica sheet and
fixed to the chassis by two 6BA nylon screws. It is
necessary 1o countersink the 6BA clearance holes on
the underside of the chassis to prevent voltage
flashover around the edges of the screw holes. In the
case of the A2521 amplifier, one nylon screw is
replaced by a brass screw and p.t.f.e. bush in the
chassis to provide an external connection for the
anode supply 1o that stage.

The DET24 anode circuit is made from a strip of
16 s.w.g. copper (Fig.6.63). The anode mount is 1%"
wide and the strip is trimmed over the length of the
loop to 1% wide. The anode flange of the valve seats
onto the anode mount and the anode ¢lamp, which
acts as an additional heat sink, is fixed to the mount
by 6BA screws at each corner. It is essential to keep
the temperature of the valve anode seal below 140°C
and it is necessary to provide good heat conduction to
the chassis, the integral mount and loop of copper
together with the use of thin mica for insulation, meet
this requirement. Nylon screws are not suitable for
clamping the loop to the chassis screens due to the
temperature of the chassis, so that it is necessary to
use p.t.f.e. bushed holes and 6BA brass screws and
nuts. The grid contact is formed by soldering contact
fingering directiy to the chassis screen and arranged to
give firm contact with the grid ring of the valve, A
clamp on the cathode tube of the valve assists in
(keeping it cool and provides a convenient anchorage
for the coupling icop.

It is essential to provide a well-fitting base plate
to the chassis in order to prevent direct radiation from
the output circuit. One side of the chassis should be
made removable so that the anode clamp of the
DET24 can be unscrewed if the valve has to be
changed.

70cm HIGH POWER AMPLIFIER
WITH BOX CAVITY ANODE CIRCUIT

Cavity Design

The interest in using a cavity for one valve lies
mainly in the simplicity of construction, since the
cavity has no advantage in either efficiency or physical
size over the alternative coaxial line circuit.

i1 can be shown that an unloaded cavity, square
in shape, has a resonant frequency equal
o _57 where C = 300 x 10% and a = length of the

a

cavity in metres. Using this formula as a starting point,
the actual cavity size when loaded with a valve is
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Fig.6.66A. Circuit of the 70cm box cavity power
ampilifier. Cg is butlt-in; C= 1000 pF feed-through.

determined by “cut-and-try’’ methods. In the cavity to
be described, the size is fixed to resonate at 440 MHz,
and a trimmer capacitance added which allows the
cavity to be tuned from 420 MHz to 440 MHz. A d.c.
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blocking capacitor is fitted to the top surface of the
cavity, and includes a spring finger assembly to make
contact with the valve anode. An Eimac type SK-610
air system socket is clamped by a ring 10 the inside
lower surface of the cavity. With the valve in place the
cavity is then effectively between anode and screen. A
loop attached to a type "N' socket is arranged to
rotate within the cavity to couple the output feeder,

The input circuit is 8 simple trough line of
half-wave electrical length, tuned by a trimmer
capacitor at the end remote from the valve. Input
matching is achieved with a fabricated trimmer
capacitor in series with the input feeder. The whole
grid circuit is conveniently housed in an Eddystone
die-cast aluminium box, the bottom of which is fixed
to the skirt of the air systemn socket. The space
between the diecast box and the lower surface of the
cavity is enclosed, and becomes an r.f. “'dead space”
Heater and d.c. screen connections to the valveholder
are made within this space.

Construction

Fig.6.656 shows the basic construction of the
anode cavity resonator, which measures 13%" square

Fig.6.65. Construction of the main cavity for the high power 70cm amplifier.

A, B

A, B, 13%" long

C,D 14" long

E, F, Top and bottom plates of cavity made of

. C, D1 x %’ brass bars making the side walls of the cavity

Ye* aluminium, 14" x 14"

G on €, 3" diameter hole centrally placed with six 4 BA clearance holes equally spaced on 4" P.C.D. to enable
the d.c. blocking capacitor to be clarmped on the outside of the plate.
{ on E, 4" diameter hole spaced 4" from edge of plate with three 6 BA clearance holes equally spaced on %"

P.C.D. to permit fixing of the trimming capacitor support.

K on E, Qutput coupiing hole 1" diameter space at 1%"” from edge of plate with three 4 BA clearance holes

equally spaced on 1%'" P.C.D.

H on F, 22" diameter hole centrally placed with six BBA clearance holes equally spaced on 3" P.C.D. to permit

the valveholder to be clamped on the inside of the plate.
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Fig.6.66. (a) Valveholder clamp (b) Capucitor support {c) Trimming capacitor {d) Output loop.

by 1" deap internally. The internal dimensions control

the resonant frequency of the cavity, and this should
be borne in mind if it is desired to replace the 1" x %'
brass bars specified by aluminium U’ section which
may be either fabricated from sheet or extruded. The
trimmer capacitance mounting is placed as close as
possible to the valve for maximum effect, and the
output ipop assembly is placed as near the outer edge
of the cavity as possible. The reason is that the voltage
and current distribution within the cavity is such that
the voltage is a maximum at the centre of the cavity,
and where capacitative loading has maximum effect,
and the current is a maximum at the outer edge of the
cavity where inductive loop coupling will be a
maximum. Figs.6.66 (a), (b) and (e) show the
construction of the valveholder clamp and trimmer
capacitor. The valveholder clamp is shown as a
complete ring which ensures intimate contact between
the socket and the cavity. In the event of difficulty in
fabricating this ring, an alternative would be to use the
three small clamp pieces supplied with the vaiveholder.
It may be necessary, however, to fabricate three
additional clamp pieces to ensure good contact around
the periphery of the valveholder.

The main requirement as far as the trimmer
capacitor is concerned is that the disc face should
rotate parallel with the surface of the cavity.

Fig.6.66 (d) shows the output loop assembly
which should be fitted to the cavity with the loop in
line with the valve for maximum coupling.

The anode capacitor plate with % " dismeter
fixing holes to facilitate fitting of the insulating bushes
is illustrated in Fig.8.67. This assembly may be
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simplified by using a square form rather than circular,
but should be of the same effective area, e.g. 4%"' X
4%'*. A recess is provided for fitting soring finger
contacts which make connection to the anode. A
recess on the underside is provided to locate the
ceramic chimney, part of the air system socket.

The insulator for the d.c. blocking capacitor and
the insulator bushes are shown in Fig.6.68. Mica was
used on the prototype cavity, but p.t.f.e. or polythene
sheet would be equally satisfactory. Similarly, the
insulator bushes were p.t.f.e. on the prototype but
since no r.f. voltage appears across these bushes other
materials may be used, eg. Tufnol, Perspex or
polystyrene.

Fig.6.69 shows the layout of the grid circuit
within the diecast aluminium box. The grid line is
fabricated from %'" wide by 18" s.w.g. strip and one
end is bent through a right-angle to form one piate of
the trimmer capacitor. The line is screwed 10 the grid
connector of the air system socket with a short tube
to space the line %’ from the bottom of the box, and
a %" p.t.f.e. spacer serves to support the other end of
the line. The type "N* input socket is fitted with a
type “N” hood on the inside of the box which, in
conjunction with a short length of 50 ohm coaxial
cable, preserves the continuity of the input feader to
the matching capacitor. The d.c. grid connection
consists of an r.f. choke and wire wound resistor in
saries between the grid of the valve and a 1000 pF
feed-through type capacitor.

The complete amplifier is illustrated in Fig.6.70.
The r.f. dead space between the cavity and the grid
circuit is enclosed by %" x ¥’ brass strip and fitted
with two 1000 pF feedthrough capacitors for the
screen and heater leads. An r.f. choke is fitted in the
heater lead, and another r.f. choke with 100 ohms
wire wound resistor in series connected in the screen
lead.

Operation

it is necessary to monitor the anode, screen and
grid currents to the valve, and meters should be
connected in c¢ircuit. A forced air supply shouid be
connected to give a minimum flow of 7.5 c.f.m.
through the anode cooler even with only the heater
supply switched on. After allowing at least 30 seconds
for the heater to warm up, the grid bias, anode and
screen voltages should be applied in that order.

The grid circuit may then be tuned and matched
to the drive source, using the anode current meter as
an indicator. Due to secondary emission effects, grid
current may not be indicated even when full drive is
applied, and may even be negative. in this respect it is
necessary to fit a bleed resistor across the negative bias
supply drawing approximately 20mA to stabilize the
supply under negative grid current conditions. These
remarks also apply to the screen supply. The bias
voltage should be —80 volts and the screen voitage 250
volts. The drive requirement is 15 to 20 watts.
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Fig. 6.70. Showing assembly of the complete 70cm
amplifier.

With an anode voltage of 1000 volts and current
of 200mA, an rf. output of approximately 100 watts
may be obtained.

A COAXIAL CAVITY FOR 70cm

As an alternative 10 the box type cavity a tubular
or coaxial type offers a considerable space saving, but
of course a significant amount of machine work will
be needed.

Fig.6.71 shows the general arrangement of the
anode circuit and Fig.6.72 gives the mechanical details
of the various component parts. Detail (A) gives
dimensions for either a 4X150A or 4CX250B valve.
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The grid circuit may be similar to that previously
described and built into a cast box. Above this a plate
is mounted and spaced to provide the necessary room
for the supply leads.

A flange (detail L} is made to fit into the lower
rim of the valve socket skirt, this is fixed to the cast
box and completely isolates the input and output
circuits, as well as providing a suitable air duct for the
cooling air which must be blown up from the
underside of the valve socket and through the anode
cooling fins. The valve socket is attached to the extra
top plate by the normal clips.

The anode circuit outer, Detail A, is attached to
the top plate by four eyebolts at the bottom and then

B
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12 Zi
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Fig.6.71. General arrangement of ancde circuit of the
coaxial cavity.
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Fig.6.72. Mechanical details of construction of the coaxial cavity.

the inner tube assembly cansisting of the anode line
{C} is soldered or brazed to the inner top disc (D)
which is bolted to the outer top disc (B} being isolated
from it by the p.t.f.e. washer (E). The fixing botts of
the two top discs are insulated from the auter top disc
by p.t.f.e. bushes {F). The whale assembly is then
attached to the guter tube by four lugs into which
eyebolts at the top end of the tube locate.

Tuning of the cavity is provided by a disc type
capacitor as detail H and G. The adjustable element
{G) should be provided with some tensioning device
such as a spring locating into the screw thread. Since
there is the fult h.t. between these two plates one of
them should be covered with suitable insulating
rmaterial to prevent a possibie short circuit.

Qutput from the cavity is by the conventional
series tuned loop. The loop spacing from the anode
line should be adjusted to give the maximum output;
this does not need close coupting to the centre tube
and it should be kept as far away as possible consistent
with good efficiency.

23cem TRIPLERS

At this frequency the cheice of valves is for all
practical purposes limited to two basic types, the
DET24 for low power and the 2C38A for high power.
The DET24 is a conduction cooled type with an anode
dissipation of 20 watts while the 2C39A has an air
cooled anode of 100 watt rating.
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Two designs of circuit are described, a cavity
type and a strip {or stab) line type, both of which are
based on the 2C39A valve.

+ Ot (T e 1298425 Mc/s
432-75 Mefs RFC ,-?
1 3 3
: |—1{:}AVIT‘|’
ah
Py i
LI E} [l IC
e
REC RFC Sk
tl cz T
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3-30pF E b
72K 1w BV
L OHEATER e AW—O—

Fig.6.73. Circuit of the tripler cavity, C2 and (3 are
formed by the anode and grid plates in the cavity; Cc
and Lc represent the cavity; L1 is formed from thin
copper Strip %' wide and 2'4 long bent to a ‘U’
shepe; r.f. choke, 23" of 20 sw.g. enam. copper,
wound on 4" diam. former.

Cavity Type

From the circuit diagram of Fig.6.73 it will be
seen that the valve operates in the grounded grid
mode, the drive being applied directly to the cathode.
The 23cm output is taken from a laop Fig.6.77 which
couples into the cavity.

Construction

The cavity is constructed from 20 s.w.g. sheet
brass, the general details of which, together with part

IMSHLATING
WASHER

CATNDBE
AND NEAYER

INSULATING BESA
T0 INSULATE SCREW

CHAPTER 6

of the assembly order, are shown in Fig.6.74. Full
details of the main body of the cavity are shown in
Fig.6.75. This is constructed by forming up the four
sides of a flat sheet to produce an open box. It should
be noted that the corners are not soidered. This
permits easy movement of the grid tray which is a
sliding fit inside this open box. (it also aliows a good
contact to be made between the grid tray and the box
when the side fixing screws are tightened.

The pasition of the grid tray in the box is the
coarse adjustment for the anode circuit. Fine tuning is
achieved by means of a tuning paddle which is also
illustrated in Fig.6.75. This consists of a %" x %"
metal plate which is soldered into a slot cut into the
end of a 4" operating spindle.

Qutput from the cavity is taken via the 12" inside
diameter tube mounted diractly opposite the fine
tuning control. Into this tube slides the aerial coupling
probe illustrated in Fig.6.77. It is important to ensure
that the probe unit is a reasonably tight fit into the
tube on the side of the cavity and to this end, if
possible, the two parts should be constructed from
telescopic tubing. Since the diameter of the outer tube
is not critical to within V4" it is permissible to cut a
lengthwise slot in it 10 allow it 1o be closed up slightly
and ibus ensure a tight fit round the probe.

The anode and grid plates are shown in Figs.6.78
and 6.79 and respectively, and as will be seen they are
quite straightforward. Careful attention must be paid
1o the contact fingers for the valve, and it is important
to ensure that the final size is suitable for the
particular sample of the valve being employed. The
fingering is constructed by making suitably spaced
cuts with a very fine saw. This strip is then formed
into a circle, fitted to the inside of the hole provided,
and soldered into position. Small adjustments to the
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Fig 6.74. Assembly of cavity. The position of the valve is very important; it should be placed for maximum
output, but this will affect the tuning. Should the tuning paddie not correct the tuning, the grid tray will need to

be moved slightly.
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Fig.6.75. Box cavity body.

final size may be achieved by slightly bending the
contact fingers.

Polythene sheet of a thickness of 0.008" suitably
cut to shape, is used as insulation between the anode
plate and the cavity body. This is satisfactory for
anode voltages up to 600 volis. Between the grid plate
and the grid tray, a similar sheet of polythene is used.
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Fig.6.76. Grid tray.

The coaxial input socket is mounted on the
bracket shown in Fig.6.80 and this is held on to one
side wall of the cavity by means of two of the screws
which hold the grid tray in position. The lead from the
coaxial socket to the cathode of the valve is made
from thin copper strip % " wide. If copper strip is not
available brass may be used so long as it is thin. 11 is
important that the lead be not too rigid as otherwise
there may be a danger of damaging the valve.

THIN SOPPER STRIP V48" Wikt

. :{’5’15'

- C—j‘ W

Y A
-

BERIARN
v & |
BELLING - LEE RECESSED COAXIAL AERIAL SDCRET

Fig.6.77, Aerial coupling probe.

The input inductance {see L1 in Fig.6.73)
consists of a length of brass or copper strip, 2'%:' long
by %" wide formed into a U with arms of equal
length. With the base of the cavity uppermost, this
U-shaped inductance is inverted and soldered at one
end to the coaxial socket, at the other end to the
3-30 pF Philips trimmer. The earthy side of this
trimmer is soldered to a tag located under one of the
twe 6BA screws in the corner of the grid tray farthest
away from the coaxial input socket.

The 2.2 K ohm grid resistor is soldered to a tag
secured by a short 6BA screw to the centre of one side
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of the grid plate. It is particularly important that this
screw, and its counterpart on the anode plate, are filad
off flush with the underside of the plate, otherwise the
polythene insulation will be damaged, and a short
circuit may oceur.
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Fig. 6. 78. Anode plate.

Adjustments and Operating Conditions

Connect the 9V bias supply to the valve with a
0—50mA meter in series with the negative fead. Apply a
6V source, capable of supplying 1A, to the heater of
the valve. Do not attempt to apply h.t. at this stage,
but connect the anode of the valve from the solder tag
on the anode plate via a 100mA meter to the cavity
body.

If 70cm drive is applied to the cathode, grid
current will flow, and some anode current will show
on the 100mA meter. The trimmer C1 and the
inductance L1 should be adjusted to give maximum
grid current. This should be in the region of 28maA.
The earthing point of the trimmer may need changing
to a different point on the grid tray if insufficient grid
current is noted. There are a number of combinations
of the capacity of C1 and the inductance of L1 which
will give resonance at 70cm, the correct ratio of these
two is quite critical in order to achieve maximum drive
1o the tripler. Once the grid current is of the eorrect
order, then the meter in the anode circuit should read
between 30 and 60mA.
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Fig.6.79. Grid plate.

6.50

CHAPTER 6
2 HOLES 1 s Y6 o note 1o
b4 e ! A-ullﬁ{g}um (ENTRE o 07
i ; a5 - SOCKET
1%s =i =
i bi
MATERIAL: 20 SW6 1 o ol o
BAASS SNEET A= 1{:.-—- Y
. o

Fig. 6.80. Bracket for the Belling Lee coaxial input
socket,

When a suitable level of grid current has been
achieved, attention can be turned to resonating the
anode cavity. For this it is necessary to have some
means of indicating 23¢m output. One possibility is to
use a BV 0.04A flash lamp bulb soldered directly to a
coaxial plug. Alternatively, and in many respects
better, a diode probe on a coaxiai line, as illustrated in
Fig.6.81 can be used.

First, set the tuning paddle to an angle of 458° to
the plane of the anode plate. Slightly loosen the four
grid tray fixing screws and then very carefully move
the position of the grid tray until resonance s found.
Resonance will be denoted by a small dip in anode
current. |f the diode probe on the coaxial line is in
circuit a reading will be obtained on the diode meter.
Lock the grid tray into position, and check that the
tuning paddie will resonate the cavity more critically.
The anode may now be disconnected from the chassis
and taken to a supply of about 360V positive via an
r.f. choke. The ancde current may lie anywhere
between 50 and 100mA depending on the valve,
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Fig.6.81. Diode probe on a coaxiul line.

FOAYIAL PLUS COATIAL FLUG

Acceptable levels of modulation may be achievad
by modulating only the 70cm drive to the 23cm
tripler. For c.w. operation, the 70cm stage can be
keyed, and under key-up conditions, the anode
current in the tripler should fall to zero.

Strip Line Type

This alternative design is particularly attractive
because the amaount of engineering is considerably less.
As will be seen from the circuit diagram, the input
circuit is slighily different from the cavity type. In this
case the cathode of the valve is tapped down the
inductance of a parallel tuned circuit which when



correctly set up offers some advantage over the
arrangement of tha previous circuit.

G-8pF

e e e i e e e

DIE-CAST BOX
2-2K

X HT+

Fig.6.82. Strip line 23cm tripler.

L1 = 2 turns ' wide strip X% dia. %" long
cathode tap at % turn from earth end

L2 & L3 = Anode strip line and output coupling, See
Fig.6.84

Ca grid to chassis by pass insulation 0.004/6"

capacitor hick mica or other
Ca HT to chassis by pass suitable material
capacitor

R.f. choke 1 8 turns %" diam. 18 s.w.g.
R.f.choke 2 7 turns %" diam. 22 s.w.g.

R vaiue to suit so that valve heater voltage is 5.6v
Ct and C3 2-6 pF concentric trimmer {(Mullard
COQ4/EA)

C2 Adjustable plate trimmer see Fig.6.84.

X position for grid current meter

Construction

The anode circuit is enclosed in a standard
diecast box 4 %" x 3 %" x 2 %"The lid is replaced
by a copper or brass plate, %" thick with a U
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Fig.6.83. General arrangement of 2C39A tripler.
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shaped scrgen of the same material soldered to the
new plate, as shown in the illustrations Fig.6.84.

The plate forming the anode strip line is
mounted V" above the chassis plate by two
insulated pillars, and the h.t. supply to this is
connected to a tag under one of the fixings, through
the r.f. choke (RFC2) to the h.t. bypass capacitor
centre fixing screw insulated under the plate, through
the plate to the supply socket.

The grid which is at r.f. earth potential is
connacted to a 2’ square plate insulated from chassis
and fixed by three nylon and one metal screws. Note
that the insulation is on the underside.

The screw is connected to the 2.2k resistor,
which is in turn connected to the chassis plate. When
it is required to read grid current this connection is
lifted off eath and a meter connected between it and
the chassis plate. The insulation of both the h.t. and
grid bypass capacitors is 0.004/6" thick mica or other
similar material.
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Fig.6.84. Construction details of anode and grid
cireuits,

Ag can be seen from the top view photograph
Fig 6.85 the input circuit L1 C1 is fitted into the top
left-hand corner close to the valve and the input
socket. Contact to the valve anode and arid is made by
use of a phosphor bronze fingaring 4. long
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soldered to the anode and grid plates, the fingering
should face the same direction.

The completed unit is operated with valve anode
downwards, i.e. standing on the box in the normal
TTaminer.

Adjustment

For full power operation, 8 drive power of 10
warls is needed. The input circuwit is twned for
maximum grigl eurrent which when correctly adjusted
should be between 30 and 40mA. When the input has
been properly adjusted apply h.t. of 260450 valts 10
the anode and adjust the snode tuning capacitor and
output coupking circuit for maximum output. The
indicator described for the prévious unit should be
used to assist in tuning up the anods cireuit,

Fig 5,85, Photo of complete 1206 MMz sripler.

=9
B 3
= et
-

Fig. 6.86. Underside view of rripler.

With inputs up to B0 watts no forced cooling is
needed, but if the valve i 1o bé operated at it full
imput reting provision for forced air cooling must be
made. Singe the diecsst box forms a cavity ot the
operating frequency, eny holes which are cut in the
sides of the box 1o allow cooling to be blown across
the anode radiator, should be covered with mesh to
prvent disturbance of the r.f. fiald,
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For local {short range) working sufficient output
can be obtained with the h.t. lesd connected to chassis
Ino anods voltage).

SIMPLE LOW POWER TRANSISTOR
TRANSMITTERS FOR 70
and 144 MHz.

Transmitter for 70 MHz

The crystel oscillator operates at 7.78B7 855
MHz with the collector circult tuned to the crystal
frequency. The second end third trensistors function
g5 iriplers to resch the guiput frequency in tha range
TO.026-70.7 MMz The output from TH3 is coupled to
TR4 operating a5 a grounded base class B amplifier.
Forward biss of about 0.1 wolt & prowided by the
potentiometer acros the supgly, and VA is adjusted
for maximum rf. output. The output circult & a
simply picoupler to mateh the outpul impedarce to
the feeder, usually 50 or 78 ochms.

At g supply voltage of 15 volts TR1 should take
4mA, TR2 and TR3 between B and 10mA sach, with
this power sufficiznt r.f. drive should ba availahle far a
p.a. current of 26mA.

The sorting up of the tansmitter, chould
preferably be carried out stage by stage using a simple
r.f. voltmater 1o indicae proper wning. The use of 8
sansitive absorption weavemeter is essential to ensure
that each swage s opurating on the comect Tregueancy
and to make checks to ensure that no additional
spurious frequencies are present in the output of each

. An output power of 100mW should be availabla
but higher output could be obtained by wse of an
alternative transistor. In significantly highar power
amplifiers the use of the L-pi circuit is recommanded
to achiove aatisfactorily the impedance step-up
rescuuined.

Transmitter for 144 MHz

In this tramsmmitter the crystal oscillator oparates
wt 74 MiHz, the escond stage trebles to 72 MHzZ, and the
third transistor TR3 operates as a frequency doubler
1w the final frequency in the 144 MHz band. The
output is taken directly from this stage to the sarial
feeder, It is most important s mentioned in the
degeription of the previous trantmitter 1o ensure that
no spurious frequencies are present in the output. The
use of sn amplifier at the final frequency would be
desirable and one similar to that forming part of ths
B00mW trensmitter that follows this description
would be suitable.
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Fig.6.87. A 70 MHz transmitter.

L1 42 turns 28 s.w.g.enam. %" diam.

L2 8 turns, 28 s.w.g. enam, overwound at decoupled end of L.1.

L3 18 turns, 28 s.w.g. enam.

L4 5 turns, 28 s.w.g, enam. overwound at decoupled end of L3.

L5 12% turns, 22 s.w.g. enam., 0.3" diam.

L6 5 turns, 26 s.w.g. silk covered, interwound at low potential
end of LB.

L7 8 turns, 16 s.w.g., silver plated 0.3 kH %" digm., %"
long.

RFC 42" 28 s.w.g. enam_, on % ' diam, former

TR1 2G401, Texas: OC170, Mullard

TR2 2GA402, Texas; OC171, Mullard

TR4 2G110 Texas

144 MHz
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Fig.6.88, A five transistor transmitter for 2 metres.
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Coil Details {144 MHz)

L1 25T 30 s.w.g. close wound on %' diam. -
former with dust core.

L2 8T 26 s.w.g. centre tapped 4" diam,

L3 BT 26 s.w.g. spaced cne wire diam. %"
diam.

4 2T 26 s.w.g. insulated wound over L3.

CH1 small a.f. choke with d.c. resistance less

than 250 ohms.
A 500mW Transmitter for 144 MHz.

In this more elaborate design the crystal
oscillator operates at 48 MHz and therefore requires
less multiplication to reach the final frequency. The
second stage operates as an amplifier at the crystal
frequency and this is followed by a tripler stage, with
a pi-coupler to the 144 MHz driver stage. The output
stage in this case is a push-pull pair of transistors with
modulation applied to both the emitters and
collectors. In this amplifier a parallel tuned circuit is
used but some advantage may be gained by the use of
a large transistor coupled to the output circuit by
means of an L-pi circuit.

Coil Details

L1 8 turns 6mm diam. tapped at 4th turn, dust
core

L2 4% turns Brmm diam., dust core

L3 3 turns insulated wound over L2. 8mm diam.

L4 6 turns §mm diam, dust core.

L5 4 wrns insulated coupled to centre of LB.
6mm diam.

L6 2 + 2 turns each side of L5 centre tapped and
at centre of each half.

L7 2 + 2 turns each side of L8 10mm diam.

L8 2 turns in centre of L7 10mm diam.

Al coils wound with 18 s.w.g. wire.

RFC1 60" 36 s.w.g., wound on small insulated
resistor as former.

RFC2 19" 36 s.w.g., wound on small insulated
resistor as former.

CHAPTER 6

10043

OAlI

1000
pF

= (a)

Fig6.89. A simple rf voltmeter suitable as an
indicator for tuning the various stages of these low
power stages. For higher sensitivity a transistor d.c.
amplifier may be used ahead of the meter,

OVERLAY TRANSISTORS

Although data is given in this Manual for other
types of transistors in some of the equipment
described there is doubt that the overlay {planar)
silicon transistors are the most useful for transmitter
applications. The devices now available here and from
the USA offer quite large power output up to and
above 430 MHz.

Overlay transistors can provide - if care is taken -
a very much worthwhile increase in output power and
efficiency at u.h.f. due to their low series resistance
compared with other transistors. All transistors bave
very limited heat dissipation and they can pass a great
deal more current than is good for them.

With an overlay type of structure, as with most
other types of transistors, the collector-base capacity
varies with the voltage on the collector, and that
means that such a device can use the non-linear
capacitanece of the collector-base junction to generate
harmonics of the input frequency, like a varactor. An
overlay transistor, because of its low series resistance
can generate harmonics at an efficiency comparable 1o
a good varactor with the advantage that the output
power is mare than the drive.

AF1H6 4B MHE AFI106G AB M AFIQZ 144 MHE ZN7O8 144 MHZ 2k 25C32 150 MMZ
—;—E —E. —ﬁ— {NEC}
"I AU TRY l o l TR s ] 4
] 1ipF e 47k b el ; ) L AEMIAL
X1 20 RFECE:
5 T TR | | e 2ok [
3 It y
e 47D ] A70pF — T |
- o %RFU ;:. mlé 1 J ] \l s
22N 230 L P
§ Ry 47CpF h 410pF
- % J T — 141/ . . e T
C; l ) l ) ) 95 LT N {
10uF
139 ¥ 4 s600 ‘ seon $ E-s.n RFCZ RFC2 %m:
> < ¥
'— -

Fi] 470oF, :SWD
‘TW" T

e
19553'& a0¢
% ' T bHIMARY l

Fig.6.90. A 500 milliwatt 2 metre transmitter. The crystal is 48 MHz and the modulation ransformer is a
rewound miniature output transformer. Secondary 1 is 15 turns. Secondary 2 is §00 turns.
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An overlay transistor operates in two completely
distinct ways as a frequency multiplier. It must give
gain at the input fundamental frequency and functions
as a varactor diode to make harmonics.

FUNDAMENTAL

2rd HARMONIC

cemeraron | SRERGAY FUNDAMENTAL 2150y (a)

FUNDAMENTAL 3rd HARMONIC

4th or 5th

FUNDAMENTAL
2nd HARMONIC  MARMONIC

Ard HARMONIC was {(c)

Fig 6. 91, trangistor The

Overiay
collector-base function is a shunt connected varactor

multipliers.

diode. (a) 2nd harmonic, (b) 3rd harmonic, {c¢) 4dth
and 5th harmonics.

The collector-base junction in an overlay
transistor and many other types of transistor is very
much like a wvaractor, and so the same circuit
conditions apply to it with one excepticn, if one can
call it that. A transistor is a three terminal device: the
input is applied to a separate electrode from the one in
which the output is recovered. Because of this, it is
necessary to have a fundamental frequency idler in the
output circuit to get gain at this frequency or, the
same thing, to get fundamental current flowing
through the collector-base junction. This idler
develops the drive for a non-linear capacitance to
make harmonics.

FUNDAMENTAL

o= o

Fig 6.92. Common emitter input circuit,

Al the circuits in Fig.6.91 use transistors in the
common-base mode, which is very like the shunt
configuration of a varactor. if the common-emitter is
decided upon, a seriesresonant circuit becomes
essential beivwween the base and ground for whatever
final frequency i wused in the output. The

TRANSMITTERS

common-emitter input circuif is shown in Fig.6.92.
This is more akin to the series configuration of a
varactor.

In the common-base multiplier there is one less
tuned circuit to bother about than in the
common-emitter mode, If the input drive level is jow,
the common-base circuit is considerably more efficient
and provides more gain. If the input power is pushed
up, the efficiency goes through a maximum and then
starts to decrease and is overhauled by the
common-emitier circuit for efficiency and output
power at large input drives (around %W in the
2N4012). So the common-base arrangement saturates
at lower power levels than the common-emitter.
Therefore it seems wise to use the common-base
circuit for fow power stages and comman-emitter for
the high power or p.a. stage.

All non-linear circuit elements are especially
prone to instability and it is difficult to know where
to begin s0 as not to discourage constructors.

High frequency oscillations may be rather a
nuisance. These oscillations can be very close to the
multiplier output freguency and they become very
evident when the drive power is removed. Sometimes
they have no centre frequency and one gets a band full
of noise. This type of instability can usually be cured
by use of as short lead as possible between the base or
emitter {(as the case rmay be} and earth.

fAFC

RFC C

O 4 ! Sy —

Fig.6.93. Small resistance in power supply leads to
stop low frequency oscillations. C must have a low
impedence at both signal frequency and below.

Low frequency oscillation may occur due to the
higher gain at lower frequencies, these may be
frequencies at which the r.f. chokes couid be resgnant
and it is best to add a low value resistor in series with
the chokes as shown in Fig.6.93 to overcome the
problem.

Parametric oscillations can occur if these Lf.
oscillations are allowed to interfere with the harmonic
output (if C in Fig.6.93 has notgot a low impedance to
the I.f. oscillations as well as to the signal frequency).

The use of pi or L coupling will usuatly be
satisfactory for matching into and out from the
trangistor. It is however important, as mentioned
elsewhere in this Manual, 1o include a suitabie filter in
the output to attenuate the unwanted frequencies to a
levet which wili not cause out of band interference.
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The minimum should be some form of high Q
circuit as shown diagramatically in Fig.6.94 but it is
preferable to use a complete band pass filter possibly
of the form given later in the Manual.

A circuit for a practical 144 MHz exciter using
overlay transistors s shown in Fig.6.95 and

o - . g 0 component details are given in the caption.

s o . The circuit for a suvitable amplifier, and its
#:0.94. High Q or Bandpass Jiter component details is illustrated in Fig.6.96.

<O +208Y
/ ¢l
< ll -
2 o
O OUT
701 TRI el
iy | 2N708
2w w08
d ® 10— 40pF
6% 3 L |
] 47003
OF
O+ 2BY

Fig.6.95. A 144 MHz exciter with approximately 0.5 watt output. L1, 6 turns, 18 s.w.g spaced wire diam. 7"
diam.; L2, 2 turns, 22 s.w.g. insulated, interleaved with L1; L3, 7 turns, 18 s.w.g. spaced wire diam., 4 digm.,
tuned with dust core, L4, 5 turns, 18 sw.g., spaced wire diam., %" digm., self supporting; RFCI + R3S, 30 turns,
28 sw.g. enam. nichrome wire, on %" x %" ferrite core; TR1, 2N703; TR2, 2N3553; X, 72 MHz overtone
crystal; ZD1, 14wvolt Zener diode, ¥ watt.

Fig 6.96. A 144 MHz amplifier. L1, 1 tum, 22 s.w.&.
insulated, interleaved with L2, %" diam.; L2, 2 turns
18 sw.g spaced wire diam., %" diam., dust core
tuned, L3, 5 turns, 18 s.w.g. spaced wire diam., %"
diam., airspaced; L4, 5turns 18 s.w.g., tapped 1 turn,
spaced wire diam., %" digm., dust core tuned; L3, 1
turn, 22 s.w.g. interleaved with L4, 1" diem.; RFCI,
2, as Fig. 6.95 TRI, 2N3553. A heat sink will be
necessary, but as the collector of this transistor is
connected to its case, some insulating material must be
used,
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Fig5.97. A 432 MH: 150mW exciter uring @ 2N3553 by a GM290 mounted faro ¢ standard digcasr box
The circuir for this unit is hown in Fig.6 Y8

L sl

AR P o
a3 =EEY
lfaw

Highi-4Q
I Filter
1
| .£ |
i .
Th? |
2M3ASS3 ll.
z LS
b/ ¥ .
\
g i Le
-3
CERARICE BTORF i I " sl
<02 :
FTE L] l
|
|
g zipi,fh {
=, 1
= i)
=28W
O
{a-2mv)

Fig 0,08 4 432 MHz exciter with on owiput of 150mW. L1, 3 twms, 18 w.g ipaced wire dign., & digm
tapped | fiern frope bt end, dusi core bumed; L2, 1 turn, 18 2w g Fisulitéd, intérleaved vwirh L1, twisted lergth
not greater tlan &' ro TR2, L3, 6 furns, 18 vw.g speced wire diom., " diwm., dust core tuned, L&, 5 tums, 18
s w.x., spaced wire diam,, 4% diom., dust core tuned; LS, 4 tuns, 18 s.w.g spaced wire digm., %" diam,, dusi
core tuned; L6, 2 mins, 18 5 w.g spaced wire digm,, & digm., dust core tuned; L7, 1% fems, 14 5w 5" long,
& digm., L8, Any high Q filer (see RSGB Radio Communication Handbook, page 3.30); RFCI, ex Fig.6.93.
TR, GM290; TR2, 2NF553; X, 144 MHz cvertane crystal; 204, 14-voit Zener diode, #§ walt,
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QUTRUT
TG FILTER

Fig.6.99. A doubler or tripler to 432 MHz, Doubler
(216 MHz input): CI, 5 30pF; C2, 5-30pF; (3,
2.5-5pF air spaced; C4, not used: C5, 3- Igg-" air
spaced, C6, 3-11 air spaced: C7, 6-25pF; C8, 1000pF:
C9, 0.05uF ceramic; L1 2 tums, 18 s.w.g. spaced wire
diam., %" digm. L2, 2% turns, 18 s.w.g., %" spacing
%' diam.: L3, not used; L4 4 turns, V&' spacing 4"
id; LS5, 2 rurns, 14 sw.g., /" spacing %" diam.

Tripler {144 MHz input); C1, 8-50pF: C2, 8-50pF; C3,
as doubler; C4, 1040 pF; C5, 6, 7, 8, 9, as doubler;
L1, 3 turns 18 s.w.g., spaced wire diam., %" diam.; L2,
as doubler; L3, 4 tums 18 sw.g " spacing, %
diam.; L4, 3 turns, 18 sw.g., i spacing, 4" dism.;
L5, as doubler. RFCI, as Fig.6,95, RFC2, 4" x %"
Jerrite core, 10 turns, 24 s.w.g. nichrome. Transistor,
2N4012; make certain that this transistor has enough
heat sinkage and that the case is at r.f. earth potentidl.

For use at 70cm, a suitable overlay transistor
circuit is given in Fig.6.98, and again the component
details and coil sizes are to be found in the caption,
An alternative doubler or tripler circuit is shown in
Fig.6.99 with the coil details below.

CHAPTER 6

A HIGHER POWER EXCITER
TRANSMITTER FOR 70cm
USING OVERLAY
TRANSISTORS

In this example four stages are used to reach the
final frequency. The crystal oscillator TR1 operates at
a quarter of the output frequency, a variable capacity
diode VD puils the frequency and this could be used
either for frequency shift keying or a.b.f.m. by
applying a suitable d.c. or a.f. voltage 1o it. The
voltage applied to the oscillator stage is stabilised by
two zener diodes connected in series.

The second stage TH2 operates as an amplifier at
the crystal frequency, this is followed by TR3 and
TR4 both operating as doublers tuned to twice and
four times the crystal frequency respectively. An
output power of about five watts is obtainable, this is
sufficient to drive a DET24 grounded grid amplifier to
16 watts output which, if required, will drive a
4CX250B up to arcund 190 watts using a good cavity
tuned circuit,

Coit Details

L1 8 turns 22 s.w.g. L6 7 turns 22 s.w.g.

L2 7 turns 22 s.w.g. L7 4% turns 22 s.w.g.
L3 7 turns 22 s.w.g. L8 4% turns 22 sw g.
L4 4 turns 20 s.w.g. L9, L10 3 turns 22 s.w.g.

LS 2% turns 18 s.aag. L11 2 turns 22 s.w.g.

t1 to L8 are wound on ceramic formers of %"
diameter. L9, L10 and L11 are r f. chokes.

Qscillator Arnplifier Doubler Doubler
2ZN3BE6 - 22001 ZN3B56 AN3ISE3 2N4012 +I6/18Y
TOOOPF =F F 1
RFCI -:[‘ L] \ .
A3 s 102 ;T|.——_L

ot 4 1085 Mz
flace;s)
pF=

> 150}
4

L2 33
&pF

o
EE“’R a8pF
1 RFC4
3 (uH g

1000 ule

pF sazon

a0l

Q00 -
Cw D
TouA

Tad
I IOOOpFl|IFT

AUDIO INPUT

Fig.6.100. Circuit of higher power 432 MHz exciter.
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1000pF feed through capacitor

FT =
RFCT1 = 3.3 yH choke
RFCZ = 1.0 pH choke

= 108.5 MHz
TR1 = 2N3866 or similar
TR2 = 2N3866 or similar
TR3 = 2N35853 or similar
TR4 = 2ZN4A0Q12 or similar
VD= PC115 varicap diode



COAXIAL LINE
AMPLIFIER FOR
432 MHz

This ampiifier uses a 4CX250B, the anode and
grid circuits of which are both coaxial lines tuned by
disc capacitors with inductive input and output
coupling.

The construction follows standard practice and
consists of a box madz of a main “U" shaped body
with the ends closed and a screen across the box for
mounting the wvalve socket and for isolation of the
anode and grid circuits. The end plates and the screen
should preferably bend around all four edges to
facilitate fixing to the main body. The end plate 10
which the anode line is attached must be arranged so
that it is easily removable for valve changing.

AIR SYSTEM
ANODE LINE  VALVE S0CKET
\
ANODE |
QUTPUT TUNE
COUPLING

CONNECTION

QUTPUT \
COUPLING TUNE
OUTPUT ,\

iNPUT COUPLING

TRANSMITTERS

The box is 84" long and 3%" square (inside)
across section, using 18 swg copper or brass, the lid
should be bent on the long sides so that there is a good
contact between the Jid and the body.

The anode line, Fig. 6.103A, is made of 13"
diameter {outside) tube with 20 swqg wall thickness, at
one end a 2%" diameter flange is fitted and at the
ather, eight equidistant slots are cut for a distance of
1’ from the end. After these slots have been cut, the
open end should close down to a diameter of 1.6 to
make good contact to the valve cooler. The inner edge
of the “fingers’ should be chamfered to assist fitting
to the valve. The fixed plate of the anode tuning
capacitor is attached centrally to one of the end
fingers by soldering, the position of this is arranged to
be opposite to its moving plate.

INPUT TUNE

GRID \L!NE

HEATER, SCREEN
AND BIAS
CONNECTIONS

Fig, 6.101. General arrangement of ithe coaxial line amplifier.
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The end plate to which the mounting flange is
attached has a hole to match the inside diameter of
the anode line for the air outlet. Insulation between
the line and the end plate should be a mica ring,
which, with Hs high dielectric constant, will provide a
substantial by-pass capacitor. For safety it is desirabie
to cover the hole in the end plate with an open mesh
to prevent accidental contact with the live anode line.

The grid line is made of 2 *' diameter tube of 20
swg wall. One end is closed by a disc soldered into the
tube and a clearance in centre of this is needed so that
the line can be directly attached to the grid
connection of the valve socket. As with the anode lineg,
the fixed plate of the grid tuning capacitor is fixed
directly on to the tube at 2 4 " from the valve end of
the line, see Fig.6.103B.

QUTPUT

8NC CONNECTOR

QUTPUT
COUPLING
TRIMMER

1

<K

OUTLET

CHAPTER 6

The valve socket is fitted to the central screen,
with the screen by-pass capacitor flange of the socket
on the anode side of the screen and fixed by the three
elamps provided with socket, The position and size of
the input and output couplings are shown in
Fig.6.102.

Connections to the heater {live side}, screen and
bias supples are made through insulated terminals and
rf chokes. The bias connection is made on to the grid
line at a point of minimum rf voltage, approximately
08" from the valve end of the grid line. The ht
connection to the anode is taken by one of the
insulated screws used 1 fix the anode flange to the
end plate, an rf choke should be fitted externally.

INPUT

BNC CONNECTOR

GRID LINE

THE HEATER {LIVE), SCREEN
AND BIAS CONNECTIONS ARE
FED IN BY RFC’s

1
1
0

AR INLET

Fig. 6.102. Layout of the amplifier.
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Fig. 6.103. Mechanical details of the anode line (A),

Grid Line.. B
MATERIAL ... COPPER OR BRASS
TUBE 205W6 WALL THICKNESS

Tuning Plate

MATERIAL .....
COPPER OR BRASS

grid line (B} and tuning plate.
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CHAPTER 7

MOBILE

TRANSMITTER — RECEIVER
FOR 144 MHz.

Transmitter r.f. Section

The r.f. stages of the transmitter, Fig. 7.1, are
built on a separate 16 saw.g. aluminium chassis
measuring 4 x 10%" x 1%’ and are connected to the
other sections by a miniature 8-way plua and socket,

One section of a QQV03-10 double tetrode (V1)
is used as a Squier oscillator operating on the third
overtone of an 8 MHz crystal. The other section of the
valve operates as a frequency tripler to 72 MHz. A
stabilized 150 volt supply is used for the oscillator and
it was found necessary to operate the tripler from this
supply in order to reduce the grid drive to the
foliowing stage 10 a reasonable level. The grid resistors

are connected to the 12 volt negative supply to
provide protection in the event of oscillator failure.
Adjustment of the oscillator feedback can be made by
altering the spacing between L1 and L2. The
QQV03-10 is internally neuiralized for push-pull
operation but this appears to have no significant effect
on the operation of the circuit.

The anode circuit of the tripler is inductively
coupled to the grid of an EL85{V3} operating as a
frequency doubler to 144 MHz. The grid current of
this stage should be approximately 1.2mA. For c.w.
operation the cathode circuit of V3 is keyed.

The final stage is a QAV0O3-20A(V4) with a self
resonant grid circuit. The p.a. tank circuit is above the
chassis adjacent to the vaive anodes with the aerial
change-over refay (RY 1)} alongside.

The EL85 can provide a grid drive current of
approximately 1.5mA, which is slightly fess than the

& | HTH3I00V
el B3
Vd
OQVO3-20»‘}
: ardpr L7 L8 | s AERIAL
i

! RECEIER
b= AERIAL

| INPUT

:

5
REC
27K O IF
Fariy o) # | ® | sTacE
! - —a | TO ALB
< »
- c 0-00 s M
= (e =
WE
470 SHUNT
bl 1T [ e %
T .00 - J J | EARTH
p :l
. o 2 ® | -2y
:] | 21 wreacov
€ b % | woDuLATED
35K
% /0w
S | roxex
SOOKET

Fig.7.1. Circuit diagram of the r.f. section of the transmitter, L1, 2% turns 20 s.w.g. enam, close wound on %"’
dia, former; L2, 15 turns 20 s.w.g. enam. close wound on %" dia. former and spaced %" from L1; L3, 3 turns 18
s.w.g enam. %" i.d 7' long; L4, 5 turns 18 s.w.g enam. 15" id. %" long, close coupled to L3. L3, 4 turns, 16
sw.g enam. ¥ id %" long, tapped at 2 turns; L6, 2 + 2 turns 14 s.w.g., silver plated 2" i.d. 1 =" long with %"
gap at centre for L5, L7, 2+ 2 turns %" i.d. 12 s.w.g. silver plated 1% long with 4" gap for L8 at centre, L&, 3
turns 16 sw.g %" id. %" long, RFC, 40 turns 36 s.w.g. enam. close wound on 1 watt resistor; RY 1, relay with
one low loss change over contact (Magnetic Devices Lid), X, FT243 type crystal in 8 MHz range.
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wo Sla
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—l2V FROM
RLB2

PHONE

V3O/30NP
T2 \
) HT+300V

—< FRCM RL8I
> 3
= sib
g HT+ 300V
i MODULATED
TO TRANS-

MITTER
PIN 3

-0 EARTH

L

cRYSTAL
MICROPHONE

M 470K

Fig. 7.2, Circuit of the tramsistor modulator. T1, driver fransformer matching 120 ohms to 30 ohms cenire
tapé)ed (Gardners Radio Type GR,33445); T2, 15W modulation transformer matching 20 ohims centre tapped to
4000 ohms ratio 1 + 1: 28 (Gardners type 33446); Suggested alternatives for the transistor types shown in the
diagram are: OC71 (XB105), ACI128 (XC101) and 2-AD149 {V30/30NP} mounted on 3" square heat sink made

of 16 s w.g aluminium.

recommended value, but has proved to be quite
adequate. An increase in drive power could be
obtained by replacing the Et85 with a
Qv03-12(5763), but there would be a considerable
increase in power consumption. The EL85 has the
advantage that the heater consumption is only 6.3
volts (.2A.

A second ELBS{V5} is used as a clamp valve for
the p.a. screen grid. To obtain a satisfactory clamping
action the screen grid of the EL85 is connected to a
tap on the p.a. screen dropping resistor.

A double pole change-over relay {RY 1) with aone
low loss contact set performs the aerial change-over
and also switches a 0-1mA meter from the receiver to
the transmitter. Metering facilities are provided for the
p.a. ancde and grid currents during transmission. The
meter cperates as a signal strength indicator during
reception.

The transmitter power consumption is 12.6 volts
at 1.25A and 300 volts at 170mA.

Modulator

The modulator consists of a three-stage transistor
amplifier, class A driver stage and class 8 push-pull
output stage (Fig. 7.2). The guiescent input current is
approximately 0.3A., rising to 2A., for an audic
output of 12 watts.

A high input impedance is provided by the
common coltector stage {TR1). The first three stages
are directly coupled and to provide d.c. stabilization
the bias for the first stage is derived from the collector
of TR2. Negative current feedback is apptied to the
driver stage (TR4) by the unbypassed emitter resistor,
The value of the resistor was selected 1o give a suitable
overall gain for the particular microphone in use {an
Acos Type MIC 39-1). The driver and modulation

7.2

transfarmers were made to order and full details can
be obtained from the manufacturer.

The output transistors are mounted on insulated
3" x 3" 16 sw.g. aluminium heat sinks on either side
of the driver transformer, while the other stages are
mounted on a paxolin panel 4" x 2%" at the rear of
the main chassis.

In order to avoid oscillation due to r.f. feedback
to the modulator input the first four stages are
completely screened, Particular care is necessary with
the screening of the microphone input lead.

Alternative transistors which would be suitable,
with slight modification of some resistor values are
OC75, GET113 (TR1,2) OC72, GET114 {TR3) OC35,
GET573 (TR4,5,6).

Receiver R.F. Section

This section, Fig. 7.3, of the receiver is built on a
16 s.w.g. aluminium sheet measuring 6" x 4.
Although a crystat controlled converter followed by a
tunable first i.f. would be ideal it was not considered
to be practical in this case. In order to avoid
harmonics of the local oscillator appearing in the range
144-146 MHz a high intermediate frequency would be
necessary and several tunable i.f. stages would then be
required to give reasonable image rejection. To avoid
this complication a simple self-excited oscillator and
fixed i.f. amplifier have begen used, A first i.f. of 5.2
MHz was chosen as commercial transformers are
available for this frequency.

An E8BCC cascode stage (V1) gives high r.f. gain
combined with a reasonable noise factor. The aerial
tapping point, grid tuning and adjustment of the
matching coil {L2) are made to obtain optimum noise
factor.
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Fig.7.3. Receiver r.f. section. C, 2pF per section split stator capacitor (1 rotor plate per section): L1, 3 turns 18
sw.g. 4’ id Ve long tapped 1 turn from earth; L2, 4 turns 22 s.w.g enam. %" diam. close wound: L3, 6%
turns 20 s.w.g. enam. %" id. close wound and coupled to earthy end of L4; L4, 4 turns 18 s.w.g. " id %"
long; L5, 2 rurns 16 s.w.g. %" id. approx. %' long, tapped at I turn; L6, 40 turns 36 s.w.g. enam. close wound
on %" digm, dusf cored former; RFC, 25 + 25 turns 28 s.w.g. enam. bifilar wound on %" diam. former; IFT1,
5.2 MHz i.f transformer (Eddystone); IFT2, one winding of standard 470 kHz if. transformer; X, 5.675 MHz
crystal type FT243; in VI pin 9 is connected to the shield but not to the heater and in V2 pins 4 and J should be

connected.

A 12AT7 (V2) is used as the first mixer-oscillator
and control of r.f. gain is obtained by varying the bias
on the mixer grid. Oscillator injection is provided by a
capacitance of about 2pF connected between the
oscillator anode and mixer grid. This consists of two
short lengths of insulated flex twisted together and
adjusted to give maximum sensitivity. Tuning of the
mixer grid circuit has a small effect on oscillator
frequency. The oscitlator tuning capacitor (C) is
mounted on top of the chassis with L5 above it. Itisa
10 + 10pF receiver type split-stator capacitor with
most of the rotor plates removed leaving only one
plate per section. The 8pF preset capaciter {mounted
below the chassis) and the dimensions of L5 can be
adjusted to give suitable bandspread. The slow motion
dial from a RF26 unit was found to be suitable for the
oscillator tuning, although it was necessary to mount a
%’ bush on the front panel to support the spindie of
the capacitor in order to eliminate backiash.

To reduce oscillator drift the first
mixer-oscillator is permanently connected to a 160
volt stabilized h.t. supply. There is caonsiderable drift
immediately after switching on but after a few
minutes it is acceptable.

The second mixer-oscillator (V4) is another
12AT7 with which the 5.675 MMz crystal gives a
second i.f. of 475 kHz. The mixer output is capacity
coupled to the first 475 kHz i.f. stage.

Receiver 1.F. and Audio Stages

Transistors are used in the remaining stages of
the receiver, which are assembled on an 18 s.w.g. brass

strip 3" high x 8%’ long. The transistors and i.f.
transformers are mounted along the centre of the strip
and tag strips along the top and bottom., The
component layout is very similar to the circuit
diagram. A printed circuit would, of course, be ideal
for this section of the receiver.

in order to obtain sufficient sensitivity three
neutralized i.f. stages are used (Fig. 7.4). A.g.c. is
obtained by returning the base polentiometer of TR1
to the diode detector output. In addition, a reverse
biased diode is connected to the collector of TR1. The
effect of the normal a.g.c. is to reduce the collector
current of the first stage, thus reducing the diode bias
voltage. For large input signals the diode conducts,
reducing the gain of the first stage and increasing the
bandwidth. The TmA meter connected in the emitter
circuit of this stage acts as a sengitive S meter while for
c.w. reception a crystal controfled b.f.o. is included.
An XA103 transistor was used for the b.f.o. as it was
available at the time of construction but an XA101
ceuld also be employed.

The push-pull transformerless output stage
matches directly to a 15 obm loudspeaker and
provides approximately 750mW audio output,
sufficient to produce ample volume under all
conditions. Alternatively several pairs of high
impedance headphones can be connected in parallel
across the output.

Most manufacturers produce transistors for these
stages, e.g. OC45, GETB73 (TR1-4) OC71, GET114
(TRB) GET1156 (TR6-7), slthough some changes in
component values would be required if transistors
other than the Ediswan types specified were used.
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Fig.7.4. Cireuit of the i.f. and audio stages of the receiver, T1, 2, 3, Weymouth Radio type P50/2CC; T4, 5,
Weymouth Radio Type P50/3CC; T6, Weymouth Radio type LEDTI; Suggested alternatives for the transistor
types shown in the diagram are: OC45 (XA 101}, AC126 (XA103), OC71 {XB103) and 2-AC128 (XB131); X,

crystal type FT241A marked 25.5 MHz.

General Details

The receiver and modulator are mounted ona 16
s.w.g. aluminium chassis 8 x 10%"” x 1% and the
complete unit is enclosed in a case of perforated 18
s.w.g. sheet steel. The overall dimensions are 12%°" x
10%"" x 5%’ high,

Deiails of additional power supply switching
arrangements are given in Fig. 7.5. One set of contacts
of the d.p.c.o. relay {(RY2} switches the h.t. between
receiver and transmitter, while the other switches the
12 volt negative supply from the i.f. stages to the
modulator. The receiver oscillastor is permanently
connected to the h.t. supply.

TO RECEIVER

" ¢ OSCILLATOR
FC
HT+ 300V /7 o+ OO0 —o TO RECEIVER
FROM s ausl S8 L X FRONT- END
POWER .____Q), T Q.0l 0-0l
IR = i ot
% i = TO TRANSMITTER
T i > PIN 4 & MOD
PRt —O TRANSFORMER
1
: TO TRANSMITTER
: ~0 PIN 2 & RECEIVER
! HEATERS
i
—> TO RECEIVER I|F
; HLES R & AUDIO STAGES
-12V INPUT | o— Lo = | I
= B— —0 TO MODULATOR
-2y TO 4 angvF r'-l
Eé&%FANAL — —g O TRANSMITTER
Ve I — PiN B
UNI 21500 RED
2w 2
DIAL LAMP
2V Q.2W
2 ]
< !
EARTH e 540 & —0 EARTH
\_/ 000! L

Fig. 7.5, Conirol circuits for the 144 MHz transmitter receiver. The r.f. choke RFC is an Eddystone type 1010
and the relay RY2 a model 596 EB. d.p.c.o. type manufactured by Magnetic Devices Ltd,
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The 12 volt supply for an external h.t. power
unit is taken from the on-off switch. A rotary
generator would be quite satisfactory but the
improved efficiency and regulation of a transistor d.c.
converter are a considerable advantage.

Any h.t. supply voltage in the range 200-300
volts may be used, but when voltages below 250 volts
are used, the series resistor for the stabilisers will have
ta be reduced.

AN ALTERNATIVE DESIGN FOR A
TRANSMITTER—-RECEIVER FOR
144 MHz.

This transceiver is alsa a hybrid design in which
valves and semiconductors are used, but the individual
applications are different from the previous unit.

From these two designs there is sufficient data
provided for an all semiconductor piece of eguipment,
with the exception of the r.f. section of the
transmitter. Where the maximum use of
semiconductors is required, the early stages of thisr.f.
section can be re-designed from data provided from
the transmitter chapter, but it is unlikely that at
present the power amplifier itself would be changed
from either the QOV03-20A or 6146 used in these
designs.

The eircuit diagrams are self explanatory and any
details are to be found in the captions. The coil data is
listed in the table.

MOBILE

Transmitter (Fig.7.6)

Coil No. of Diam Wire Length Trimmer
turns
L1 16 %" 26 close 25pF
wound
L2 5 w16 w 15pF
L3 3 w14 " 15pF close
} coupling
L4 4 %' 14 A 15pF
L5 4% %" 14 % centre 20pF
tapped
L6 1 1~ 16 - 50pF
483 ¥ 34 close -
wound
Receiver (Fig.7.9}
Coil No of Diam Wire Spacing Tap
turns S.W.G.
L1 2% %" 1B 1 dia % from earth
s.w.g.
L2 3 w 18 %" long -
L3 2% a 18 %" long% from earth
L4 15 W 34 close -
wound
Lb 3 W' 34 close -
wound
L6 16 wr 34 close 2 and 4 turns
wound from base
end
L7 b4 % 14 %" long centre
L8 L9 Electronigues Stabcoil No. 27L.2
L10 L11 Electroniques Stabeoil No. 27MX
L12 20 AN 34 close g from
wound crystal
end
6145 O HT4+
265V

ANODE CURRENT

MODULATION

TRANSFORMER
UM

4 B MHz

CRYSTAL
CHANGEOVER
RELAY
2

22l 7%
pF K

| 47k2 100

o 35510 3 - 25pf
T $ 2.5mu ( n
REC ] 1]
2000pF

. | ISOOpF
|GﬁiD CURRENT n

— | 2Y

Fig 7.6, Circuit of fransmitter section of an alternative design for a transceiver.
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Fig 7.8. Microphone pre.amplifier for use with modu-
lator shown in Fig. 7.7,
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Fig 7.9 The receiver Section of the transceiver showing the front end, i.f. amplifier and audio sub-section.
Suggested alternatives for TR2 and TR6 are types AF178 and ACI28 respectively.
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Fig. 710, Power supply for the transceiver. Trans-
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32+ 32T 16 s.w.g. Bifilar wound
14+ 147 16s5.w.g9. Bifilar wound = SWITCHING SEQUENCE, IN ORDER, 1,2,3,4, TO
860T 26 S.W.g. tapped at 680' %TSE-G{JEERFSR;?“ RECEIVE TO TRANSMIT AND
740, 800T
Standby  2.3A Fig.7.12. The wiring for a suitable control unit for the
Transmit 7.8A rransceiver.
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!
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Fig.7.11. Showing wiring of the heater circuit for the
fransmitter section showr in Figs. 7.6 and 7.7.

From the two equipment designs given in this Chapter, there is sufficient material available for an all valve
or all transistor design with the exception of the r.f. section of the transmitter which in both cases is valved.

If an all transistor design is required then the data given under Overfay Transistors in Chapter € provides
much of the necessary information. However, for power levels comparable with the designs given here it is more
gconomical to use a valve power amplifier driven by a transistor exciter.

The provision of the h.t. voltage for such an amplifier does not present any particular problem and fer
equal power outputs the loading on the vehicle battery is likely to be somewhat lower when using a valve
amplifier than with transistors.

In this connection it should be remembered that the gain of transistors are generally significantly lower
than power amplifier valves and this means the additional transistor amplifier stage would almost certainty be
needed to drive the final amplifier.
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CHAPTER 8

SINGLE SIDEBAND

A 144 MHz S.S.B. or
C.W. TRANSMITTER

This transmitter is suitable for operation with
an s.8.b. or c.w. exciter. Although details are given for
particular frequencies, there is of course no reason
why other suitable combinations should not be used,
pbut care should be taken to ensure that the unused
sum or difference frequency does not occur in other
service bands, such as Air Traffic Contro! or television.

in the unit described, which is the complete r.f.
section requiring an s.s.b. generator operating at 7
MHz with a tuning range of £ 1MHz if it is to cover
the whole 2 metre band. The normal sideband channet
used however is 145.41 MHz,

As can be seen from the various illustrations the
components are mounted above and below the chassis
which should preferably be of the type allowing a
botiom cover to be fitted. Various interstage and
other screens are fitted in appropriate positions. The
overall dimensions are 17" x 10" x 3" chassis with an
8%" high panel, the lengith may be either 17" for a
table top cabinet or 19" for standard rack mounting.

The circuits shown in Fig. 8.1 and 82
respectively give details of the two main sections.

The crystal oscillator V1 is an ECF80, the triode
section of which operates as a Squier oscillator, with
its anode voltage stabilised by an OAZ2 stabiliser V3.
The pentode section of V1 is operated as a tripler to
the fina! frequency of 137.7 MHz.

HT+2 250V o
.00

HT+2 250V
-001
'Wl__L L
v ECFBO 5763 -
33K 3
0-005 o— -
ZMETER 2
475K M 0,001  Zshuwt b3
"5'
e oy

aD
b
M)

000!

4
‘l 0-0I5

63V
O

Fig.8.1. Circuit of the oscillator section of the s.s.b. transmitter. A fixed frequency oscillator multiplier chain

with an output at 137.7 MHz. L1, 10 turns, tapped at 3

tums, 24 sw.g, %"id;L2 Itum ldswg 4" id

L3, 5 turns, tapped at 1% turns, 14 s.w.g. %" i.d. Al decoupling capacitors are disc ceramics, and feedthrough

capacitors gre 1000pF, other capacitors are ceramicons.
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Fig 82 Cirenit of the mixer and driver section. L1, 23 + 23 pums, 22 1wig with a 2 turn link in centre, 18
sw.g, K" digm. Al other colls are 4 turns each section, 14 z.w.g, 5" ﬁmﬁ:&w lergth betng

Decoupling
athers aré ceramicons.

V2 (57683) kE a buffer amplifier with a series
tuned balanced anode circuit s0 as 1o provida the out
of phase woliage needid for neutralisation. H.t. is fed
in at the cemre tap of the coil,

The grid and snode circule are suitably scresnsd
from one another, and with cameful neusiralising the
stage is perfectly stable. V4 is o QQV02-8 which isa
gmall double tetrode and i used as a balanced mixer.
The ss.b. signal at 7 MHz is fed into this valve at the
two control grids in push-pull and the 137.7 MHz
gignal i fed inte the common cathoda,

Fig.5.3. Phot h showing the layour of mm
ponents and fines beneath the chassis of the
rransmtirrer.,

The enode cirouit is tuned to 144 MiHz and being
push-pull cancels much of 137.7 MHz signal. VB, &
QOv03-10 and VE, a Q0V03-20, are both operated as
push-pull linear amplifiers under AB1 conditions.

B2

capacitors are dise ceramics, OLOODS uF iypes are s

adfusted te fune,
throughs are 0,001 pF, and all

input coupling loop of the power amplifier by means
of a short kength of coaxial cable. Fixed biss is applied
to the grids of V5 and VB. 2BV for VB and 30V for
Vi is provided from the two potentiometers across the
150v nagative supply.

The power ampiifier valves V7 and V& may be
pither 4% 150A or 4CX 2508 and have tuned limear grid
snd anode circuits. The grid eircuit s a half wave
prrangement tuned at the remote end. At the valve end.
8 differentinl capacitor is used w balance the input
and the valves have 50v negative fixed biss applied i
the grid in a similar manner to that used for the driver

Az shown in Fig. 8.4 the power amplifier valves
aré néutralised by small capacitons conssting of bols
passing through suitable fead through ingulators fitted
close to the respiciive valve anodes. In addition two
small disc capacitors are included to balance the screen
currents. Heater supply for the power amplifier valves
s set to B volis from & 6.3 volt supply. Bias for all
stages s taken from a sultable supply wing
appropriate potentisl dividers, those shown are for a
160 vokt supply. The points X in these dividers can be
opened o provide & suitable means of smand-by
switching without removing the h.t to the driver
amplifier stages. A suiteble rélay would do this and
could be oparated by the VOX or TH smitch.

Test points are provided for all the vertous stagss;
and with a two way 11 position switch these can be
read directiy. An additional position for an r.¥. output
indicator would be an sdvantage,



SINGLE SIDEBAND

J"jgf-‘-'{, The p-g. section. Grid lises, A digi. copper libe, 97 fong, 1 spac g (cenfre o cenire), fmk 3

fowg, 17 spocing, 14 sow.g, onode fines, & plated tubw: 1 losg, 1 SPOCig, Cenfre (o e J'mrrm,r iy
§ v rrdiam. G.00ZF pF capacivors are siand-aff button types, and the screen decowpling is built fnro the bases,

Fig.8.5. Top view of the mansmitter clearly showing the relative positions of the valve anode lires, contrels and
cotipling loop.
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Fig. 8.6. A block diagram of the transverter stage arrangement for the transmitter section.

THE TRANSVERTER

V.h.f. operators are familiar with receiver
converters which transpose a v.h.f. or u.hf. band
signal down to a much lower frequency which can
then be received on a communications receiver or
specially designed i.f. tuning unit. fReceiver converters
are usually crystal controlled so that the stability of
the communications receiver and tunable i.f. amplifier
is virtually the limiting factor as to performance on
the v.h.f. band chosen. Such converters are in common
use on v.h.f, and u.h.f. frequencies up to about 1296
MHz and basically they all consist of three sections
whether they are solid state or valve units. The three
sections are {a) an r.f. amplifier stage, or stages; (bl a
mixer and (¢} a conversion frequency oscillator chain.

For reception work, a popular frequency range
for the communications receiver to tune over is the 10
metre band, i.e. from 28 to 29.7 MHz. This fits in with
2 metres particularly well as that band also is 2 MHz
wide under the European frequency allocation. Taking
a few simple figures for a typical receiver converter for
2 metres, we have first of all an incoming signal
somewhere between 144 and 146 MHz, this is mixed
with conversion frequency of 116 MHz and the
difference product is extracted at the mixer cutput to
give an i.f. of 28 to 30 MHz. Now it does not matter
which way round we take these three sets of

frequencies as far as the mixing process is concerned,
and it is aquite legitimate to take a variable frequency
of 28-30 MHz, mix it with 116 MHz and then take the
sum product which will give us 144—146 MHz at the
mixer output. This set of conditions then is the basic
principle behind all transverter circuits and the process
is only an extension of the converter circuits which are
found in any multiband s.s.b. transmitter covering the
h.f and Lf. bands.

Transverter Design

The basic concept of a transmitter converter is
simple enough, Rg. 8.6, and in practice toa there is no
complicated circuitry. Most v.h.f. operators like io
make their own apparatus to fit in with some general
scheme of cabinet design or matching layout. This
being the case. the following paragraphs will be set out
into a series of sections which can be used in any
physical combination as long as the individual sections
are not altered to any great extent.

Conversion Oscillator Chain

There are numerous combinations of valve types
and coupling conditions between stages which could
be employed, but there are also several circuits which
should be avoided for one reason or another. Taking

KT+

15K

P A

—
c-00 T Q 300V

ATH 106

DRIVE FOR RECEIVER
ww MIXER S

TAGE

y)

CONVERSION
FREQUENCY
QUTPUT

ZQs75-15

EARTH

C-00I i

e A

Fig.8.7. Circuit of the conversion frequency chain and filter.
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the crystal stage first of all, it is advisable not to use a
low frequency to start from, such as the range 6—8
MHz, as this is likely to produce a whole host of
unwanted signals around the crystal chain sub-chassis
which could get into the mixer with consequent poor
results. In a valve oscillator the crystal shouid
preferably be operated at an extremely low leved and
with a regulated h.t. supply. The evacuated B7G
crystals or the FT243 type are very good as oscillators
at around 20 MHz when used in the right circuit. Care
should be taken to ensure that the crystat is well away
from any source of heat, and it should, preferably, be
mounted out of the back of the chassis so that it
operzstes at near ambient temperature.

The oscillator multiplier chain should be simple
and the tast multiplier have a tuned circuit of fairly
high Q which virtually means using the series tuning
arrangement of L and C. The sub chassis will have
quite high level multiples of the oscillator and all its
tuned harmonics present, and as it is imperative that
we have only one frequency at the output of this unit
before we inject it into the mixer stage, the use of a
high Q tuned filter circuit should be incorporated
somewhere in the feedout between the oscillator unit
and the mixer grid input tuned circuitry. All supply
leads to the crystal unit must be properly by-passed
against r.f. radiation. The circuit diagram to achieve
these results is given in Fig. 8.7. This is a well tried
arrangement which is easy to construct and provided a
grid dip oscillator or frequency meter is available
during the lining up process the circuit requires no
particular explanation.

Mixer Circuit

The next stage, which is shown in Fig. 8.8, has
only a single valve, but since the whole working of the
transverter depends on it being made and set up

SINGLE SIDEBAND

correctly it will be described in somewhat greater
detait than the simpler stages. A balanced mixer must
be used and there are several combinations of circuit
which couid be emploved with varying degrees of
intermodulation cleanliness. The circuit which has
finally been chosen has given good results over several
years now and represents a satisfactory compromise
between simplicity, ease of adjustment and good
unwanted freqguency suppression.

From the circuit diagram Fig. 8.8 it will be seen
that the conversion frequency is fed into the sub-
chassis via its high Q tuned filter, and inductively
toosely coupled to the arids of a double tetrode
{Q0OV03-10}. The recormmended frequency for this is
sbout 117 MHz so that a normally available 28 MHz
frequency from the s.s.b. exciter can combine with
this to produce 145.41 MHz, the s.5.b. calling channel
on 2 metres. |t is also possible to use 14 MHz with
131.4 MHz conversion frequency, but a little more
care has to be used in this case as will be explained
later in this section.

The ss.b. signal is injected into the cathode
circuit of the balanced mixer valve and this will in
effect grid modulate the stage. No tuned circuits are
used in the cathode, only resistors, end this assists the
flexibility of frequency change when necessary. The
important point about using this method is that the
s.8.b. drive and any harmonics or other unwanted
signals are attenuated by the balancing action of the
two tetrode halves with respect to the anode
configuration which is push-pull connected, as
opposed to the s.s.b. signal which is in push push. As
with all mixers, the levels of operation are very
important to the correct working of the device in
order to prevent intermodulation producis. A 10dB
ratio between conversion frequency and s.5.b. drive is
considered to be adequate for most amateur purposes,
but this ratio must not be exceeded in an attempt to
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Fig 8.8, The balanced mixer and buffer amplifier.
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get more drive te the linear stages. The correct
approach to this is to make sure that there is sufficient
gain after the mixer to give the required drive to the
linear amplifiers which follow the transverter and
hence the incorporation of the third stage which is a
r.f. buffer amplifier. About % watt of s.s.b. is required
to be fed to the mixer cathode circuit ferminating
resistor and this must be regarded as the top limit and
the lowest value possible should be used. As an
alternative it is quite acceptable to use two v.h.f.
tetrodes separately as the balanced mixer bui this is
more complicated than with the single double tetrode.

Buffer Amplifier

The third stage which has to be built is the buffer
amplifier which follows the mixer and it is usually
convenient to construct it as part of the mixer
sub-chassis which will then match up in size to that of
the oscillator multiplier and so aid the final layout.
Again 2 QQVO03-10 is used for convenience and its
grid circuit is not deliberately tuned but simply
consists of a 2 turn link which is coupled loosely to
the anode of the balanced mixer to give just enough
drive volts for Class A operation. Screening is
incorporated to ensure that the amplifier is stabie, The
power output from this stage should be about 2 watts
p.e.p. This is more than adequate for most linear
amplifiers up to 200 watts rating.

The pbuffer ampiifier not only amplifies the s.s.b.
signal linearly but provides quite a substantial amount
of attenuation to the conversion frequency which is
inevitably present at the mixer output circuit.
Subsequent tuned circuits in the linear amptifiers will
satisfactorily eliminate the remaining conversion
frequency passed through. To satisfy the very
stringent needs for reducing all out of channel
frequencies to the lowest practical level, a high Q
tuned circuit is employed as a simple filter after the
buffer anode either at the input to the linear amplifier
ar alternatively adjacent to the buffer anode circuit
itself. This also helps to give a band pass charactsristic
1o the set up which is advantageous if c.w. and s$.5.b.
working are reguired at widely different frequencies
within the band. This filter is not of so much
importance when 28 MHz drive is used, but when itis
intended to use 14 MHz from a simple exciter, it
becomes essential. The selectivity of the tuned circuits
and the filter is the most expedient way of achieving
good intermodulation suppression with adequate
out-of-band rejection sufficient to mest all GPO
requirements for amateur working. The foregoing
details give the background to the design and circuit of
the transverter.

The P.A. Stage

What kind of stage follows will depend on what
the individual operator requires from his installation,
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but probably the most useful medium power linear
would be the QQV0B6-40A operated in Class AB1 with
about 750 volts on its anode. A circuit for this vaive is
given which wilt fit into quite a small chassis and
cabinet if it is desired to make a complete unit
rather than have several different units. Although
the power supply for the transverter can be
incorporated within the same unit, this is perhaps not
too advisable because of the heat factor and in general,
it is better to have a separate p.s.u. in the same manner

as many commercial ss.b.  transmitters and
transceivers are arranged.
SWITCHED 300 HT+750V
t_n L)
loﬁ W 000!
< & 1KY WKG
W2 RESISTIVERS ;
3 CHOKE (& =

STABILIZED BIAS LINE —20!60g

-
FTT ‘1
EARTH

Fig.8.9. The linear amplifier.

The receiving side of s.5.b. is just as important as
the transmitter. Whether transceive operation or split
receiver working is going to be used, will have to be
for the operator himself to choose, but there is little
doubt that transceive arrangements are by far the most
effective operationally. No matter which method is
adopted, the receiver converter set-up will be the
same. Any existing v.h.f. converter can be used, of
course, provided that the i.f. is correct for the ss.b.
receiver. It is better to take a little r.f. from the last
multiplier in the transverter oscillaior chain and use
this for receiver converter oscillator frequency
injectian.

A single turn loop very loosely coupled to the
E180F anode coil with coaxial cable to the receiver
converter chassis is all that is needed. The original last
multiplier anode coil in the receiver converter can be
link coupled to this new r.f. feed source and this will
give the minimum of modification to the original
circuit and layout. The ascillator chain on the receiver
converier is disabled of course. The receiver converter
i.f. out is fed to the ss.b. receiver or the transceiver
input and the rest is normal operating technique as on
the h.f. bands.



Control Switching

There areé many ways of achigving this but the
main point to considar s that all control shodld b
dongé from and by the £4.b. prime mowver. This g
because if you are accusiomed to a particular facility
you will naturally wani to have the same facility on
v.h.f., such a8 VOX or Press 1o Talk.

The switching for the transveriad and linear s
simple and all that is required is to dizable the sereen
cireuit of the lingar and the ht. supply to the
QQV03-10 buffer amplifier when on recede. Acsrial
changeover 1o the trensverter must be operated from
auxiliary contacts on theé ss.b. ransmitter coniral
cirouit relay or switchas,

Lining Up The Transverter

Al wned circuilts should be checked with the
grid dip oscillator and the cutput of the buffer should
be terminated in 8 2 watt flashlemp bulb. The
oscillator chain must be tested for stability and outpui
power by means of a good receiver and flashlamp
ioop or 8 v.t.v.m. With no oscillator or s.5.b. drive tha
mixer anode current should be sbout 15 to 20mA and
the buffer current will be about 40mA. Check for any
sign of self pecillation by tuning all capecitors and
ensuring thai the anode currenis do not change.

With the conversion frequency strip only
operating drive the anode curmment of the mMiXar up 1o
A0mA wath all multiplier circuits of the oscillatos
chain resonoted, including the drive filter and tho
input coil of the balenced mixer. It iz likely that snode
current will be driven up to B0mA or more on First
daoing this, in which case reduce the coupling from the
filter to the mixer input, still ensuring correct “on the
noss' tune, until the snode current iz 30mA,; Switch
on 555, with carrier to about 2 watt output or so and
ohserve the mixer anode current, which will rise
slightly  Sat the s.sb. sxciter o normal waorking with
maximum autput into load,or from drive stage, into
the transverier veriable drive attenuator control which
is now set to give a peak rise of mixer anode current
bétween ‘carrier on’ and ‘n6 carmer of no more than
Zmif, With thic amount of s.s.b. carrier (or tone) drive,
pesk up the mixer anode and the buffer anode 1o give
oné 1o twio walls in the bulb load.

Adjust couplings to ensure that no grid current is
present on the buffer stage and adjust maximum r.f.
transfer from buffer smode te its temporary load.
Reduce s.s.b. drive 1o suppressed carrier conditions
and see that lemp load goss oul immediately. Connect
the linear amplifier to the transverter output and drive
with carrier insarted as in the previnue test. Tuna tha
145.41 MiHz input filwer to rosononce o5 well o the
linear grid circuit and adjust the coupling between the
o for the start of grid current to the linear.
Ovarcouphs to load by 10% as & good starting point for
the linear to work into, until a mare accurats maans of

SINGLE SIDEBAND

Fie.8.10. Under chassis view of the mansverter,

checking linearity is evailable. 1T a QOVIG-90A 1§ used
with 7560v h.t. then adjust the stabilised bias supply to
the grids 1o give an anode feed of 35 to 40mA standing
curmeént.

Fig8 11, Abowe chassis view af thé FahiSErIer.

Full tone o carfier insertion will drive the anode
current up 1o 200mA on resonance and about 225mA
ofl resonance - do not fun at this level for long periods
or the valve will be damaged. Having comploted the
c.w. test, then increase the anode current fo en sverage
of 120mA maximum, adjusting the drive after the
£.5.b. exciter volume control has been set for normal
working conditions. Adjust the ssb. drive after this
has been done, on the trensverter wariable
potentiometer control. The QQV03-10 buffer must be
in Clags A, so adjust input coupling for this. Again
adjust couplings for AB1 operation of the linear. The
ioozer the ooupling the better will be suppression of
any spuripus frequencies. Each stage has moro gain
than is requingd, so reduce the power on the coupling
coils but maintaining tuned eircuit mesonance within
the pess band.

B.7
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Other Bands

For those who intend to operate on 70 MHz the
table gives useful crystal drive frequencies with 14
MHz ss.b. drive. No change is needed apart from LC
constants and the fact that the E180F stage is made
into a buffer instead of a doubler. It has its grid circuit
inductively coupled to the anode of the multiplier
through a four turn coupl?pg coil, and screening
between the input and output circuits. For 70cm a
transverter is quite a practicable design and some
details of this are given later in this chapter.

Conversion S.s.b. Drive
Band Frequency Crysial Frequency
70 MHz 1.f. 6.225 MHz 14 MHz
h.f. 6.275 MHz
144 MHz cw. ©6.420 MHz 28 MHz

s.5.b. 6.500 MHz

DUMMY LOAD ATTENUATOR

To drive a transverter with ssb. such as
described it is only necessary to have a p.e.p. output
from the exciter of about one wsatt. This can
sometimes be obtained from the penultimate stage of
the exciter unit, but not always. Most low or medium
power s.s.b. transmitters have a 6146 or perhaps a pair
in the final, which means 50 or 100 watts p.e.p.
output r.f. This power level is far too great for the
transverter to accept and this has to be reduced. 1t is
not possible just to turn down the audio gain control
on the s.s.b. exciter, as this does not in any way
attenuate the suppressed carrier, transmitter noise,
spurious carriers or combination products which can
drive the transverter at full output with the most
undesirable results. For simplicity # is very much
better to run the complete s.5.b. exciter or low power
ransmitter into §ts usual dummy load at its design
power level and to take a portion of the ioad r.f.
voltage and feed this to the transverter input
attenuator potentiometer. By terminating the ss.b.
transmitter in its correct load and operating normally,
all spuricus and other carriers are the normal amount
down compared to peak output. It is also more
convenient when changing from h.f. to v.h.f. band
operation. Also the s.s.b. transmitter does not have to
be modified to fit links around smail driver coils or
switches in h.t. and heater supplies to the transmitter
high power stages.

100pF
'e'.lRIlBLERTR:;ﬂSEPﬂ.“CED
AIR=

FROM SSB Q
TRANSMITTER® H ~OTRANSMITTER

2500 0R 7501

S25- S50W

=

Fig.8.12. The dummy load attenuator.
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If a commercial dummy load is not available then
a satisfactory substitute can be made from a 50 or 75
ohm carbon resistor of 25 or 50 watt rating as
described under power measurement. The 'hot’ end of
the load i5 taken to a 10/100pF variable capacitor and
this is connected to the inner conductor of the coaxial
lead which plugs into the transverter ‘s.s.b. input’
socket. The correct setting of this capacitor will be
that which produces about seven volts r.m.s. across the
transverter input attenuator with its setting at
maximum gain and the s.5.b. exciter producing its
maximum rated power output into the dummy foad.

For s.s.b. transmitters with a single 6148, or the
equivalent, in the output stage, a suitable dummy load
attenuator can be made with ten 500 ohm 3 watt
carbon resistors in paralel and fitted into a large
diecast box with its series capacitor and appropriate
coaxial sockets for input and output r.f. Apart from
the v.h.f. applications, the load attenuator is also
useful for loading the driver stage of a large linear
which has normal tuned input circuits and so only
requires small driving power and much less than the
exciter normally gives. It alsoc provides a useful
monitoring device for connecting to an oscilloscope or
linearity detector when testing the h.f. band
transmitter as well as other equipment.

THE VARIVERTER

Transmitters for v.h.f. and u.hf. are usually
crystal controlled. The use of crystals for common
freguency working or a ‘personal frequency’ has
something to commend if, but from an operating
point of view it can be very tedicus and timewsasting
to have to search over a band which is hundreds of
kilohertz wide in the case of four metres and several
megahertz for 2 metres and 70 centimetres.

Design Concepts

Perhaps the most obvious method of v.i.o.
control would be to make what is in effect, a crystal
substitute and plug thig in to the crystal socket. This
has several disadventages, the most obvious one being
that of stability. A fairly reasonable v.f.o. for 8 MHz
may have a drift of 1 kHz per half hour. This would be
perfectly adequate if the drift were not multiplied in
the transmitter stages, however, as we know, to get to
2 metres an 8 MHz oscillator frequency has to be
multiplied by a factor of 18 - that means a drift rate of
18 kHz per half hour. This of course is not acceptable,
all the more so as there is a degradation of tone which
is a frequency function as well. Another idea has been
to use a Kaliatron oscillator on 72 MHz in a very well
made box. Both these systems have the same difficulty
when it comes to eliminating pick up in the receiver of
the oscillator drive frequency on the band which is
being used. In other words, it is not possible to



operate net frequency unless the v.f.0. is switched off,
and if this is done, the drift becomes even more
intolerable. A more workable system is, of course, to
arrange a simple system of frequency shifi, which is
easily done with a varicap diode, but a different
approach may be made for a v.f.0. with the stability
that is suitable.

in the design of 5.5.h. transmitters, it is necessary
to mix the v.f.0. plus s.s.b. generated signal with a
crystal oscillator conversion frequency to achieve the
final frequency. This is a very old principle and one
which is almost universal in its application to present
day variable frequency drive generation. Hs main
advantage is that there is no multiplication of drift or
frm hum noise. If the v.f.o. is stable to 100 hertz, then

broadly speaking so will be the output on the final

frequency. The same thing can be done to derive a
stable v.h.f. output from a low frequency v.f.o. drive.
To take practical figures: if an 8 MHz drive were to
have a 1 kHz drift per half hour as in the previous
example, and if the crystal conversion frequency drift
were to be 100 hertz per half hour, then a v.h.f. drive
with a drift of 1.1 k#iz per half hour would result,

Variverter Principle

The word variverter has been coined from
Variable Frequency Converter and it is basically a
mixer, oscillator and amplifier arrangement which will
changea crystal controlled driveata frequency of 144-f
MHz into a varisble one covering 144-146 MHz,
where f is a variable low frequency of 2 MHz range. To
take a practical case: a crystal controlled cscitlator
operating on the third overtone of 7.3 MHz will give
21.9 MHz which when muhltiplied up by 6 will produce
131.4 MHz at the output of the chain. If a v.fo.
covering 12.6 to 14.6 MHz is added to 131.4 MHz, an
output of 144.0 1o 146.0 MHz will be available, The
choice of these rather odd frequencies will become
apparent a little later when the other benefits of the
system are decribed. The Variverter is a “black box"
which has a variable frequency element built into it
for converting crystal drive to variable frequency
drive.

Variverter Practice

From the block diagram of a modern crystal
contralled v.h.f. transmitter, it is seen that it consists
of, {a} a crystal oscillator and multiplier chain; b} a
low power r.f. amplifier and possibly {c} a high power
final r.f. amplifier. The cutput of the multiptier chain
is usually about a half watt and sufficient to drive the
low level amplifier into Class C conditions, The
coupling between the last multiplier and the low
power amplifier is usually inductive or by means of a
link line. Whatever system is used, the first step to be
taken to use the Variverter method is to screen the

SINGLE SIDEBAND

output multiptier anode coil from the low lavel
amplifier grid and institute a new coupling circuit
between the two stages, one which is link coupled to
both, but the route is taken via a pair of sockets
mounted at some convenient place on the rear of the
transmitter chassis apron. These two sockets are
connected together by a short double endad plug lead
and thus the v.h.f. transmitter is not out of action
whilst the Variverter itself is being made, but when it
is ready it can be connected into the transmitter in
place of the toop after changing the transmitter crystal
frequency and retuning the multipliers to give an

output frequency of 131.4 MHz.
- RF AMP ‘

CHYSTALY | st | [ Ind | (RF AMP

o5t MULT MULT i 2
4 OR 8 MHz
CRYSTAL

Fig8.13. Block diagram of typical medium power 2
metre transmitter showing the r.f. link-up,

The 131.4 MHz is fed out of the transmitter into
the Variverter, its output will be half to one watt on
144-146 MHz range, this is then fed back into the
transmitter, to the low level amplifier grid input
circuit.

cRYsTAL| | ist | 2nd RF AMP || RF amp Y
0s¢ MULT MULT ' 2
TS00MH2
CRYSTAL
i VARIVERTER

Fig8.14. The same transmitter as Fig.8.13. but with
the Variverter unit interposed.
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’

TO VARIVERTER INPUT

FROM VARIVERTER OUTPUT

Fig 815, Illustrating the coupling between stages
when using the Variverter unit.
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Constructing the Variverter

It = host to choosa a cahinet and chassie of
reasonable dimensions 1o contaln @ receiver type
power supply and three single valve stages. The thres
stages are [a) v.l.o., (B} balanced mixer and (¢l buffer
amplifier, The vfp, is of the conventional high C
glectron coupled oscillator type operating with 8 6.3
to 7.3 MHz tuning range in its grid cireuit and
doubling in the anode with a medium impedance
output link to the grid cemtre point of the balanced
mixer sweoe input. A good slow motion dial is essontial
for a w.f.o., and preferably one with a fest and slow
spasd of motion 1o enabie & quick changs in frequency
and accurate resetting to be sffected with certeinty.

Fig 8. 16. A general view of the Variverter.

The balanced mixer i€ a QOVO3-10 double
tetrode valve or two 5763, but the former is slightly
more efficient than the lamer. The output is
inductively coupled through a 2 wurn link direct to tha
grids of another OOVO3-10 which operates under near
claze A conditlone and this amplifies the power up to
at least & wett of r.f. ouypur which 5 more than
enough 1o fesd back 1o the wransmitter r.f. amplifier
stage. Filters are used to ensure that spurious
froquencies are kept to & minimum, particularly those
out of the band. The particular mixer conliguration
used effectively reduces the v.f.o. frequency and s
harmonics at its anode circuit, and the tuned circuits
and filter which follows the mixer eansure that
unwanted products are attenuoted to a level practical
for amateur operation. Since the crystal chain final
frequency and the unwanted mixer products may bo
radiated, it is essential to screen fully the circuits and
preferably to feed the aerlal through a band pess filter.

Tha circuits are quite straightforvward and can be
easily followed from the diagrams and photographs. If
the Wariverwer is arranged to operate continuously
then there will be little or no drift after the v.f.0. box
and i1z components have achieved a steady
temperature. With insmant switch on the drift shouid
not be more than 2 kHz in the first hour and this will
settle to a few hundred hertz thereafter.
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dnil HULTIPLIER AF AMPLIFIER
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Figd.17. A commeon form of interstage coupling
between fust mudtipiier anode ond flrst ampliffer grid

Adjustment of Mixer and Buffer

With any mixer it iz important that it ba
operated eorrectly in order to prevent intermodulation
products and consequent Spuriows radiations. The
Variverter is no exception to the foregoing. Care must
be taken to ensurs that the mixer is not overdriven,
Maks sure that the w.f.o. drive is sbout 1/10ih of the
canversion frequency drive and eouple each stage just
angugh to produce the drive or cutput needed,

Fie 8,18, Showing a modified interstage coupling
between the fingl multiplier anode end first emplifier
grids incorporaring an ex temal ink connecrar,

With the aid of o general coverage recoiver, cheok
the range af the wning of the v.f.o. and s doubler
output and adjust capacitors and coils 10 suit, check
thet the stsbiliser tube is operating corréctly and
measure drift and tonal quality of note with the aid of
o b.f.0. or frequency standard. The anode coils and the
output filter tuned circuits shouwld be st to 145 MHz
initially with & g.d.o. Termingte the cutput in a small
lamp load with moderate couplings throughout the
unit. Afrer this preliminary setting up, the adjustmant
should preceed as follows. dsconnect the v.f.o. h.t.
biit leawe all other h.t. connections made. Switch on
the unit and measure anode currents without any drive
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Fig 8.19. Circuit of the Variverter unit. Point X is for insertion of external 14 MH{z drive for use with csb. a.m.,
or e.w. TP 1.3 are Jor checking working conditions when Hming up the unit.

connected to the mixer nput. The mixer anode
current will be about 15mA and the buffar smplifier
about 40mA withan b, rail of 300 vole. Chack 1o 28
that there i no self oscillation which will indicate irs
presence by variations in anode currents ar flluminated
ioad lamp in a severe case. it is unlikely that any self
oscillation will take place, but if there is, the screening
benween sitages should be checked for adequacy.
Having passed ihe static and stability tests, drive from
the transmitter at 131.4 MHz should be applicd whilst
watching the anode feed on the mixer. Trim the inpur
filter and the mixer grid for maximyum drive, Adjust
the fittar tn grid enil coupling to set mixer anode
current gt 30mA maximum, Switch on h.a. 1o v.fo.
and set v.f.o. 10 13.4 MHz. Waich rise of mixer anode
current to see that it is not more ithan one or two MA.
Reduce coupling to the v.fo. anode circuit it i8
more than this amount. Tuna the mizer and buffar
anode circuits and cutput filver and the lamp will light
at sbout one watl level, Adjust the input coupling to
the buffer under these conditions until no grd curmant
shows in the centre tap resistor. Adiust output filer
for maximum r.0. Whan agll the foregoing have baen
completed the Variverter is in a namow band working
conditien. Te make It broadband, a lirtle stagger
twning of stages is required and slight increase of

coupling 1o maintain & fairly sven lavel of & watt of
r.f, drive outpul. The iamp is remowved and the output
taken to the tranemitter first amplifier input and the
transmitter checked owver for drive adequeecy and
general working conditions into a dummy load. Each
of the two drive sources to the mixeér should be
switched off im wm tw check that no signal
whatzodver & radiated under this condition,

Fig.8.20. Showing rhe under chassis view of the
Variverier,

a1
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All the normal transmitter switching can be used
with the Variverter 5o that there is nothing 1o modify
on the trangmitter in this respect. If there is no crystal
drive theére ¥ no cutput signal at 145 MHz and the
station roceiver functions normally. Switching on the
crystal chain will produce a 2 metre signal from the
mixer and this can be used for netting on o the
channel desired before applying Kt to the r.f.
amplifier and rediating.

Additional Benefits

All that is required 10 radiate 2.5b. is to drive the
balanced mixer with 14 M2 seb. st about the ane
watt Iewel instead of the v.f.0. In the Variverter, and
out comes £.5b. on 2 metres. The disgram, Fig. 8.19,
shows the preferred methoed for dising this which doss
not cause complications if a.m. working is also
required. The erystal frequency of 131.4 MHz was
deliberately chosen with the eventual use of ss.b.
in mind. I 14,01 MHz2 is used from a 8.5.b. axciter, add
this 1o 131.4 MHz 1w meke 14541 MHz the s.s.b.
channel internationally wsed in Europe and this
country for teo-way 45b. contacts. The Clas A
buffar alen was pdapted o that ee b, signale could pase
through without distortion,

Fig.8.21, Front view of the Varivorter.

Although the details given are for 2 metres,
similar circuits can be used on 4 metres with suitable
caile and tuning ranges. Crystale which can be uged for
4 meires with 14 MHz drive are 6225 or 6250 MHz,
operated in third overtone to help kesp unwanted
beats 1o the minimum.

A High Power Linear For
144 MHz.

The QOV0E-40A & suitable as g linear
amplifier for either 2 or 4 metres for up to 80 watls
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pep. cutput under AB1 conditions. In onder io
achiave the legal limit of 400 watts pegk r.f. output
with lingarity, it is necessary 1o use larger valves. The
4160 soriee of tetrodes sre the obwvious choice
because of thelr efficiency up 1o 500 MHz. Although
these types of valves are of quite-old design, they are
likely to be used for at least another decede.

Layout and General Design

The linsor descrilbed was deliberstely made
physically large so as to prevent any difficulties being
mét with when it came o operation. A box
congfruciion with three separate compartments is
used, the first campartmant, which contains the grid
tuning assembly, Is made airtight and presurised from
a targa air blower. Adequate cooling of the valves s
esenthal for satisfactory parformance,

The anode lines 1on must be efficient and as loss
free as possible as they can oid in the general cooling if
designed properly. Standaerd copper tube stock can be
obtained which will jusi make a closs fit over the
anode cooling fin assembly of the 4X150 series
valves, and this makes on excellont basis for an
afficient anode circuit of reasonable size which is easy
1o couple to and 3lso readily parmits valve changing
when this becomos necessary. The cooling air, after it
hpg pemed throogh the gir flow socket ond the actual
anode itsell, passes down the ancde lnes which gei
hot after conducting the heat away from the valwe.
The cooling air keeps the ling temperature down
effeciively and this in turn keeps the anode cooler
than it would b on it own. The thort circuit bridge
ai the h.i. feed end of the lines must be a good fit with
best guality copper used in a thoroudghly well clamped
arrangement. The anode tuning is effected by means
of a flap of copper acting between two large plates
mounted undermesth tho lines; the plawes are
separately adjustable 10 give a slight varigtion of anode
to anode capacitance so 85 to allow the main variable
tuning flap to be set at a practical gpacing to cover the
band. The h.t. end of the lines are supported by a
p.f.e. plete mounted on a dividing partition, and the
kit feed leads o the bypas cgpecitor and
chokefresistor pass throwgh this. These componenis
are thug in a field free area which prevents any troublo
from r.f, affecting the h.1, choke or getiing on o the
h.t. cable. The hot air from the lines passes out of the
side of the box through s wire gauze outlet. This
makes it wvery oasy to check equality of heat
dissipation fram the two wvalves wndor working
conditions with salety; no dangerous poientials are
exposed on that side of the compartment,

Electrical Design

Push-pull operation of the two valves iz
employed for efficiency and ease of neutralisation.
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Fig 8,23, Circuit of the high power 2 metre linear
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The input is a split arid coil ‘series tuned’ arrangement
with a drive balancing differential capacitor across the
tuning condenser. Wirewound resistors are mounted at
the r.f. dead point on each coil for connection to the
bias to each grid. Separate grid and screen current
metering i8 provided. The combined anode currents
are measured for simplicity and to prevent loss by
having to divide the anode short circuit with a
capacity assembly. The cathodes are multi-pin and
connected to earth on to the air sockets by thick wire
or copper tape. All supply leads are screened up to the
feedthrough capacitors mounted on the grid
compartment rear wall. Preset coupling of the input
link is used on the grid assembly and this link is
connected by coaxiat cable from a socket at the rear.
Split stator tuning of the grid to grid circuit is
employed. Feed through insutators for the neutralising
jeads are mounted close to the air sockets and
connected to the two grid terminal soldering lugs on
ane side and to small flag-like plates on the anode side
of the screening partition. The feedthroughs are
electrically screened from ‘seeing’ the valve screen
assembly by two semi-circutar shields made from
copper sheet, The anode lines are quarter wave long
with the smallest amount of end capacitance practical
to tune them. The aerial feeder is Pawsey stub
connected and this stub is mounted above the anode
lines, Tuning of the stub is by flexible cable drive to
an end mounted split stator capacitor.

Alignment Procedure

With the valves in circuit, and no power on, the
input and output can be checked by g.d.o. to enable
caoil and line adjustments to be made to give resonance
on 145 MHz. A quick check on the neutralising
adjustment can be made by coupling the grid dip
oscillator to the anode lines whilst tuning through
resonance on the grid - the plates are adjusted for the
condition of 'no kick” when resonance is passed
through, indicating little or no coupling between the
input and output circuits.

The heaters are switched on after the blower has
been running for a few minutes and the air flow
checked on the end of the anode lines. No more than
6.0 volts should be permitted on the heaters and no
harm will be done if it is kept down to 5.8 volts as a
certzin amount of cathode back-bombardment will
take place when the amplifier is operational, and this
will ingrease the cathode temperature and emission as
a consequence.

After the heater voltage has been adjusted, the
top cowers are put on and screwed down. Apply grid
voltage and check for grid heater contacts by
observing that there are no reversed grid current meter
readings. Apply a little r.f. drive to the grid circuits
just sufficient to show some grid current, and adjust
for balance with the differential capacitor in
combination with the grid to grid tuning control.
Swing the anode capacitor through resonance and see
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that there is no dip of grid current over the whole
anode tuning range, if there is, re-adjust the
neutralising plates until no reaction is seen. Remowve
the r.f. drive and disconnect the screen supply voltage.
Switch on the hit. at about 1500 volis or jess and
observe the anode current, which should be zero under
these conditions. Now apply drive to the grids just
sufficiently for the start of grid current and observe
the anode current meter which should still be at zero
or just reading a littie current at anode resonance. If
there is some anode current, then note its value and
switch off and isolate all dangerous supplies. Earth
anode lines with an earthing wand before touching
anything inside the compartments. Make a smail
adjustmeni to the neutralising flags one way and
repeat the previous operation still without screen volts
on the unit. If the anode current is now nearer zero,
the neutralising has been done the right way. When no
further improvement to the neutralising can be
obtained, the amptifier should be checked under r.f.
power conditions. Connect a load and reflectometer to
the output r.f. socket and couple the Pawsey stub
fairly tightly to the anode lines as a commencement.
Without r.f.drive, switch on power to the amplifier, this
time with screens connected to their stabilised supply
at a low voltage. Set the grid bias for 100mA. anode
current. Leave things like this for a minute and then
feet the air outlet and see that both valves are about
the same dissipation, which they will be if their
emission is good. Increase the screen voltage towards
360 in gradual steps. Stil with no drive, make
perfectly sure that the amplifier is stable by trying
every combination of grid and anode tuning capacitor
settings. The anode current must not move at any
tuning point at any time. If this test is satisfactory and
it must be befare proceeding any further, apply a very
little r.f. drive and tune the anodes for maximum in
the forward power position of the reflectometer or
load meter. Adjust Pawsey stub tuning for maximum
power. Increase the drive up to grid current point and
load up the anodes to about 460mA. Check power
output if this can be done, and see that it is about 400
watts r.f. when the key is pressed. Overcouple by 10%
to get a reasonably linear condition. Check on a local
receiver, with its aerial input terminated in a resistive
load, that there is no “hash’’ audible just off tune with
different r.f. drive inputs which would indicate
possible parallel mode instability, If alt is well, then
the aerial can be connectad and the power gradually
applied by means of the s.sb. drive control. A
reflectometer check on standing wave and r.f. power
should be made before putting out a call on 145.41
MHMz. The help of a local station should be enlisted to
ensure that the transmission is clean and free from
unwanted combination products, but do choose
someone who knows what to look for and who is
experienced in 5.5.b. operating.

Making a linear as described is not for the novice,
but for the amateur who has both technical and
practical ability, it should not be difficult. The



voltages used are lethal, so absolutely rigid discipling
must be exercised when getting the amplifier lined up.

The h.t. is left on at all times and is not switched
by the control system. it is good practice, however, to
remove the screen voltage during reception periods
and to over bias the grids. This can be done through an
auxiliary relay operated from the control circuit on
the s.s.b. exciter. Make sure that the aerial changeover
relay is very quick acting and that r.f. is not available
untit a few milliseconds after the relay has mada
contact. Power supplies for an amplifier such as this
are conwventional in design and this information can be
obtained from the RSGEB Aadio Comnunication
Handbook.

SINGLE SIDEBAND

400 watls p.e.p. output and an aerial system of
13dB gain would mean an e.r.p. peak of 8kW, and that
is a great deal of power to wield about on the band.
For a local QS0, the s.s.b. transmitter drive control can
be turned right down to achieve whatever paower is
adequate for a reasonable signal to be received.
Linearity of the final will be very good, o course,
under such conditions. Full power shdtld only be
resorted to for really long distance trafsmission or
when fading is very deep. For satellite comrmunication,
high power ss.b. is very useful, particularty if a
synchronous satellite should ever be put up at its great
height above the earth. Meteor scatter phone work and
aurocral bounce communication is quite feasible on
s.s.b., but the full power is really required to do this at
all successfully.
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AERIALS

in the v.h.f. and u.h.f. region there is a greater
thoice of aerial design available to the average amateur
since the dimensions of the individual elements allow
relatively elaborate arrays to be erected without too
much trouble.

The actual choice will 1o some exitent depend on
the operator's interests and usually the array will be
required to be fully rotatable. Because of the retatively
small size of these aerials, high gain, multi element,
narrow beam width aerials are extensively used,
especially for long range working; alternatively very
satisfactory general purpose performance can be
obtained with a simple two-element quad. Height and
good siting is of greater importance at these
frequencies than at the lower frequencies, and in
addition the length of feeder with its loss sets some
limitation on the position of the aerjal relative 1o the
equipment.

Mobile aerials are very practical at 70 and 144
Mhz, and excellent performance can be obtained from
whip and halo types respectively, using quite low
power outputs.

For those who want only local contacts, simple
omnidirectional aerials, such as a true slot, can be
instafled inside the roof space. At the highest
frequency band covered in this Manual, 23cm, both
dish and corner reflector type aerials are used
extensively, and similar aerials are normally necessary
for 2m and 70em when long range work, such as moon
bounce, is to be undertaken.

Power Gain and Beamwidth

A simple way to appreciate the meaning of aerial
gain is as follows. Imagine the radiator to be totally
enclosed in a hollow sphere, as indicated in Fig.9.1. if
the radiation is distributed uniformly over the interior
surface of this sphere the radiator is said 10 be
isotropic. An aerial which causes the radiation to be
concentrated into any particular area of the inside
surface of the sphere and which thereby produces a
greater intensity than that produced by an isotropic
radiator fed with equal power, is said to have a gain.
This gain is inversely proportional to the fraction of
the total interior surface area which received the
concentrated radiation.

The gain of an aerial is usually expressed as a
power ratio, either as a multiple of so many “times’”
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Ao ILLUMINATED ARFA Y
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Fig 9 1. Radiation from an aerial An isotropic
radiator at the point O will give uniform
“flluminarion’” over the inner surface of the sphere, 4
directional radiator will concentrate the energy intoa
bheain which will illuminate only a portion of the
Sphere as shown shaded,

or in decibel units. For example, a power gain of 20
times could be represented as 13dB {i.e. 10 logyy 20}.

The +truly isotropic radiator is a purely
theoretical concept, and in practice the gain of beam
aerials is usuwally compared with the radiation from a
single half-wave dipole fed with an equal amount of
power. The radiation pattern of even a single half-nave
dipole is markedly non-uniform, and in consequence
the power gain of such an aerial compared with the
hypothetical isotropic radiator is about 50 per cent
{i.e. 3/2 times or 2dB}, but since the half-wave dipole
is the simplest practical form of radiator it is generally
acceptable as a basis of comparision.

MINOR
——— LOBES

Fig. 9.2, Typical polar diagram of a v.h.f. aerial The
froni-to-back ratio is represented by F/B.

MAJOR LOBE




The area of “illumination’” is not sharply defined
as shown by the shaded region in Fig.2.1 but fallsaway
graduatly from the cenire of the area. The boundaries
of the iluminated area are detsrmined by joining
together all points where the radiation intensity has
fallen by half (i.e. 3dB): these are known as the
haif-power points. The gain of the aerial can then be
determined by dividing the total surface arez of the
sphere by the iluminated area: e.g. if the total surface
area were 100 sg. cm., and the illuminated area
bounded by the half-power points were 20 sg. cm,, the
gain of the aerial would be five times or 7dB. The
radiation in any particular plane can be pilotted
graphically, usually in polar co-ordinates; such a plot is
cailed a polar diagram. A typical polar diagram is
shown in Fig.9.2. The area of maximum radiation is
called the major lobe. Spurious radiation occurs alsa in
other directions and these argas, when small compared
with the major lobe, are cailed minor lobes. All
practical aerials exhibit such Jjobes and the aerial
designer frequently has to compromise to obtain the
optimum performance for any particular application.
For example, an agrial may be designed for maximum
front-to-back ratio, i.e. for minimum radiation in the
direction opposite to the major lobe. To achieve such
a condition it may be necessary to sacrifice some gain
in the major lobe {or forward radiation) with a
possible increase in other minor lobes (or side lobes)
and thus the designer will need to consider all the
implications before finalizing any particular design.

In practice the radiation from an aerial is
measured in a horizontal and a vertical plane. The
bearmwidth is the angle between the half-power points
in the plane under consideration. The vertical polar
diagram is greatly influenced by the height of the
aerial above ground. the higher the aerial the lower
will be the angle of maximum radiation, and at the
same time the effects of neighbouring objects such as
houses will be minimized. The important requirement
is 1o piace the aerial well clear of such objects and this
frequently means as high as can be safely achieved.
Any aerial which has the property of concentrating
radiation into any particular direction is said
possess directivity.

Bandwidth

The performance of an aerial array generally
depends upon the resgnant properties of iuned
radiators such as dipoles or other frequency sensitive
elements, and therefore any statement regarding its
power gain or beamwidth will be valid only over a
restricted frequency band. Beyond the limits of this
band the properties of an aerial system may be
entirely different. Hence it Is useful to define
bandwidth as that range of frequencies over which the
power gain of the aerial array does not fall by more
than a certain percentage as compared with the
frequency at which maximum gain is obtained {e.g. a
bandwidth of 15 MHz for a 50 per cent reduction in

AERIALS

power gain). Alternatively the bandwidth may be
defined as the frequency band over which the
standing-wave ratio of the aerial feeder does not
exceed a prescribed limit (e.g. a bandwidth of 10 MHz
for a standing-wave ratio not exceeding 2:1). The
tatter convention is the one generaily used.

Capture Area or Aperture

Besides examining the action of a transmitting
aerial array in concentrating the radiated power into a
beam it is also helpful to examine the way in which
the same aerial structure will affect the reception of an
incoming signal. In this study it is convenient to
introduce the concept of capture area or aperture of
the aerial. This concept is frequently misunderstood,
probably because it may appear to relste to the
cross-sectional area of the beam (as represented by A
in Fig.9.1): it is in fact related to the inverse of the
cross-sectional area of the beam inasmuch as an aerial
which has a high gain usually has a sharply focused
beam (i.e. one small cross-sectional area} but at the
same time the capture area of the aeriat is large. The
larger the capture area, the more effective is the aerial
as compared with a simple dipole,

The actual size of the aerial system does not
always give a reliable indication of the capture arga. A
high-gain array may have a capture area considerably
greater than its frontal area as determined by its
physical dimensions. The fundamental relationship
between the capture area and the power gain of an
aerial system is g

Gi.A
A= b
where A is the capture area and A is the wavalenagth

{measured in the same units as A) and G, is the power
gain relative to an isotropic radiator.

A half-wave dipole has a gain of 3/2 relative to an
isotropic radiator, and therefore this formula can be
modified so as to give the capture area in terms of the
gain of a halfavave dipole Gy instead of G simply by
introducing the factor 3/2, thus - _

2

3 _GpA? _3GpA
MNote that for a digole, since G = 1, the capture area
is approximately }%-

This formula shows that if the wavelength is kept
constant the capture area of an aerial is proportional
to its gain, and therefore if an increase in gain results
in a narrower beamwidth it must follow that a
narrower beamwidth, corresponds to a greater capture
area (the term bearnwidth being used here to signify
both horizontal and vertical dimensions, i.e. in effect
the cross-sectional area).

The formula also shows that for any givan power
gain the capture area is proportional to the square of
the wavelength. For example, an asrial having a power
gain of, say, 10 times relative to a dipole at 800 MHz
{0.5m) would have a capture area onesixteenth of
that of an aerial having a similar power gain at 150
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MHz (2m), and to achieve equal capture area the gain
of the 600 MHz aerial would thus have to be 16 times
greater than that of the 160 MHz aerial, i.e. 160 times
relative to a dipole. This is unfortunate because it is
the capture area of the aerial that determines its
effectiveness in absorbing the incoming radiation: it
means that as the wavelength is reduced it becomes
increasingly important to design the aerial to have a
higher gain.

These observations appiy only to signals being
received or transmitted in the direction of maximum
gain. For directions other than the optimum the
relationships become morg compiex.

Multi-radiator Arrays

High gain aerial arrays can be built up from a
number of individual radiators such as half-wave
dipoles. To achieve the maximum gain, the spacing of
these radiators should be such that their respective
capture areas just touch. Thus where the individual
radiators are themselves high gain systerns, such as
Yagi-arrays, the centre-to-centre spacing of each
radiating system needs to be larger, since the
individual capture areas are greater.

Reciprocity Theorem

The theorem of reciprocity states that any
particular aerial gives the same performance either as a
transmitting or as a receiving system. Practical aerial
designs are therefore worked out in terms of
transmission because the characteristics are more
easily determined in this way, and the resulting aerials
are assumed 1o have similar propaerties.

Angle of Radiation: Polarization

The characteristics of propagation in the v.h.f.
ranges are mostly determined by the influence of the
troposphere, i.e. the part of the atmosphere extending
from ground level up to a few thousand feet. There ig
little or no ionospheric propagation on frequencies
higher than about 100 MHz and thus any energy
which is radiated at more than a few degrees above the
horizontal is wasted. Similarly to transmit to a
particular peoint it is unnecessary to radiate a broad
beam in the horizontal plana. Generally, therefore, the
aerial designer tries firstly to reduce the vertical
beamwidth to awoid wastage of power into space and
secondly to reduce the horizontal beamwidth
according to the required ground coverage. However, a
narrow horizontal beamwidth can be a disadvantage
because stations situated off the beam may be missed
when searching. Thus a compromise between gain and
beamwidth has to be made.

Radio waves are constituted from electric and
magnetic fields mutually at right angles and also at
right angles to the direction of propagation. The ratio
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of the electric component E to the magnetic
component H in free space {E/H = Z} is known as the
impedance of free space and has a value of about 377
ohms. When the electric component is horizontal, the
wave is said to be horizontally polarized. Such a wave
is radiated from a horizontal dipole. If the electric
component is vertical, as in avertical dipole, the wave
is said 1o be vertically polarized.

it has been found by experiment that in the
v.h.f. range horizontally polarized waves suifer less
attenuation over long distances than vertically
polarized waves, and this system is therefore often
preferred. It has in fact been universally adopted for
amateur communication in Great Britain and many
other countries. Vertically polarized waves may be
more suitable for special purposes such as
short-distance or mobile communication and a simple
ground plane or similar aerial can be used.

Sometimes the polarization is not exclusively
harizontal or vertical and the radiation is then said to
be eiliptically potarized or, in the special case where
the horizontal and vertical components are equal,
circularly polarized. The effact of the addition of two
components of the same kind (i.e. electric or
magnetic) at right angles is to create a rotating field,
the direction of which depends on the relative phase
of the two components. Thus the palarization of the
wave will appear to have either clockwise or
counterclockwise rotation, 2@ feature which is
important in the use of helical aerials. A dipofe will
receive an equal pick-up from a circularly polarized
wave irrespective of whether it s mounted
horizontally, vertically or in an intermediate position.
Horizontally or vertically polarized waves are known
as plane polarized waves

AERIAL FEEDERS

Before consideriag aerial design it will be helpful
1o review the methods of conveying the power from
the transmitter to the aerial. The feeder length should
always be considered in terrms of wavelengths rather
than the actual length of the conductors. |f the feeder
length is short compared with the wavelengths, the
loss caused by its ohmic resistance and by the
dielectric conductance is unimportant as also is the
effect of incorrect impedance matching. However, for
v.h.f. operation the aerial feeder is usually many
wavelengths long, and therefore both the loss
introduced and the matching of the load to the feeder
are of the utmost importance.

Two types of feeder, or transmission line, are in
comman use, namely the unbalanced or coaxial Teeder
and the balanced pair: the latter may be either of open
construction or enclosed in polythene ribbon or
tubular moulding. Each type has its own particular
advantages and disadvantages, and these are
summarised below.



In a coaxial cable, the radio-frequency fields are
contained entirely within the outer conductor and
hence there should be no r.f. currents on the outside.
This enables the cable to be carried in close proximity
to other cables and metal objects without interaction
or serious change of its cable properties which might
cause reflections and thereby introduce appreciable
loss. Also there is no loss by external radiation.

The open-wire or balanced feeder has a
radiation-loss which is dependent upon the ratio of the
spacing of the wires to the wavelength and becomes
more serious as the frequency is raised. The properties
can also be severely changed by the close proximity of
metal objects and the accumulation of ice or water
on the separating insulation, and therefore much
greater care must be taken in the routing of the feeder.
Difficulties are often experienced when attempting to
use this type of feeder with rotatable aerial arrays. It
is, for instance, quite unsatisfactory to bind a ribbon
feeder directly against a metal mast. When the feeder
is kept well clear of metal objects, however, the loss
tends to be less than that of coaxial cable unless the
frequency is so high that the radiation loss is seripus
(i.e. 450 MHz and above}.

Generally speaking, the use of open-wire feeders
is restricted to bands of 144 MH2z and below; coaxial
cable is used for all frequencies up to about 3000
MHz. Above about 1000 MHz the toss in conventional
types of flexible coaxial cable becomes prohibitive and
rigid semi-air-spaced types of line are then used. Above
3000 MHz waveguides are usually necessary for feeder
runs of more than a few inches.

A list of typical aerial feeder cable obtainable in
Great Britain is shown in the table. Further
information can be obtained from the wvarious
manufacturers. Complete details of r.f. cables made to
Government specifications can be obtained from
Defence Specification DEF-14-A ~“Radio Freguency
Cables”{H.M.S.0}.

In the semi-air-spaced type of coaxial cable, the
centre conductor is supported either on beads or on a
helical thread: in some forms a continuous filling of
cellular polythene is used as the insufator. This type of
cable has a lower capacity per unit length than the
solid type and hence the velocity factor (i.e. the ratio
of the wave velocity in the cable compared with that
in free space) is higher, being about 0.88—0.98 for
helical and bead types and about 0.8 for cellular
polythene types compared with 0.66 for solid cable.
The use of semi-air-spaced centre conductors allows
cables to be designed with less attenuation for a given
size, or with the same attenuation for a smaller size,
but unfortunately the bead and helical types suffer
from the disadvantage that moisture can easily enter
the cable; special precautions must therefore be taken
to ensure a good watertight seal at the aerial end if
such cable is used. Suitable material for this purpose
is Telcompound* or Bostik sealing strip. Cellular
polythene has non-connecting air cells distributed
throughout its volume, and consequently there is no
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moisture ingress except ai cut ends and then only for a
very small distance. However, cellular polythene cabies
do suffer from another disadvantage; this is that the
effective dielectric constant of the celiular polythene
varies according to the number and volume of the air
cefls per unit tength which unfortunately cannot be
controlled with precision during manufacture. Thus
the characteristic impedance may tend to vary along a
length of feeder and although this may not matter at
the lower end of the v.h.f. gpectrum such cable is not
recornmended for frequencies above about 500 MHz.

It is also important to exclude water even from
the outer braiding of any coaxial cable. I1f water has
once entered a cable it is impossible to dry it out, and
the loss in the feeder becomes progressively higher as
the copper braiding corrodes.

Open-Wire Feeders

To obtain very low losses open-wire feeder tine
can conveniently be made from hard drawn 16 s.w.g.
copper wire with separating insulators placed at 12"
intervals. The insulators should be made from
polythene and be shaped in the form of a disc with the
centre removed, as shown in Fig.9.3. This ensures that
in the places where the maximum electric stress
occurs, i.e. between the conductors, the dielectric is
air and not the solid insulating material, thus
minimizing losses. To prevent excessive radiation loss

Fig. 9. 3. Open wire line with disc insulators. The centre
portions of the insulators are removed to minimize
dielectric losses.

the characteristic impedance should not exceed about
300 ohms. Care must be taken to avoid sharp bends
and also the close proximity of surrounding objects as
already stated. The characteristic impedance of an
apen twin fine is given by -
Z, = 276 logy o (D/d)

where D is the centre-to-centre spacing and d is the
diameter of the wire {measured in the same units). A
chart of characteristic impedance in relation to the
conductor size and spacing is given, see Fig.9.22.

Metal Insulators

A quarter-wave short-circuited transmission line
presenis a very high impedance at the open end and

* A softened polythene compound manufactured by
Telcon Plastics Division of the B.l.C.C. Group.
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hence may be connected across an open-wire line
without affecting the power flow in any way; such a
device is called a guarter wave stub. The stub so
formed may convenientty be used as a support or
termination for an open-wire line as shown in Fig.9.4.

FEEDER
LINE

Fig.9.4. Quarter-wave closed stubs are often used for
supporting open-wire feeders. When used in this way
they are known as “metal insulators™. The inductance
of the short-circuiting conductors is minimized by
making them in the form of large metal plates.

Since the stub must be resonant in order to behave as
an insulator it can function only over a narrow range
of frequency.

Balance to Unbalance Transformers

In most cases the seriat requires a balanced feed
with respect to ground, and therefore it is necessary to
use a device which converts the unbalanced output of
a coaxial cable to a balanced output as required by the
aerial. This device also prevents the wave which has
been contained within the cable from tending to 'spill
over” the extreme end and travel back over the surface
of the cable. Whenever this occurs there are two
important undesired effects; firstly the re-radiated
wave modifies the polar diagram of the attached aerial,
and secondly the outer surface of the cable is found to
have a radio frequency voltage on it.

COAXIAL

A
INPUT 4 :

{ o)

"% SHORT-CIRCUITED
QUARTER-WAVE SECTION

Fig.9.5. Quarter-wave open balun or Pawsey stub.

AERIALS

To prevent this, a balance to unbalance
transformer (abbreviated to balun) is connected
between the feeder cable and the aerial. The most
simple balun consists of a short circuitedwuarter wave
section of transmission line attached to the outer
braiding of the cable, asshown in Fig.9.5. This is often
known as a Pawsey stub. At the point A, the
quarter-wave section presents a very high impedance
which prevents the wave from itravelling over the
surface. The performance of this device is, of course,
dependent upon frequency, and its bandwidth may
have to be considered in the design.

| A
COAXIAL ; 4 ! L
INPUT %l ou

i o]

iz

Fig.9.6. Coaxial sieeve balun.

Several modifications of the simple balun are
possible: for example, the single quarter wave element
may be replaced by a quarter-wave coaxial sleeve, thus
reducing radiation loss, see Fin.9.6. To prevent the
ingress of water and to improve the mechanical
arrangement, the centre conductor may itself be
connected to ashort-circuited quarter-wave line acting
as a “metallic insulator” as shown in Fig.9.7. The
distance d should be kept small, and yet the capacity
between the sections shouid also be kept small since
otherwise the quarter-wave section will not be
resonant at the desired frequency. A satisfactory

d
fe—— - ] -(7—} Y
Lu) / .
4 "
COAXIAL
auTPUT @ T
BALANCED
¥ OUTPUT

Fig.9.7. Totally enclosed coaxial balun. The right-hand
section acts as ¢ “metal insulator.”

compromise is to taper the end of the quarter-wave
line, although this is by no means essential. In
practice, at a frequency of 4356 MHz about ' isa
suitable spacing. The whole balun is totally enclosed,
the output being taken through two insulators
mounted in the wall.

A useful vanation is that shown in Fig.9.8 which
gives a 4:1 step-up of impedance. The half-wave loop
is wsually made from flexible coaxial cable, and
sllowance must therefore be made for the velocity
factor of the cable when calculating a half-wavelength.

It may be inconvenient at frequencies above
about 2000 MHz to mount the coaxial sleeve batun
close to a dipole radiator. In this case the steeve can be
mounted a short distance back from the end of the
iine.
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BALANCED
1 4zo 1OUTPUT

7/

____7,4-—__-..--_-__
7
)
i
1
L]

20 SN

Fig.9.8. A coaxial balun giving a 4:1 impedance
step-up. The lengtn L should be %5 allowing for the
velocity factor of the cable. The outer braiding may be
joined at the points indicated.

The charactesistic impedance of the balun
element is not critical. A Pawsey stub may be
constructed by attaching a piece of coaxial cable one
quarter-wave long {the centre conductor being unused)
to the braiding of the feeder cable at one end and the
inner conductor at the other. The two sections should
be spaced sufficiently to ensure an air dielectric
between them. If the two pieces lie alongside one
another the resonant length will be reduced and an
inferior dielectric introduced. 1t is important to note
that since it is the electrical characteristics of the outer
surface that are being used, there is no need to allow
for the velocity factor of the cable. Coaxial-sleeve
baluns should have an outer-to-inner diameter ratio of
between 2 : 1and4: 1.

Although the type of balun illustrated in Fig.9.7
has a larger effective bandwidth than the other types
described here, they are all suitable for the restricted
freguency ranges in common use in the v.h.f. amateur
bands.

IMPEDANCE MATCHING

For an aerial feeder to deliver power to the aerial
with minimum loss, it is necessary for the load to
behave as a pure resistance equal in value to the
characteristic impedance of the line. Under these
canditions no energy is reflected from the point where
the feeder is joined to the aerial, and in consequence
no standing waves appear on the line.

When the correct terminzting resistance is
connected to any feeder, the voltage and current
distribution along the line will be uniform. This may
be checked by using a device to explore either the
magnetic field (H} or the electric field (E} along the
line. One such device, suitable for use with a coaxial
feeder, is a section of coaxial line having a longitudinal
slot cut in the wall parallel to the line. A movable
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probe connected to a crystal voltmeter is inserted
through the slotted wall. This samples the electric field
at any point, and the standing-wave ratio may be
determined by moving the probe along the line and
noting the maximum and minimum readings. The
distance between adjacent maxima or between
adjacent minima is one half-wavelength.

The fields surrounding an open line may be
explored by means of an r.f. voltmeter, but it is much
more difficult to obtain precise readings than with a
coaxial line because of hand proximity effects and
similar disturbances. Another device which measures
forward and reflected waves is the reflectometer.

The term matching is used to describe the
procedure of suitably modifying the effective load
impedance to make it behave as a resistance and 1o
ensure that this resistance has a value equat 10 the
characteristic impedance of the feeder used. To make
a complete load (i.e a load possessing both resistance
and reactance} behave as a resistance, it is necessary to
introduce across the load a reactance of egual value
and opposite sign to that of the load, i.e. the reactance
is “tuned out”. A very convenient device which can
theoretically give reactance values from the minus
infinity to plus infinity, (i.e. pure capacitance to pure
induciance) is a section of transmission line either of
length variable between zero and one half-wavelangth
having an open-circuited end or alternatively of length
a little greater than one half-wavelength having a
movable shart-circuit capable of being adjusted over a
full half-wavelength. The short-circuited stub is to be
preferred since it is easier to construct.

Although there is no need to make the
characteristic impedance of a stub equal to that of the
transmission line, it may be desirable to do so for
practical reasons.

FULL-WAVE/%/
DIFOLE
A B —r-B ——————————
LA 4
“ !
L |
| BALANCED - Zof |
s u
L i 1 1
A B
CLOSED |
)/.’STUB 0 o

Fig.0.9. Stub matching applied to a full wave dipole.

in addition to tuning out the reactance, a match
still has to be made to the transmission line. The
impedance at any point along the length of a
quarier-wave resonant stub varies from zero at the
short-circuit to a very high impedance at the open end.
If a load is connected to the open end and the power
is fed into the stub at some point along its length the



siub may be used as an auto-transformer to give
various values of impedance according to the position
of the feed point. This is shown in Fig.9.9, The
distance L is adjusted to tune the aerial 1o resonance
and will be one quarterwave long if the aerial is
already resonant. The distance | is adjusted o obtain a
match to the line. However, it is usually more
convenient to have a stub with an adjustable
short-circuit which can slide along the transmission
line: see Fig.9.10.

z=24
I~ ![~]
! z
b i
N f
. SRS Ii: OA B
I«—lz——*J

Fig.90.10. Stub matching with a movable short
circuited stub.

In practice matching can be achieved entirety by
the “"cut and iry’’ method of adjusting the stub length
and position until no standing waves can be detected.
The feeder iine is then said to be flat. However, the
frequency range over which any singte stub matching
device is effective is quite small, and where wideband
matching is required some other matching system
must be used.

Stub Tuners

On a coaxial line it is impracticable 1o construct
a stub having an adjustable position. However, two
fixed stubs spaced by a certain fraction of a
wavelength can be used for matching purposes: see

Fig9.11. The spacing usuaily employed is % or odd

multipies thereof. With this spacing independent
adjustment of the short-circuiting plungers gives a
matching range from 0.5 times the characteristic
impedance of the transmission line {Z5 upwards. As

the spacing is increased towards % or decreased

towards zero, the matching range increases, but the
adjustments then hecome extremely critical and the
bandwidth very narrow. The theoretical limit of
matching range cennot be achieved owing to the
resistance of the conductors and the dielectric loss; i.e.
the Q is limited. To obtain the highest Q the ratio of
outer-to-inner conductar diameters should be in the

AERIALS

et
T [y I
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Q-3 Zo \ /
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LOWER LIMIT OF
MATCHING RANGE
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Fig.9.11. Two-stub coaxial tuner. The graph shows the
lower limit of the matching range: the upper limit is
determined by the Q of the stubs (ie. it is dependent
on the losses in the stubs). Z, is the characteristic
impedance of the feeder.

SPACING OF sTues |

range 2 : 1 to 4 ;: 1 {as for coaxial baluns). An
important mechanical detait is the provision of reliable
shori-circuiting plungers which will have negligible
inductance and also ensure low-resistance contact.
They can be constructed of short lengths of
thin-watled brass tubing, their diameters being chosen
so that when they are slotted and sprung they make a
smeooth sliding contact with both inner and outer
conductors.

Fig9.12. tuner. With an

Two-stub  open-wire
open-wire line stubs should be mounted orn opposite
sides of the line, as shown, so as ta avoid mutual
coupling. The matching range can be seen from the
graph in Fig. 9.11.

The two-siub tuner may be applied to open
transmission lines if it is inconvenient to have a
movabie stub. In this case the stubs must be mounted
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laterally opposite to each other to prevent mutual
coupling, see Fig.9.12.

This type of tuner may, of course, be used for
other purposes than to feed an aerial. For example, it
will serve to match an aerial feeder into a receiver, ora
transmitter into a dummy load. A greater matching

A Y BT

A T e IR
ADJUSTMENT max

Zq — 2 . lz;

: _ . . :
NS W N T

3

Fig 9.13, Three-stub tuner. This provides a greater
matching range than a two-stub tuner. Z, is the
characteristic impedance of the feeder.

range can be obtained by using a three-stub tuner, the
stubs being spaced at intervals of one
quarter-wavelength apart, as shown in Fig.9.13. The
first and third stubs are usually ganged together to
avoid the long and tedious matching operation which
becomes necessary when adjustments are made to
three infinitely variable stubs.

Quarter-wave Lines

An impedance transformation can be effected by
using a certain length of transmission line of a
different characteristic impedance from the feeder.
This may be used to match a load to a transmission
line. A special condition occurs when the length of the

Y .

( a) 2o Zt z !
\:l,\___
R S
F- 1

it = v o - zf

D T o
¥4

o esee—
b2
Fig.9.14. Quarter-wave transformers. (o) shows a
construction suitable for open-wire lines, and (b) is the
corresponding method for coaxcial cables. Where a

solid—dielectric section is used, due allowance must be
made for the velocity factor.

(b} Zo

section of line is an odd number of
guarter-wavelengths and the following formula then

applies—

Zy Wy - 4
where Z, is the characteristic impedance of the section
of quarter-wave line and Z, and Z; are the feeder and
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load impedance respectively. For example, if Z, is 80
ohms and Z, is 600 ohms—

Zy =y80 x 600 = 251 ohms
This matching section is useful for transforming
impedance and is called a guarter-wave transformer:

see Fig.9.14,
A section of tapered line can also be used to
effect an impedance transforrmation, and an

application of this principle is described later in this
Chapter. Again a quarter wavelength section is only a
special case, and to achieve a match in a particular
installation the line lengths and the angle of taper
should be varied until a perfect match is achieved. This
form of matching device is often called a delta match.

TYPES OF AERIALS

The elements of v.h.f.—u.h.f. aerials are usually
of halfwave or fullwave dipoles, the actual position
and configuration of the elements will depend on the
type, gain and directivity required. Each of the types
described has its own particular merit and the final
choice will have to be made by the amateur to suit his
own circumstances.

Parasitic Arrays: The Yagi Array

By placing a reflector, usually a resonant eloment
one half wavelength long behind a halfwave dipole, the
radiation can be concentrated within a narrower angle.
By adding further elements somewhat shorter than
one haif-wavelength, called directors, at certain
spacings in the forward direction, a further gain can be
achieved. Any aerial array which employs elements
not directly connacted to the feed line, i.e. parasitic
elements, is known as a parasitic array. If the
arrangement consists of a dipole with a reflector and
two or more directors, it is known as 2 Yagi array: see
Fig9.17.

When compared with other aerial systems of
similar size the Yagi array is found to have the highest
forward gain, and it can be constructed in a very
robust form. The effect of adding the reflector and
directoris) is to cause the feed impedance of the
dipole to fall considerably, often to a value of about
10 ohms, and the matching is then critical and
difficult to obtain. This, however, may be overcome
by the use of a folded dipoie radiator. If the folded
dipole has two elements of equal diarmeter, 2 4 : 1
impedance step-up is obtained. By varying the ratio of
the diameters, different impedance step-up ratios
become available,

The length of the dipole or folded dipole
required for resonance depends not only on the
frequency but also to a lesser extent on ratio of the
diameter of the element to the wavelength, the length
required for resonance diminishing as the
wavelength/diameter ratio is decreased.
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The forward gain is not appreciably affected by a
variation of reflector spacing over a range of g o

-4& : under these conditions the forward gain is
approximately at its maximum value. However, a
considerable change in feed impedance takes place
when this spacing is varied and this may be used a5 a
convenient form of adjustment. The reflector is
usually 0.5X\ long although this should be reduced to
about 0.475A for the closer spacing.

The length of the directors is uwsually made about
0.43A and the spacing approximately 0.25A, but
experiments have shown that where several directors
are used, the bandwidth can be breadened by making
them progressively shorter in the direction of
radiation. The greater the number of directors, the
higher the gain and the narrower the beamwidth.
There is no advantage to be derived from using more
reflectors spaced behind the firstt but the
front-to-back ratio may be improved somewhat by the
use of additional reflectors as shown in Fig.8.17.
These additional reflector elements should subtend a
fairly wide angle at the farthest director to be
effective. In practice, a trigonal reflector
element/elerment spacing of about %A is sufficient.

The gain obtainable from a Yagi array compared
with a halfwave dipole is shown approximately by the
empirical curve in Fig.9.18.

Resonant Lengths of Half-wave Dipoles

Value of
Wavelength Dipole length Feed
( —'———) — Impedance
Diameter Wavelength {ohms}
for resonance
50 0.458 60.5
100 0.465 61.0
200 0.4 61.6
400 0.475 63.6
1,600 0.479 65.3
4,000 0.484 67.2
10,000 0.486 68.1
100,000 0.489 69.2

The dimensions used in calculating the ratios must be
in similar units (e.q. both in metres or both in
centimetres}. From Aerials for Metre and Decimetre
Wavelengths by R. A, Smith,
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-TRIGONAL REFLECTORS
REFLECTOR  pipoLE DIPOLE
RADIATOR

DIRECTORS

DIRECTION OF
MAX|MUM

RADIATION

RADIATOR

Fig9.17. A 4-element Yagi array with a single
reflector and with trigonal reflectors. See table on
page 9.12 for typical dimensions.

9.11

DIRECTORS

DIRECTION OF
MAXIMUM
RADHATION



The bandwidth for a standing-wave ratio less
than 2 : 1 is about 2 per cent for closespaced beams
and about 3 per cent for wider spacing. Element
lengths, particularly those of the directors, are very
critical ({i.e. within fractions of an inch), and ideally
telescapic rods should be wused to enable fine
adjustments to be made. Each change of element
length necessitates a readjustment of the matching
either by moving the reflector or in the matching
device itself,

Typical element lengths for spat frequencies in
the 4m, 2m and 70cm bands are given in the

GAIN {dB)
o ~ m

3

2 3 5 7 8 9% 10

Nuuas:t OF SELEMENTS
Fig.9.18. Chart showing typical gain plotted against
number of elements for Yagi aerigls.

accompanying table. The lengths are based on the
assumption that the element diameter lies within the
stated limits for the respective bands. Any depariures
from these diameter ranges will necessitate a change in
the lengths of the elements; for a larger diameter the
length will need to be decreased, and vice versa,

Typical Dimensions of Yagi Arrays—Driven Elements

Length in Inches

70.3 MHz 1456 MHz 433 MHz
Dipole (for use with

gamma match} 79 38 12%
Diameter range for
length given Ye-% Ya- % Vi-ta

Folded dipole, {70

ahm feed) Length in Inches

@_} 70.3 MHz 145 MHz 433 MHz

[ —

| length centre/centre 77% 38% 12%
d spacing centre/centre 2% Ya %
Diameter of element ¥ Ya %

AERIALS

F=:q——“—
' 2 b
Length in Inches
\ y
tf""j—“ 70.3 145 433
k- MHz MHz MHz

a centrefcentre 32 14 5%
b centre/centre 96 43% 156 %
Delta feed sections

{length 70 ohm feed) 22y 12 49
Diameter of slot and
delta feed material pA Ya b

Typical Dimensions of Yagi Arrays—Parasitic Elements

Element L.ength of Element
70.3 MHz 145 MHz 433 MHz
Reflector 85%in. 40in. 13%in.
Director D1 74 in. 8% in. 11%in,
Director D2 73in.  35%in. 11 7in.
Director D3 72 in. 35 in. 11in.

1in. less % in. less i in. less
2in.less 1 in.less % in. less

Succeeding directors
Final director
One wavelength (for

reference) 168in. 8l1%in. 274 in.
Diameter range for

length given %Y in. Y%-%in. %-% in,
ReFisctoR 6 Spacing Between Elements

radiator 22% in. 17T%in. B%in.
Radiator to

director 1 29in. 17% in. 5% in,
Director 1 to

director 2 29in. 17% in. 7in.
Director 2 to

director 3, etc 29in. 17% in. 7in.

The above figures are based on a number of proved
Yaqi array designs. If the slot is used two sets of
reflectors/directors are required one mounted above
the other thus forming a stacked array. Match to the
feeder can be effected by moving the radiator relative
to the first director and the reflector relative to the
radiator,

Stacked Yagis

The optimum stacking distance will depend on
the gain of each individual Yagi array. Where the
vertical and horizontal beamwidths of an individual
array are approximately the same, i.e. with five or
more elements, the optimum stacking distance will be
approximately the same, both horizontally and
vertically; this distance varies from about 0.75A for an
array of 4-element Yagis to about 2.0\ or more for
8-element Yagis. For practical reasons the spacing is
usuafly less than optimum and there is a consequent
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reduction in the total gain. Theoretically, the increase
in gain obtainable by stacking twwo identical arrays in
such a way that their capture areas do not overlap is
simply two times (i.e. 3dB), but in practice this can
sometimes be exceeded if there is a suitably favourable
degree of coupling between the two arrays: for
example, a pair of 3-element Yagi arrays could be
made to yield an increase of 4.2dB. However, the
" increase usually proves to be less than the theoretical
3dB, and a figure of 2.2—2.6dB is all that can be
ordinarily expected.

The feed Impedance of a stacked array
theoretically is the feed impedance of an individual
Yagi array divided by the total number of Yagis
employed, in practice the feed impedance of stacked
Yagis is slightly less than this because of interaction
between these Yagi arrays although this reduction is
not so marked at the greater spacings.

Disadvantage of Conventional Yagi Arrays

Perhaps the most important disadvantage is that
the wvariation of the element lengths and spacings
causes inter-related changes in the feed impedance of a
Yagi array. To obtain the maximum possible forward
gain experimentally is extremely difficult because for
each change of element length it is hecessary to
readjust the matching either by moving the reflector
or by resetting a matching device. However, a method
has been devised for overcoming these practical
disadvantages by the use of a radiating element in the
form of a skeleton slot, this being far less susceptible
to the changes in impedance caused by changes in the
parasitic-element lengths. This development is due 1o
B.Sykes {G2HCG}.

A A

= 2 -

L

22 (a)

(b)
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2 /
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I SECTION
} 3 :‘-FEEDEFI
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Fig.9.19. Development of a skeleton siot radiator.

A true slot would be a slot cut in an infinite
sheet of metal, and such a slot when approximately
one half wavelength long would behave in a similar
way to a dipole radiator. In contrast with a dipole,
however, the polarization produced by a vertical slot is
horizontal {i.e. the electric field is horizontal).

The skeleton siot was developed in the course of
experiments to determine to what extent the infinite
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sheet of metal could be reduced before the slot aerial
lost its radiating property. The limit of the reduction
for satisfactory performance weas found to occur when
there remained approximately one half wavelength of
metal beyond the slot edges. However, further
experiments showed that a thin rod bent to form a
“skeleton slot” of dimensions approximately%x%
exhibited similar properties to those of a true slot. The
manner in which a sketeton slot functions can be
understood by referring to the diagrams in Fig.9.19.

: - 5A
Consider twe half-wave dipoles spaced vertically byg:

Since the greater part of the radiation from each
dipole takes place at the current antinode, i.e. the
centre, the ends of the dipoles may be bent without
serious effect. These ends may now be joined together
with a high impedance feeder, so that end feeding can
be applied to the bent dipoles. To radiate in phase, the
power should be fed midway between the two dipoles.
The high impedance at this point may be transformed
down to one suitable for the type of feeder in use by
means of a tapered matching section transmission line
{i.e. a deita match). Practical dimensions of skeleton
stot radiator are given in Fig.9.20.

6740

d—m{f S = F inches

y = 2259
F

[{‘ = FREQUENCY IN nn:]

inches

W
Zo = 276 b0 ¢

¥

Jj

Fig.9.20. Dimensional relationships of a skeleton slot
radiator, Both S and W may be varied experimentally
from the values indicated by these formulae. For small
variations the radiation charecteristics of the slot will
not change greaily, but the feed impedance will
undergo appreciable change and therefore the length
of the delta matching section should always be
adjusted to give a perfect maich to the transmission
fine,

It is important to note that two sets of parasitic
plements are required with a skeleton-siot radiator and
not one set as required with a true slot. One further
property of the skeleton slot is that its bandwidth is
somewhat greater than a pair of stacked dipoles.

Skeleton Slot Yagi Arrays in Stack

Skeleton slot Yagi arrays may be stacked to
increase the gain but the same considerations of
optimum stacking distance as previously discussed
apply; in this case the centre-to-centre spacing of a
pair of skeleton slot Yagi arrays should vary between
1\ and 3A or more according to the nurmber of
elements in each Yagi array.



Each skeleton-slot Yagi array may be fed by 72
ohm coaxial cable, using equal lengths of feeder to
some common feed point for the stacked array, and it
would of course be desirable to use a balun at the
point where the cable is attached to each array. A
coaxial quarter-wave transformer can be used to
transform the impedance to that of the main feeder.
For example, if a pair of skeleton-slot Yagi arrays,
each of 72 ochm feed impedance, are stacked, the
combined impedance will be one-half of 72 ohms, i.e.
36 ohms; this may be transformed to 72 ohms by the
use of a quarter-wave section of 52 ohm coaxial cable,
allowance being made for its velocity factor. Larger
assemblies of skeleton-slot Yagi arrays can be fedin a
similar manner by joining pairs and introducing
guarter-wave transformers until only one feed is
needed for the whole array.

Stacked Dipole Arrays

Both horizontal and vertical beam widths can be
reduced and gain increased by building up arrays of
driven dipoles. This arrangement is usually referred to
merely as a stack or sometimes as z bill-board or
proadside array. Since this type of array is constituted
from a number of radiating dipoiles, the feed
impedance would be extremely low if the dipoles were
centre-fed. However, the impedance to earth of a
dipole at its end is high, the precise value depending
upen the ratio of its length to diameter, and it will
therefore be more convenient to use a balanced high
impedance feeder to end-feed a pair of collinear
half-wave dipoles, a system called a full-wave dipole.
The length for resonance and the feed impedance in
terms of wavelength/diameter ratio is shown in the
table.

Resonant Lengths of Full-wave Dipoles

Value of
(Wavelength.) Dipole length | Fe.:d

i = mpedance

Diameter Wavelength (o}

for resonance

50 0.85 500

100 0.87 900

150 0.88 1100

200 0.896 1300

300 0.906 1500

400 0916 1700

700 0.926 - 2000

1,000 0.937 2400

2,000 0.945 3000

4000 0.951 3600

10,000 0958 4600

The dimensions used in calcuating the ratios must
be in similar units {e.g. both in metres or both
in centimetres).
From Aerials for Metre and Decimetre Wavelkengths
by R. A. Smith.

AERIALS

The fullwave dipoles are usually mounted with a
centre-to-centre spacing, horizontally and vertically, of
one half-wavelength and are fed in phase. Typical
arrangements for stacks of fullwave dipoles are shown
in Fig.9.21. Note that the feed wires between dipoies
are one half-wavelength long and are crossed so that all
the dipoles in each bay are fed in phase. The
impedance of these phasing sections is unimportant
provided that the separators, if used, are made of
low-loss  dielectric material and that there is
sufficiently wide separation at the cross-over points to
prevent unintentional contact.

To obtain the radiation pattern expected, all
dipoles should be fed with equal amounts of power {as
indeed would be desirable in any multi-radiator array),
but this cannot be achieved in practice because the
dipoles which are farthest from the feeder have a
greater feeder loss than the nearest. However, by
locating the main feed point as nearly symmetrically
as possible these effects are minimized. Hence it would
be preferable for the aerial shown in {a) in Fig.9.21 to
be fed in the centre of each bay of dipales; the feeder
to each bay must be connected as shown to ensure
that the two bays are fed in phase. If they wera fed
180° out-of-phase the resultant beam pattern would
have two major side lobes and there woujd be very
little power radiated in the desired direction. The
diagram {b) in Figa.9.21 shows two vertically stacked
bays of fullwave dipoles fed symmetrically and in
phase.

A
7
A
2
(a) A
Fl
A
3
+ = P i
A
2
(b} + - A
P
2
2
.
"V 2
2

FEEDER

Fig 0.21. Typical stacks of full wave dipoles. Note that

the feedpoint F is equidistant from egch bay of

dipoles. For example of element lengths, see the able.
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The spacing at the centre of each fullwave dipole
should be sufficient to prevent & reduction of the
resonant frequency by the capacity between the ends.
In practice this spacing is usually about 1" for the 144
and 432 MHz bands.

Matching can be carried out by the use of
movable short circuited open-wire stubs on the feed
lings. The practical aspects of this operation are dealt
with in a typical case later in this chapter.

CHAPTER 9

As with the Yagi array, the gain can be increased
by placing a reflector behind the radiating elements at
a spacing of 0.1— 0.25}, a figure of 0.125\ being
frequently chosen. For the 432 MHz band and for
higher frequencies, a plane reflector made up of 1"
mesh wire netting stretched on a frame can be used in
place of the resonant reflector at a similar spacing. The
mesh of the wire should be so orientated that the

io
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Fig. 9.22. Chart showing feeder line impedances for coaxial or open wire lines.
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interlocking twists are paraliel to the dipole. The wire
netting should extend at least one half-wavelength
beyond the extremities of the dipoles in order to
ensure a high front-to-back ratio.

The half-wave sections of the full-wave dipole
should be supperted at the current antinodes, i.e. at
their centres, either on small insulators or in suitably
drilled wooden vertical members. Supports should not
be mounted parallel to the elements because of
possible influence on the properties of the aerial.

The bandwidth of this type of aerial is
exceptionally large and its adjustments generally are
far less critical than those of Yagi arrays.

For a stack having an adequate wire-net reflector,
the horizontal beamwidth @, vertical beamwidth ¢ and
power gain G {compared with an isotropic radiator}
can he calculated approximately from the following
formulae.

where a and b are the horizontal and vertical
dimensions of tf\e reflector respectively, both being
expressed in the same units as the wavelength,

These formulae are true only for an array which
is large compared with the wavelength, but are suitable
as a criterion for judging aerials of any type provided
the equivalent aperture or capture area is known.

Skeleton Slots in Stack

Skeleton slots can be used to replace vertically
disposed pairs of half-wave dipoles. As the optimum
vertical dimension for a horizontally polarized
skeleton stot is approximately % X, it is no longer
possible to use the vertical spacings shown for
full-wave stacks. The slots are mounted vertically ata
centre-to-centre spacing of one wavetength and fed

DIRECTORS

FEERER

AERIALS

through a tapered matching section, as for the
skeleton-slot Yagi array, and are then connected to the
phasing lines. Since the spacing between feed points is
one wavelength there is no phase difference and it is
unnecessary 1o transpose the phasing wires. The
tapered matching sections should be adjusted to
present an impedance of N ftimes the desired
feeder-cabie impedance -where N is the number of
skeleton slots employed. The impedance resulting
from the connection of all the feed points will then
equal the cable impedance.

A broadside array of skeleton slots may be built
up by adding further slote horizontally at a
cenire-to-centre spacing of one half-waveiength.

Disadvantage of Multi-element Arrays

As the frequency becomes higher and the
wavelength becomes shorter, it is possible to construct
arrays of much higher gain although, as already
described, the advantage is offset by the reduction in
capture area. However, if the practice already
described, namely that of using many driven -or
parasitic elements, either in line or in stack, is
adopted, the complications of feeding become
increasingly greater. Also as the frequency increases,
the radiation-loss from openawire lines and from
phasing and matching sections likewise increases, and
it is then difficult to ensure an equal powerfeed to a
number of radiators. Preferably, therefore, the aerial
should have a minimum number of radiating or other
critical elements, such as resonant reflectors or
directors. There are many aerials in this category but
only those having immediate amateur application are
described here.

REFLECTORS

POLYTHENE
CAP

ot 5T

SLOT
RADIATOR

P

1" RAD

& 45° Siot
= i Dimensions

o7l |

e

Fig.9.25. A 6 over 6 skeleton siot aerial,
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Typical Yagi aerials for 144 MHz

Figures 9.23 and 9.24 illustrate the wvarious
standard forms using either a folded dipcle, a split
dipole or a slot radiator element. One of the standard
types of balun will be necessary when the split or
folded dipole is fed with coaxial cable.

All metal construction has an obvious advantage
of being easier 1o make and easier to mount on to a
mast or pole.

CHAPTER 9
A 12-element Stack for the 70cm Band

Figure 9.26 illustrates the assembly of a twelve
element stack arranged in two horizontal bays of three
full wave dipoles having a gain of 13dBE. With the
dimensions indicated the centre frequency is 432
MHz. The radiating elements are constructed from
thin-walled %’ diameter brass tubing and the feeder
and phasing wires are soldered on. The centres are
supported on %" polythene insulators mounted on

Y

Fig.9.23. A typical 5-element Yagi aerial with folded dipole radiator for 144 MHz.

Element lengths Spacing
A 35" A-B 12%"
B 3Bk" B-C 12h"
Cc 3" C-D 12w
D 38BKk" D-E 20%"
F 40"

— e

L
>

738

sg— s

Materiat
Elements %'’ aluminium
Folded dipole: diameter
and spacing of upper and
lower section to suit
impedance required

Fig.9.24. A 5 over 5 element Yagi showing matching arrangementis.

Element lengths
A 401"

B 19%" + 19%"
C 36%"

D 36"

E 36"

9.17

Spacing
A-B 15"
B-C 20"
c-D 207
D-E 20"
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Fig.9.20. A 12 elemem siack for 432 Miiz, complere
with nwo sub tuner and enclosed coaxial balun.

vertical 1" x 1" wooden members. The reflecting
sereen = made from 1" maesh galvanised wire netting
mounted on a framewark of aluminium-alloy angle.
Each bay of three full wave dipoles is fed st the
centre; the feed line wken straight through the
reflector. and each of these feed lines is matched to
the 300 ohm openwire feed line by a2 movable
short-clrouited stub. Thé bwvo 300 ohm feeders, one
from each bay, aro joined together to the output of a
totally enclosed coaxial balun and & two-stub tuner.
Tha aerial is fed with 72 ohin coaxial cabla.

Ta meteh the serlal to the feeder, first one bay
of tha beam s disconnectad and a 300 ohm 7 watt
carbon resistor is substituted. The stub on this side
. should be et to exactiy one quarer-wavelength long.

AERIALS

The remaining bay & then matched approximately to
the open-wire feed line. This may be deverminad by
using a wery low wattage bulb (for example, 6 vaolr,
0.084), the screwed body of which is held in the
hand. The presence of standing weves s then
examined by observing the glow in the bulb as it is slid
along the fesd line with s centre connectlom in
contact with one of the feedlinge conductors, The
procedure is then réversed, the résistor baing placed 5o
as to represent the bay that has been matched. Both
bays are then reconnected and the final matching
carried out by means of the two stwub wner using a
siotted line or other maiching device., IT no special
apparatus is aveilsble the array should be wned for
maximum gain as already describad,

Fig 9.27. A high gain 70cm aerial mmfmng af,l"aw 8
over & fed Yagi units arranged (n a square formation.
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HORIZONTAL POLAR DIAGRAM
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Fig9.28. Charts showing
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9.19



AERIALS

SIX ELEMENT YAGI
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HORIZONTAL POLAR DIAGRAM '2 OVER 2'
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THE QUAD

The quad aerial is particularly wuseful for
locations where full size Yagi types might be objected
to by neighbours.

{a) (b)

Fig 9.32. Drawing showing quad aerigl dimensions,

INSULATOR

In spite of its small physical size a forward gain
of 6% to 6dB can be obtained and its fraont to back
ratio is significant. There is no reason why directors
shouid not be added to the basic two element array in
the same manner as applied to the normal Yagi.

Typical dimensions for both 70 MHz and 144
MHz are given in the table. The actual spacing should
initially be made adjustable and for a 144 MHz aerial
the spacing between the radiator and reflector will be
between seven and nine inches for a 72 ohm cable,
Ideally a balun should be used to connect the cable to
the radiator but this is not essential if the feeder is
short and of low loss.

Reflector Radiator Approx. length

] 2 Director of stubs if used
Band total total  (if used} reflec- direc
length length tor s/c tors/c
70 MHz 173in. 165in. 157 in, - -
(a} _
70 MHz 166in. 165in. 185in. 8in. 8in.
{b)
144 MHz 84 in. 80 in. 76 in. -
(a)
144 MHz 80 in. 80 in. 80in. 4in. 4in.
b)
The elements may be made of ¥ ™ to WU”

diameter preferably of solid aluminium so that the
corners can be bent easily. If the vertical dimension of
both elements are made the same, then two short ¢cross
pieces can be used to mount the aerial to the mast.
These cross pieces may be metal so that the whole
aerial with the exception of the feed point and the
reflector stub (if used) can be very solidly built and
will withstand high winds without damage. As with
the other aerials quads may be stacked or built into a
four square assernbly.

AERIALS

A Four Square Quad Aerial for
144 MHz

Data for One Quad Aerial

The dimensions of the quad are shown in
Fig.9.35. Taking the "'squared up”’ figure of 20%" for
each side of the driven element it will be seen that this
approximates to 0.255 of a waveiength in free space at
144 MHz. The spacing between the two elements on a

Fig.9.33. Drawing showing a 144 MHz cubical quad
array.

single unit only {see below)} to provide a correct match
into the 72 ohm feeder was found to be 7", which
approximates to 0.08 of a wavelength. The spacing
between the elements had a markedly critical effect on

Al ... WAVELENGTH IN

FREE SPACE
A2... WAVELENGTH IN
20 7200
SOLIC POLYTHENE
BALANCED o e BALANCED
Al Al
) ry
7200 unBaL # # 720 UneaL L]
36Q 7200 720 360
T Az Faen A :
a
T17201 UNBAL » A2 % 720 UNBAL [T
Al =5 Al
i ry
720 +720 720
BALANCED BALANCED
7200 & 720) UNBALANCED TO EARTH
{ | A2
' 1 4 L
4 ALL TR
* ) ANSFORMERS
—3 —
201 | 3600 720

Fig. 9.34. The complete electrical system of the cubical
quad array described.
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the s.w.r. although the forward gain of the aerial was
not affected in so drastic a manner.

The performance of the aerial was shown to have
a forward gain of 5dB over a haifwave dipole and a
back-to-front ratio of better than 20dB.

Two Quads

Two quad aerials mounted one above the other
{=65") and

paralleled through a single gquarterwave 51.5 ohm
transformer. Performance figures of this type of agrial
proved to be & forward gain of 8.2dB over a halfwave
dipocle with a back-to-front ratio of better than 10dB
at 144 MHz. To obtain the 72 ohm input impedance
for the doubie system it was found necessary to open
out the spacing of the reflectors from the driven
element on both quads to 9. This is necessitated by
the fall in input impedance on a single quad due to the
mutual coupling of the pair.

at a centre-to-centre spacing of ET

L]
e 193 | | IS+ Jp—

2134 21%
DRIVEN
ELEMENT REFLECTOR
. .
9% | |ugi CABLE LENGTHS ARE
NOT CRITICAL UNLESS
] OTHERWISE STATED
a

URI

ca g ca
bRa & SR E & &

qu le—rat2"n] 0
a T

Bl Jure?
I PLUG PL259
B TEE M358 la
i CONNECTOR PL258 Oc
URL...... 2o = 750 ta
UR67..Zo = 51:50 il

Fig. 9.35. Physical arrangement of the aerial system
shown in Fig. 9 34, with details of matching sections
of coax,

fFour Quads

The final form of the aerial is shown in Fig.0.34
and 9.35. The layout was adopted because of the ease
with which the feeder cable could be run and also to
avoid a long length of unguyed mast. The spacing
between the elements is @'7 as in the case of the double
quad while the vertical spacing between guads is 65",
In the absence of the torsional loading problem, the
horizontal spacing was set at 81%"” centre-to-centre,
i.e . a full wavelength in free space.
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10 o2d

MINIMUMS > = 35db
3db BEAM WIDTH = 112°

— |Bdb

Fig 9.36. Horizontal polar diagram of the complete
array.

The gain of this arrangement is 13.5dB over a
halfwave dipole and a back to front ratio of 18dB. The
polar diagram is shown in Fig.9.36.

The Corner Refiector

The use of an aperiodic plane reflector spaced
behind a radiating dipole has already been discussed. If
this reflector is bent to form a V, as shown in Fig.9.37
a considerably higher gain is achieved. The critical
factors in the design of such an aerial array are the
corner angle o; and the dipolefvertex spacing S. The
curves in Fig.9.38 show that as & is reduced, the gain
thearetically obtainable becomes progressively greater.
However, at the same time the feed impedance of the
dipole radiator falls to a very low value, as can be
seen from Fig.9.39. This makes matching difficult
and hence a compromise has to be reached. In practice
the angle < is usually made 90° or 60°; adjustments in
a 60° corner are a little more critical although the
maximum obtainable gain is higher. The final

Fig.9.37. Corner reflector. The half-wave dipoie
radiator is spaced parallel with the vertex of the
reflector at a distance S, its characieristics are shown
in Fig. 9.38.
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Fig 9.38. Theoretical power gain obtained by using a
comer reflector with a half-wave dipole rediator: see
Fig, 9.37.

matching of the radiator to the line may be carried out
by adjusting the distance S, which as seen from
Fig.9.38 does not greatly affect the gain over a usefut
range of variation but causes a considerable change in
radiation resistance {see Fig.9.39}. A two-stub tuner
may also prove helpful in making finat adjustments.

100

60

" /

0c=/
20

FEED IMPEDANCE (OHMS)

1] e
0 D2 03 0-4 0.5
S m WAVELENGTHS

Fig.9.39. Feed impedance of a halfwave dipole
provided with a comner reflector: see Fig. 9.37.

The length of the sides L of the reflector should
exceed two wavelengths to secure the characteristics
indicated by Fig.9.38 and 9.39, and the reflector
width W should be greater than one wavelength for a
haifwave dipole radiator. The reflecting sheet may be
constructed of wire-netting as described previously or
alternatively may be fabricated from metal spines
arranged in a V-formation, atl of them being paratlel to
the radiator: see Fig.9.40. The spacing between
adjacent rods should not exceed 0.1A. See table
below. Fig.9.41.

AERIALS

=%

o

Fig. 9.40. The corner reflector can be modified by
using a set of metal spines arranged in V-formation to
replace the sheet metal or wire-netting reflector.

A useful approximation for the power gain G
referred to a halfwave dipote is G = 300/, where ocis
the angle between the sides measurad in degrees.

The mgximum dipole/vertex spacing S inctuded
in the curves shown in Fig9.38 and 939 is one
half-wavelength. Spacings greater than this would
requite rather cumbersome constructions at lower
frequencies, but at the higher freguencies larger
spacings become practicable, and higher gains than
would be suggested by Fig.9.38 can then be obtainad;
see table below. This indicates that the corner
reflector can become a specially attractive proposition
for the 1296 MHz band, but the width across the
opening should be in excess of 4A to achieve the
results shown.

DI

Fig 9.41. Dimensions for a 60° corner reflector aerial
system giving a gam of about 13dB. The feed
impedance of the dipole radiator is 73 ohms. The apex
may be hinged for portable work.

Dimensions in Inches

Band p s d v w A u A

144 100 40 6 38 50 100 % 168
432 3% 13U 1% 12% 20 36 % 27
1206 12 4% % 4 8 12 % 9%

Trough Refiector

To reduce the overall dimensions of a large
corner reflector the vertex can be cut off and replaced
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with a plane reflector, an arrangement known as a
trough reflector: see Fig.8.42. Similar performance to
that of the large corner reflector can thereby be
achieved provided that the dimensions of the trough
do not exceed the limits indicated in the table.

CORNER/TROUGH REFLECTOR

Angle Value of S for Gain Value of
o maximum gain {dB) T
90° 151 13 1A-1.252
60° 1.25A 15 1.0A
45° 2.0 17 1.8x

This table shows the gain obtainable for greater values
of 8 than those covered by Fig.9.38 assuming that the
reflector is of adequate size. T is the distance between
the plane reflector and the theoretical apex of the
vertex.

The resulting aerial has a performance very little
different from the corner refiector type and presents
fewer mechanical problems since the plane centre

CHAPTER 9

portion is relatively easy to mount on the mast and
the sides are considerably shorter.

The gain of both corner reflectors and trough
reflectors may be increased still further by stacking
two or more and arranging them to radiate in phase, or
alternatively by adding further collinear dipoles within
a wider reflector similarly fed in phase. Not more than
two or three radiating units should be used since the
great virtue of the simple feeder arrangement would
then be lost.

THE PARABOLIC REFLECTOR

The principie of the parabolic reflector as used
for light waves is well known. Such a reflector may be
used for radio waves, aithough the properties are
somewhat different because the ratio of the diameter
of the reflector to the wavelength is not extremely
large, as it is in-the case of light waves. If a radiator is
placed at the focus of a paraboloid and if most of the
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Fig 9.42. Trough reflector and balun assembly.

Dimensions in Inches

Band A ] q r w t u
432 120 100 bBO 7% 60 6% %
1296 45 36 9% 2% 20 24 %
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energy is directed back into the “dish'’, a narrow beam
will be produced. Assuming that the energy is

REFLECTOR

fIsC
AEFLECTOR
A A/
T 4 _f
COAXIAL I —
FEEDER i j A

ey, 3

Fig. 9.43, Typical design for a parabolic reflector and
feeder arrangement. The dipole should be at the focus
of the parabola. To achieve maximum gain the
distance 8§ should be made adjustable. The coaxial
sleeve balun should be set back from the dipole.

uniformly distributed over the dish, the angular width
of the beam ¢ will depend on the diameter of the
reflector A approximately accordingly to the formula

8 = GO%Where A is expressed in wavelengths. To

avoid the obvious difficulties in making a parabolic
reflector from sheet metal, a gkeleton form of
construction of wire netting stretched over wooden
ribs may be fournd successful for frequencies up to
1500 MHz but as the wavelength becomes shorter the
overall surface contour of the reflector must approach
that of the true paraboloid more closely.

40
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| Jf ‘a"
432MH2 L
A
IS
f
145 MHz
| M
10

I 2 25 30 35 4O

3 45 [e] IS 20

DISH DIAMETER (FEET)
Fig.9.44. Chart showing gain in dB against dish
digmeter for the 145, 432 and 1296 MHz bands. From
this it may be seen that to get a worthwhile gain on
145 MHz greater than with a Yagi aerial a dish
diameter of 15 ft. is needed.

AERIALS

A suitable parabolic reflector for the 1296 MHz
and 2400 MHz bands may be two to five feet in
diameter. The radiator element is usually a half-wave
dipole having a resonant reflector in the form of a disc
one half-wavelength in diameter mounted one
quarter-wavelength in front of the dipole to reflect the
radiation back into the parabolic dish. The centre of

A i

| ~f | lle—"14 Dia

0 SO O ] SO 05 e DA

L. s
REFLECTOR FP MPOLE

A B c D E F G H J

23cm |a%6 | 4¥i6 | 2983 | Vg | sz | 4" Eaﬁ*ml?;.fﬁé 34

13em | 22" | V2" (d) Ond | Wes | 31d gazﬂ?S;,[GE;:ftzs 14

Fig.9.45. Details of dipole showing dimensions for
23cm and 13em.

the dipole should be accurately positioned at the focus
of the parabola. A balun transformer of the coaxial
sleeve type may be mounted on the feed stern. A
typical aerial assembly with a suitable feeder
arrangement is shown in Fig.9.45. For this system a
two-stub tuner will be found particulariy convenient.

A 23em Dish Aerial

The power gain given by a parabolic aerial is

Gain =i%l:

where A= area of reflector
aperture
F= constant dependent
on uniformity of
phase and intensity
over the reflector
surface, typical value
0.6,

The owverall power gain is proportional to the
diameter squared {D2). Doubling the diameter will
increase the gain four times.
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The beam ﬁiﬂth varies inwersely with tha
reflector diameter and a parfect system is:-

A
0" (beam width) =70 0
where 0 = beam width 1o the
half power poinis
D = rthe projected
diameter of the
raflactor

T
f ="

L

(a) (b}

Fig. 9.46. Drawing showing dimensions and con-
shruetion nfdf#lf{:g, The method of constructing a
Ej:mim,farlhe of the dish &5 shown in

The position of the dipale or dipsle - reflector with
réspect 10 the reflector is mest important 10 make the
maximum usa of a given reflector. The dimensions for
a thres foot dismeter dish sre given in Fig.9.46 (a).

The general formula for a parebola is Y2 = 4fx
from which a suitable template must be constructed
and this is illustrated in Fig.9.46 (b).

oiPoLE

DISH NEFLECTOR ".I'l'nu - 17
'-"-'Tn
v it s -l;:ﬁ
==
l"'-‘&' ¥ . A
LT

Fig.9.47, Typical dish aerial assembly and feader
arrangement for 23

This may be st out for every 37 from ﬂ‘_l.n
eantre inttuvpiuuwxisulwhmdfrum:-{;
This gives the following: ’

X1 X2 X3 X4 X5 X6
0.2 0.82" 1.84" 328" 5.12" 7.36"
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Construction of a Lightweaight Dish

The framework s constructed by bending eight
support struts io conform to the shape of the wmiplate
and the inner ends of these are then brazed to a
central twbe. The centre tube is a 6" length of 27
outside diamater thick wall tube. Next, a8 3 foot
diameter ring is brazed o the outer ends of the struts.

Thee whale of the framework may be constructed
of %' diameter galvanised wire provided all the
joints are soldered or brazed.

Fig.9.48 This filustrates the complete dish and shows
the method of attachment to the mast by means of a
plate and two U-bolts.

To this framework o covering of %" mash wira
netting is attached by fixing it to the struts and outer
ring with |scing wires gnd these should be soldered o
make good joints. The whole assembly should finally
be painted to prevent corrosion,

Radiator and Reflector Assembly

The srrangement of the radiator and refiector
togather with the coaxial fasder is shawn in Fig.9.47.
The coaxial fesder consists of a " o.d. copper rod
and & """ i.d. copper tube.

At ong end of the outer tube & slot is made on
both sides ot right angles to the plane of the dipole=
this forms tha balun and jis dimensions are important.

The dipole is of 4" diameter copper rod, the
upper half being jointed both to the inner and tha
outer ol the coaxial line, the lower half only is
connecied to the outer iube.

The refiector disc, 4.45" diameter, is fixed to the
outer end of the coaxial line so that is is 27" from
the dipole and both inner and outer are then
connected together at the reflector. The coaxial feader
is supported in the centre of the dish reflector so that
tha radistor is 11 from the dish,

The method of fixing the whole assembly to the
masi can be séen in tha photograph and is by & plate
sttsched 1o the central tube of the dish and with U
bolts around the mast.



The Helical Aerial

Another simple beam aerial possessing high gain
and wideband frequency characteristics
simultaneously is the helical aerial: see Fig.9.49. When
the circumference of the helix is of the order of one
wavelength axial radistion occurs; ie. the maximum
field strength is found to lie along the axis of the
helix. This radiation is circularly polarized, the sense
of the polarization depending on whether the helix has
a right or left hand thread.

If a pick-up dipole is used to explore the field in
the direction of maximum radiation, the signal
received by this dipole will show no change of
amplitude as it is rotated through 360° thus
indicating true circular polarization. At any point to
the side of the helix the wave will be ellipticalty
polarized, i.e. the horizontal and vertical components
will be of unequal strength.

COAXIAL
FEEDER

MAX M UM
RADIATION
PLAME REFLECTOR

Fig.9.49 The helical aerial. The plane reflector may
take the form of a dart-board type of wire grid fo
reduce wind resistance and weight. A gain of 12dB is
obtainable with o 7-turn helix.

A helix may be used to receive the circularly
polarized waves radiated from a transmitting helix, but
care must be taken to ensure that the receiving helix
has a thread of the same sense as the radiator; if a
thread of the wrong sense is used, the received signal
will be very considerably weaker.

The properties of the helical aerial are
determined by the diameter of the spiral D and the
pitch P and depends upon the resultant effect of the
radiation taking place ail along the helical conductor.
The gain of the aerial depends on the number of turns
in the helix. The diameter of the reflector R should be
at least one halfwavelength. The diameter of the helix

D should be ab0ut*§-and the pitch P about%:

A helix of this design will have a feed impedance
of about 140 ohms; this may be transformed to the
feeder impedance by means of a quarter-wave
transformer. A typical helical aerial having a 7-turn
helix has a gain of approximately 12dB over a 2 : 1
frequency range. However, to achieve this gain fully it
is necessary to use a circularly polarized aerial {c.g. a
helix of the same sense) for reception. If a
plane-polarized aerial, such as a dipole, is used there
will be a loss of 3dB.

AERIALS
OMNIDIRECTIONAL TYPES

As mentioned earlier the general adoption by
amateurs of horizontal polarisation in the United
Kingdom and Europe as a whole, precludes the use of
the simplest omnidirectional aerial - the wvertical
dipole, although this is sometimes used for mobile
work on 70 MHz. In this case, it is used as a
quarter-wave whip.

For general purpose use on the other high
frequencies the aerial may vary from simple crossed
dipoles or a single vertical siot, to halos both full or
half size or an elaborate turnstile. The choice will
depend on the operator's requirement but such an
aerial is a worthwhile addition to a sharp pattern
beam, as a means of hearing signals which may
otherwise be missed by being in a minimum signal
direction of the beam.

Simple Crossed Dipole

In this aerial two simple dipoles are mounted at
right angles to one another and in the same plane.

They are connected together as shown, by a
quarter-wave section of coaxial cable which is folded
when in position. Allowance for the reduction in
length by the veiocity factor of the cabie must of
course be made. The dimensions given in the drawing

o

Bl

A COAXIAL
L MATCHING
4 SECTION

P

B>

ANY LENGTH -
OF 7500 CABLE

f

Fig.9.50. A simple crossed dipole aerial For 2 metres
the elements would be 1912" long of %' dig. tube.
The coaxial matching section is 13}2" long, allowing
for the velocity factor of the cable.

are suitable for 144 MHz and suitably scaled ¢lements
and coaxial matching section may be used for other
frequencies. The radiation pattern of an aerial of this
type is almost circular.

Slot Type
This is a pure slot type aerial 2and differs from the

simple rectangular type (skeleton) used in some Yagi
aerials. It consists of a metal cylinder with a slot
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running the entire length except for the short circuited
ends. In the example ilustrated the slot width is 1"’
wide and 58'' long which is resonant just above 146
MHz and is tuned to the band by s small capacitor
connected across the centre of the slot.

31"
BRIDGED BY {* WIDE C >
BRASS OR COPPER STRIP. ™7

BRACE /2" DIa
ALUMINIUM TUBE

3 --’_I-‘..l
i EDGES
I REINFORCED BY
| 2* FOLD
Hi
28802 i1
TO sLOT I {
I | {
m) }
"'rl_"“‘-
2 i 5pF CERAMIC
\ I I TRIMMER
1
60" : 13
' ﬁ?f 8" OVERLAP
» pat il -~
273" op as5* 1A
LONG K
{seE TEXT) ; |
I
7200 { :
TO TRANSMITTER if 1 BALUN TAPPING
] POINT
i
i N
4. 3 BRIDGED BY 1
14" r:*F“;-" WIDE BRASS OR
_i 703 cOPPER STRIP
.E:-j.-
—] |17
o*
= DIA

Fig.9.51. A slot aerig] for 2 metres. This shows the
construction of the aerial and the balun,

Details of the construction, and the balun to feed
this aerial, are shown in the drawing. The material for
the cylinder may be of solid sheet, perforated sheet or
mesh, and the material can be copper, brass,
aluminium, zinc or even tinned iron. The losses would
be lower with the higher conductivity materials, but at
the powers likely to be used the high resistivity
materials are unlikely to have any significant effect on
the performance.

Construction

The cylinder described is made from perforated
zinc sheet. Locally available supplies come in 36" wide
coils of which two 35" lengths are required. These are
spot soldered together, side to side, with an 8"
overlap. The edges of the resulting large sheet are
reinforced by folding to a width of 2" and spot
soldering. The final size of the sheet is 60" x 31", This
is then bent to cylindrical shape, leaving a 1" slot in
the periphery which is bridged, top and bottom, with
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1*" wide strips of sheet copper (or tinplate] soldered
into place. Each end of the cylinder is braced with a
length of %" diameter aluminium tube, flattened at
the ends, bent at right angles for 12"’ at each end and
boited to the cylinder walls across the diameter. A
small bpF ceramic trimmer is soidered across the exact
centre of the siot. The finished product is not robust,
but this is not important if it is for indoor use.

The aerial is fed by 72 ohm semi-air spaced
coaxial cable through a 4 : 1 balun. The feed point is
about 14" from the lower end of the slot and the
feeder, with balun tied to it, is run through the centre
of the ecylinder. The balun section is 36’ long {27%" if
solid dielectric cable is used, although 26°° may be
more suitable with some solid dielectric types}).

The tuning of the aerial should preferably be
done using a standing wave indicator of the type
described in this Manual. The actual position of the
connections to the slot and the adjustment of the
tuning capacitor should be made for the optimum
v.s.w.r. and a value of 1.2:1 is readily obtainable.

Reduced Size Slot

Another and more compact slot aerial, which has
been called the ‘Abe Lincoln’ is claimed to have an
almost circular radiation pattern.

In this form it is suitable for both mobile and
fixed station operation, but if used on the roof of a

//_r-___-_‘-‘_-_-“‘\-.
= 0,
(/ jo* b
] DiA |
HINGED A
TUNING TABS A
CAPABLE OF ‘ =
BEING LOCKED kY
IN ANY
FOSITION
(FAg
2
-] ‘éAP
20"
COAXIAL
FEEDER 5202
I bty i b LSO
METAL BASE PR v ===l
l ~TTTT i ""'-?.
1l 1‘1!1 ¥, | 1I,i
QL Nkt
N : fil
3 i ifk SLIDING
S M '.= DX~k
< SQLDER SCREEN
%LEEEED ~TO SLIDING CLIP

COAXIAL SCREEN SOLDERED TO CENTRE OF TUBE
EXACTLY OPPOSITE AND AT SAME HEIGHT AS POINT OF
ATTACHING INNER CONDUCTOR - 2" FROM BASE

Fig 9.52. Constructional details of the Abe Lincoln
maobile gerial for 144 MHz.



car, the open slot and top should be filled in with
suitable insulating material, such as perspex, to
prevent noise produced by windage.

Although in the design illustrated, a metal base
has been fitted, this is not essential, but it makes a
mechanically stable unit. If the base is omitted then
the bottomn of the slot must be shorted with a suitably
thick metal strap. Matching the feeder into the slot
shoutd be done with sliding contacts and using a s.w.r.
bridge.

HALO AERIALS

These types are popular for mobile work, as they
are light, easily made, and have an almost circular
palar diagram. In fact there is a point of minimum
signal in the direction of the side opposite to the gap.

Construction

The design is based on standard coaxial plugs and
sockets which are readily obtainable on the surplus
market. It was decided that it would be convenient to
mount the halo on a coaxial plug, so that the whole
assembly could be screwed on to a coaxial socket
which would provide both the electrical connection
and the mechanical support.

The general construction is illustrated in Fig.9.53
and to preserve mechanical rigidity at the weakest
point of the aerial, i.e. in the centre of the radiating
element, use is made of the gamma maich for 70 ohm
impedance, this permits the radiating dipole to be
made in ong complste length. The conventional series
capacitor in the arm of the matching stub has been
omitted on the grounds of mechanical simplicity.
Mabile aerials are usually fed by a comparatively short
feeder from the transmitter, and the slight increase in
sw.r. resulting from the residual reactance of the
matching stub, does not introduce any further
appreciable loss in radiated signal level.

The dipole proper is formed from a 39" length ot
1’ 22 s.w.g. brass tube, This is normally supplied hard

& ¢
"4 x 22 5We
BRASS TUBE PCLYTHENE [INSULATION N BACK
3 OF PLUS BODY
COAXIAL PLUG TYPE PL259

Fig. 0 53, Drawing showing the general construction of
the halo gerigl

AERIALS

drawn and should be annealed before bending as
follows: heat the tube to a dull red with a blowlamp
and quench it immediately in cold water. It is
important to anneal the tube uniformly along its
length, otherwise it will not be possible to obtain a
smooth bend when the circle is formed. The annealed
length of tube should be bent round a mandrel
approximately 12" in diameter.

When finished the ends of the tube are
approximately 2 apart. The insulating spacer is
formed from a 3" length of round polythene taken
from a piece of %' diameter coaxial cable. The centre
canductor is removed and the ends are drilled 12’ deep
with a %' diameter drill. The ends of the brass tube
are pushed into these holes, and due ta the elasticity
of the polythene, are gripped firmly without the need
for any further clamping.

PR +
ol =t B |
B (2% R i
(my L
l -Fta
P2 vy
= | i
2 HOLES (3
4 pi | S
[ Detail B 3he {_ﬂ@-
, MAT ... BRASS e o
Detail A Detail C
MAT.... BRASS MAT.... POLYTHENE

Fig.9.54. Detdils of the brass supporting blocks and
polythene spacers.

The main support for the halo is provided by a
brass block {Fig.9.54}, which has a hole drilled through
its centre into which is brazed the back nut of a
coaxial plug type PL2E9. The brass tube of the circle
is cut diametrically opposite the polythene spacer and
the ends are brazed into either side of this brass block.
The shorting bar for the feed point is also made of a
brass block and is brazed into position 44" from the
centre of the dipole. The position of this tap is not
critical and the dimension of 4% has been found to
be quite satisfactory for a match to 70 ohm cable. The
conductor for the live side of the gamma feed is also
made of %' brass tube. A 4%" length has one end
brazed into the shorting bar and at the other end a
further short piece of %" tube is mitred and brazed so
that it projects down into the centre of the coaxial
plug. The end of this tube is stopped with a 1" 6BA
cheesehead bolt, brazed into it: this passes through the
pin of the centre portion of the coaxial plug. A disc of

%" thick polythene is pushed over the % tube to
locate it centrally in the free portion of the plug which
is then screwed home into the back nut drawing the
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spacer up as it goes. The centre stud may then be
soldered to the pin to comptete the assembty Fig.9.55b.
The two locating pips on the free portion of the plug
are filed flat so that when the plug is screwed on to a

socket, the free portion of the plug {which carries the

*hot’’ feed to the dipole) is also free to rotate.

14" DA x 22 5W6

&~ BRASS TUBE

POLYTHENE DISC
SPACER

EXISTING PLUG
INSULATION ————

PLUG IMNER BODY1 FLUE LOCK-NUT
L.

=<—PLUG PIN

6BA SCREW—iEe
it

S“S0L0ERED CONKECTION

Fig. 9.55 Method of assembly of the supporting plug.

Mounting on the Car

The mounting of the halo proper is detailed in
Fig.9.56. An Ampheno} tee connector, type M388B, is
screwed on to the halo piug and the incoming coaxial
cable loaded into a plug, {type PL259) with %"
adaptor, is screwed into the side of the tee fitting to
provide the electrical connection. The bottom section

g

L]

M358

LOCK= NUT

SUPPORTI NG

S84
ﬁ -

PL259
UR32

Fig 9.56. Assembly of the coaxial fittings for the halo
mobile aerial.

of the tee is supported mechanically by screwing it
into the back nut of a further plug, type PL259. This
hack nut may be brazed to some convenient mounting
to cuit individual requirements. A 4 " thick disc of
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" angles takes the end of the gamma
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polythena should be pushed into the bottom of the
nut to prevent any possibility of the inner conductor
of the tee connector coming into contact with the
supporting biock to which the back nut is fixed.

A Mini-Halo for 144 MHz

This aerial is a half size version of the standard
halo but with capacity end loading of the elements.
The drawing, {Fig.9.57) is self-explanatory, but it
is essential that the aerial should be of robust
construction to avoid any whip. The construction is atl
brass: the elements and gamma match are made
of %.' external diameter brass tubing, while the main
junction tube is %" internal diameter and the shorting
bar %' x %" solid brass drilled and tapped BBA. The
%" tube is surmounted with a %'~ Perspex red which
should be a tight fit. The rod is dritied to take the
cenire core of the feeder, and a hole drilled at right
34" tube; this is
drilled and tapped to anchor the feeder core. The
screen is soldered to the inside of the %™ tube.
Regarding the tubular capacitor, the inside sleeve is
%" internal diameter filled for part of its length
with polythene or p.t.f.e. The polythene core of thick

MOUNTING f TERMINATION
PERSPEX TOP SECTION TUBE

GAMMA MATCHING
SECTION POSITIONED
ABOVE HALO

SHORTING BAR Lot

5" EXTERNAL
DIAMETER

—~5iv¢ O/p BRASS TUBING

CAPACITOR ASSEMBLY

Fig.0.57. Plan view of the mini-halo for 144 MHz.

ex-government coaxial cable could be used, and this
needs to be tapped to take one end of the element
which has been threaded to suit 4" or possibly
3BA. The external tube would have to suit the
external diameter of the inside tube depending on
its gauge — possibly about %' internal size. The drain
hole is important as this prevents moisture collecting,
and should be positioned at the bottom. The coliar



holding the other end of the element should be
soldered in position. The element end {which has been
tapped} is held in position with a 8BA screw and is a
twisting fit. Before assembling, spring the elements
apart to ensure that good contact is made between the
capacitor and anchored end of the element.

SHOATING BAR \-l-" 161

3" x 16 BRASS

LQ-.ﬁE @"

78"

INMER OF COAX FED 7
UP THROUGH CENTRE | |
OF PERSPEX ROD — ™1
]
i

/2" /o BRASS TUBE

SOLOER FILLING
RETAINING ELEMENT

COAX FEEDER — ou‘rent// *

SOLDERED TO INSIDE
OF BRASS TUBE /—\

MAIN ELEHEur—---a-_i
BRASS TUBE SOLDER

HOLE FOR COAX

2 HOLES TAP 6BA

Fig. 9.58. Side elevation of the completed halo, with
drilling details of the gamma match support and
perspex mounting rod.

Tuning is accomplished by twisting the sleeve
and is fairly critical, but once set it can be locked and
" fargotten. The value is between 2 and 3 pF. It will be
found convenient to tune for maximum signal using
GB3VHF if the location is suitable, or other steady
carriers. The use of a signal strength rmeter is essential.

= FQRCE FIT WASHER T¢
ELEMENT AND SOLOER
TUBE *8' TO WASHER

jo——————.- | I»"B

!f4'———~b-
‘ s

DRAIN HOLE

LS SCREW FORCE
hpaE g FIT_INTO

ELEMENT

ELEMENT ™

LOCKING SCREW

FUBE ‘A’

B Y POLYTHENE
12" Yo x e wall

Ok PTFE
TUBE *8*
72" O x 15 waLL

Fig 9.59. A cut away view gf the capacitor.

The importance of keeping moisiure out of the
capacitor was the reason for the particular form of
construction and this was found to be quite
satisfactory in wet weather. The gamma match is of
the same dimensions as would be used on the full size
version, approximately 44" in length, and should be
adjusted with a reflectometer for minimum standing
waves. :

AERIALS

A Clover Leaf Aerial for
144 MHz

This is an alternative aerial suitable for mobile
use where the large size is not a disadvantage. It is
about 4 ft across and will, of course, offer a greater
wind resistance than the standard halo. The three leaf

10%2" y
T —
f
' | _s'4"Rap
- N N
H ]
21"
1002
16"
r
I
ELEMENT

4 HOLES SBA CLEAR

TOTAL LENGTH 607

HAT. ¥8 DiA ALUMINIUNM
TUBE WiTH 16 »wg WALL

DETAIL OF DRILLING
AT ELEMENT ENDS

Fig.9.60. Details of one element. Three identical
elements are required.

elements are half-wave dipoles end fed with
quarter-wave sections (like a folded dipole opened
out} each set at 120° to one another and fed in
parallel. To match these parallel elements to the 50
ohm cable used in this example, a matching stub is
required to provide the required inductive reactance.
In Fig.9.61 (a) the general arrangement of the
aerial is shown and (b} is given to illustrate how the
stub achieves the impedance matching needed, the
centre of the stub will be zero impedance and this will
increase to a maximum at the ends of the dipoles.
With the dimensions given the joint between the
stub and the three dipoles will be 50 ahms. If a 75
ohm cable is to be used then the stub will have to be
lengthened and the feed sections of the dipoles
correspondingly shortened. An almaost circular pattern

500 CoaX
FEED

(s)

Fig 9.61. The general arrangement of the clover leaf
aerigl. The feeder is comnected to the two junction
points shown.

9.32



VHF-UHF MANUAL

CHAPTER 9

f— 1 Y8 - 352"
,;.;z' T
S s T
will | %
: 2
by e
372 7 &

(b) CLAMPING BRACKET

Pl

|
\’""/!'
{c) INSULATED PLATE
MAT. /8" TuENOL

swg ALUMINIUM

-

134 % . P
136" .

F l 50— l HAT. I6
wh il i
4——I¥B'_..,

2 Wy 5

i .

1 ' R ) S

?'/ldl_

=

. . . W’ SN
e e {4 S
i j i d} TOP PLATE
l gT'_% ‘%‘ %.__I e, _J Y ( )mn, 16 3wg ALUMINIUM
16 . : i
T " (e) sTU Ry i
(a) MAIN PLATE MAT. /8" ALUMINIUN MAT. 16 swg ALUMINIUW ¢! ABA CLEAR

Fig.9.62. Constructional
of the Clover Leaf aerial,

is achieved but slight nulls occur in line with the three
gaps between the leaves. When correctly made a
v.s.w.r. of about 1.2:1 should be obtained.

MAIN PLATE

INSULATED

CLAMPING BRACKET

Fig.9.63, Generdl arrangement of centre assembly.

An “OMNI-V" for 144 MHz

This aerial consists of a pair of halfwave dipoles.
The centres of the dipoles are physically displaced to
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details of the centre assembly

produce a quadrature radiation and the ends of each
dipole are supported on a quarter-wave shorted stub.
A pair of Q bars are tapped down the stubs to a point
where the impadance is 800 ohms so that when the
two units are fed in parallel they produce an
impedance of 300 ohms at the centre. A 4:1 balance
to unbalance coaxial transformer is fitted to the centre
point of the Q bars so that a standard 75 ohrn coaxial
cable feeder may be used. The gegeral arrangement is
shown in Fig.9.64(a}. Fig.2.64{b) shows how the aerial
may be arranged to give a bidirectional radiation
pattern,

Omni-directional Bi~directional
(a) {b)

Fig. 9.64. Formation of the omni-V aerial,
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Fig. 9.65. The mechanical detaiis of the construction of the omni-V.
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Fig.9.66, The horizontal polar diagram for an average
aerial, showing both the bi-directional and omni-
directional charts.
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Fig 9.67. Chart showing gain versus v.s.w.r. on the
omni-V described.

9.34



VHF-UHF MANUAL
Materials for Elements

The radiating efficiency of an aerial may be
defined as the ratio of the powers radiated, to the
power input to the aerial. The difference between the
radiated power Pr and the input power Pin, is the
power lost in dissipation by the aerial itsalf, Pd.

OFF-TUNE REACTANCE
H {1F PRESENT)
r F
e
FEED LINE ?
________ L —-—-—!t ::Rr
.D
R
{a) {b)

Fig.9.68. An aerigl and its equivalent circuit,

An aerial can be represented by the equivalent
circuit shown in Fig.9.68 (b). Power in such a circuit
can only be lost in a resistive element, so that both the
power dissipating elements are shown as Rf and Rd.
Rr is proportional to the power radiated leffective
ragiation resistance) and Rd is proportional to the
power dissipated in the aerial itself [effective loss
resistance}. When considering the relative efficiencies
of the various materials for aerial elements it is the
value of the effective loss- resistance Rd which is
important. Since most v.h.f. and uh.f, aerials are made
up of various elements of more or less uniform
cross-sectional area, the ’'d.c.’’ resistance may be
calculated from,

Rdc = k X resistivity
where L is the length
A is the area

and resistivity is the resistance per unit length or unit
area of the material involved, and this is usually given
in ohms per centimetre cube.

For example taking L as a halfwave length at 144
MHz and A as the area of 4" diameter rod then
typical values for Rdc are given below.

Metal Resistivity Resistance
(ohmsi‘cm3) { Rdc)
Copper . 1.72x10-6 0.0023 ohms
Aluminium 283 x 10—6 (.0037 ohms
Zinc 59 x10-6 0.0077 ohms
Brass 7.5 x10—6 0.0098 ohms

All these are negligibie with respect to the
- radiation resistanca Rr of a half-wave dipole, which for
the chosen element diameter is about 65 ohms. This
however, is only part of the effective loss resistance.
As the frequency of the current flowing in the
material is increased from zero frequency or d.c.
another factor, ‘skin effect’, modifies the current
distribution in the cross section of the conductor,
concentrating it more and more in the outer skin as
the frequency is raised.
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This, therefore, reduces the working area of the
conductor and fncreases its effective resistance. At
v.h.f, the skin carrying most of the current becomes
quite thin, about 0.0005” and is proportional to the
square root of the conductor resistivity. From this, it
is abvious that the skin will be thicker for metals with
higher resistivities, and since their r.f. resistance wil be
{ess relative to their d.c. resistance, than for the better
conductors such as copper, this makes their use more
attractive than might be expected.

The r.f. resistance, R'rf, for a current which is
constant on the length of a halfwave element is
approximately as shown below.

Metal Skin Depth R.f. Resistance Ratio

R'rf R'rf to Rdc
Copper 0.00022"  0.34 ohms 148
Aluminium 0.00028" 0.41 ochms 110
Zinc 0.00040" 0.60 ohms 78
Brass 0.00045" .68 ohms 69

The radiation efficiency and aerial loss in dB for
the metals considered are as shown below:

Metal RL Radiation  Lass due to
Efficiency. . Aerial elements

Copper 0.17 ohms D99.75% 0.011dB

Aluminium 0.20ohms 99.7 % 0.013dB ~

Zingc 0.30ohms 99.5 % 0.022dB

Brass 0.34ohms 99.4 % 0.026dB

These figures are for elements of %' diameter,
for elements of the more popular diameters, %" to %",
the r.f. resistance will be lower although for very thin
walled tubes the d.c. resistance may be greater.

The following simple formulae can be used to
calculate the skin depth of R'rf resistance.

For solid rod elements R'rf =

Diameter in inches
Rde X 3 skin depth in inches

For thin walled tubes R'rf =

Rd Wall thickness in inches
skin depth in inches

Skin depth at v.h.f. in inches = 2 l-%

¢ is resistivity in ohms per cm cube

i is permeability taken as 1 for non
ferrous metais

F is frequency in Hertz

where



Electrolytic Corrosion

The use of dissimilar metals in an aerial system is
likely to cause considerabie trouble due 1o efectrolytic
corrosion. Each metal has its own electro-potential
and unless metals of similar potential are used, the
difference will cause corrosion at the point of contact

Magnesium
Aluminijum
Duralumin

Zinc

Cadmium

lron

Chromium iron alloys

Chromium nickel iron atloys
Soft solder tin-lead alloys

Tin

Lead

Nickel
Brasses
Bronzes
Nickel copper alloys
Copper
Silver solders
Silver

Gold
Platinum

AERIALS

even when dry and when moisture is present this
effect will be more severe.

If, for any reason, dissimilar metals must be used
then considerable care should be taken to exclude
moisture, the corrosive effects of which will vary with
the atmospheric pollution.

The various rmetals can be arranged in groups as
follows:-

Anodic
F 8

4
Cathodic

Metals in each of the above groups may he used
together with little corrosive action, but metals from
different groups will suffer from this effect. Also,
since the above is arranged in order, the greater the
spacing in the list, the greater wil! be the effect,

The lower of the metals in this list will corrode
those in the upper portion, for example, brass or

"COpper ScCrews

in aluminium will

corrode the

aluminium very considerably, whereas with cadmium
plated brass or copper screws there will be very much
less corrosion of the alurminium.
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CHAPTER 10

AERIAL TEST GEAR AND

ACCESSORIES

Tuning Adjustments

To tune up any aerial systam it is essential to
keep it away from large objects, such as buildings,
sheds and trees, and the array itself should be at least
two wavelengths above the ground. 1t is useless to
atiempt any tuning indoors since the change in the
surroundings will result in completely different
performance when the array is taken outside.

Undoubtedly the most effective apparatus for
wning up any aerial system is a standing-wave
indicator or reflectometer. If there is zero reflection
from the load, the standing-wave ratio on the aerial
teeder is unity. Under this condition, known as a flat
line, the maximum power is being radiated. All aerial
matching adjustments should therefore be carried out
1o aim at a standing-wave ratio of unity.

If suitable apparatus is not available, the next
best course of action is to tune the aerial for
maximum forward radiation. A convenignt device for
this is a field strength meter comprising a crystal
voltmeter connected to a half-wave dipole placed at
least ten wavelengths from the aerial. When
adjustments have resulted in a maximum reading on
this voltmeter, the feed line may nevertheless not be
“Hat” and therefore some power will be wasted.
However, if the best has been done with the resources
avzilable it is highly likely that good results will be
achieved.

A REFLECTOMETER FOR V.H.F.

Introduction

When power at radio frequency is fed into a
transmission line which Is correctly terminated at its
far end, this power is propagated along the line in
terms of voltage and current waves and is all absorbed
in the load at the far end of the line. This represents
the ideal condition for the transfer of power from a
transmitter to an aerial system: such a condition is
rarely, if ever, achieved dye to the impassibility of
presenting the transmission line with an absolutely
matched joad. In practice, it is possible only to
terminate the line with an aerial or load which
approaches the perfect condition and under these
circumstances a certain amount of power is reflected
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at this mis-termination and is propagated back down
the line again by means of further waves of voltage
and current travelling in the opposite direction, 1o be
either absorbed or re-reflected at the generator

according to whether the generator impedance
terminates or mis-terminates the line.
g
‘_]: __________________________
Re=120 RL
Pi = P
Pr= 0O
v Pi .Y
B .
L P . Pr
g
b4
4 [y————— —-— ——
RE = RL
< zo RL - g—q
3
Pi = p
= fr= E -
[ 4 —_—
| B o Y i
= BL_ L
SWR = 70 3
7. YOLTAGE REFLECTION COEFFICIENT = O+5
. Pi ; Fi _ P
<+ By = +6db ..Pr-—:-;

Fig.10.1. Effect of mis-termination on g fransmission
line in terms of the incident and reflected power at the
load.

The amount of power reflected from the aerial or
joad mis-termination is directly proportional to the
magnitude of the mismatch on the line, and tharefore
the mismatch on the line, or, in more practical terms,
the standing wave ratio may be expressed in terms of
the ratio of the forward or “incident” and the
backward or “‘reflected’’ powers {(Fig. 10.1).

if the sw.r. = S, then the voltage reflection
coefficient K is given by

_1—85 .

K= S R EEERETRR (i)

Clearly if a device can be constructed which will
differentialiy respond to power in terms of directicn
then such a device can be used directly to measure
standing wave ratio, and the ratio M of incident to
reflected power is given by

M=2010g10 1/KdB ... ..........cc.v0 {ii)
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It can be shown that if a line, whose length is
short compared with a wavelength, is introduced into
the field of, and parallel to another line which is
carrying power, then an amount of power is coupled
into the secondary line, which is directly proportional
to the magnitude of the power travelling in either or
both directions on the main line. The configuration of

Ro {AERIAL)

4 }—ll—‘I
E “\.....z’ﬂ % }r" :: Ry

Fig. 10.2. Maxwell Bridge representation of trans-
mission line coupler.

main and sampling lines may be regarded as a Maxwell
Bridge, the reactive arms of which are provided by the
distributed capacitance C and mutual inductance L of
the coupled lines, and the effective load on the bridge

r———ti% —-———r{v
‘[E

SR e
/ .. S, B

GENERATOR
U - J

Fig. 10.3. Arrangement of sampling lines to respond
respectively to incident and reflected powers.

is r (Fig.10.2), Then if 1?2 = L/C, the bridge is
effectively balanced at all frequencies, and now power
from the generator E appears in the load r, but a
proportion appears in the detector load. If two such
subsidiary lines are coupled to a main transmission line
carrying power and are respectively terminated at
opposite ends, an output can be taken from each line
which is respectively proportional to the incident and
reflected power in the main line. This is the principle
behind the reflectometer, Fig.10.3. The accuracy of
such an instrument depends upon the correct
termination of the sampling lines, Any mismatch on
those {ines will result in a standing wave along them,
and consequently the r.f, voltages appearing at their
output terminals will not be proportional to the
forward and reflected powers. This parameter of
performances is termed the directivity of the
reflectometer, and is measured as the ratio of the
voltage developed on the “backward” sampling line,
when the instrument is itself correctly terminated, to
the voltage on this same line when the instrument is
reversed. The directivity is usually expressed as a ratio
in dB.

Design

Before the details of construction can be
finalized, it is necessary to consider one or two design
aspects of the instrument itseif. |t has already been
shown how two voltages may be obtained which are
proportional to the forward and backward
components of power respectively. However, these

b
3 - )
o _‘_________’_:_ __________ i___ LCAD
— Vi -
Vb
____________ _ AS ABVE
S )
—i
é LGAD

V¢ (x db LESS) -
Fig 10.4. Instrument sensitivity and coupling ratios.
{a} sampling couplings equal.

V¢ gives meter f.s.d. . s.w.r. Vb/Vf sayydB..... {i}
y'dRB ecorresponds to a given meter deflection

{b) samplings couplings different by x dB.

va fves meter f.s.d. less x dB for same power. S.w.r.
bﬁteter fs.d. .. for same deflection as (g,

swr=x+ydB

..........................
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voltages are still of a radio frequency nature, and itis
necessary to convert them to d.c. before they can be
used to deflect a conventional meter. If the “forward’’
voltage is arranged to produce f.s.d. on the indicating
meter, then clearly the meter can be calibrated
directly in s.w.r. by observing the deflection praduced
by the “backward’’ voltage, and making due atiowance
for any differences in coupling between the two
sampling lines and the main line. This calibration will
be valid independent of the actual transmitted power,
since in each case the meter is adjusted for fs.d. In
practice it is easier to arrange for identical sampling
lines, in which case the calibration of the meter
becomes a simple question of the ratio of rm.s.
voltages applied at the rectifying diodes. This places an
inherant limit on the sensitivity of the instrument at
low s.w.r. but, provided that the relative couplings can
be measured, it is possible to improve the overall
sengitivity for a given power and meter sensitivity by
arranging for an appreciably greater degree of coupling
on the “backward’”’ sampling line than on the
“forward” and thus providing an immediate
improvement of xdB in the lowest s.w.r. which can be

TRANSMITTER AERIAL
csl c52
E-! H,
CR2 CRI b
10C0 1000
2000 2000

Sla,

SET )
DEFLECTION _ )

SWITCH POSITIONS
{ — FORWARD

2 — REFLECTED

3 — MODULATED

e
—
-
-

(A}

Fig. 10.5. Circuit diagram of reflectometer. CR1, 2,
GEX66; CR3, 4, 5, 6, GEX66 or GEX54. CR3-6
should be by-passed by 1000pF capacitors across each
diode.
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measured for a given deflection of the meter (Fig.
10.4). Care must be exercised that the coupling from
either lines is not increased to the point where the
presence of the sampling line distorts the
electromagnetic field around the inner of the main line
sufficiently to cause an effective change of Z, of the
main line and hence introduce an inherent s.w.r. in the
instrument itself. As a general rule the coupling shouid
not be greater than 30dB to maintain an inherent
reflection coefficient of less than 3—4 per cent.

When the main line is carrying power which is
subject to amplitude modulation, then the sampling
voltage from the "forward’” (and the "‘backward’’) line
will alse be subject to amplitude modulation at the
same modulation depth. Since this voltage has already
been rectified and arranged to deflect the indicator
meter to full scale, then if this rectified {or detected}
signal is once more rectified, a d.c. voltage will be
obtained which is proportional to the audio frequency
voltage modulating the carrier. This voltage can then
be used to defiect the meter and this can be calibrated
directly in percentage modulation. This calibration
will also, to a first order, be independent of the
transmitted power, since the meter has been adjusted
for f.s.d. on the sampled detected carrier. |n practice it
is necessary 1o resort to fuil-wave rectification of the
detected carrier, although this does not really provide
sufficient d.c. voltage to cause large excursions of the
meter reading under full modulation conditions, i.e. it
is not possible to advance the meter to f.s.d. for 100
per cent modulation. It is recommended therefore that
the “modulation meter” aspect of the instrument be
regarded only as of an arbitrary quantitative nature,

R
T W@
$

1

I

Fig 10,6, Optimum step length at ¢ discontinuity Z, =
138 log; o5/d = 138 log; Ost. Optimum step length a
is a function of Z, D/d.

3

The introduction of the instrument into a
transmission line requires the use of plugs and sockets,
and this in turn will lead to a discontinuity in the line
at the ends of the reflectometer proper, due to the
sudden transition from the relatively large inner of the
instrument line to the inner of the coaxijal fitting. The
size of the inner conductor of the instrument must be
large to maintain the line characteristic impedance
while at the same time providing sufficient room to
accommodate the sampling lines between the inner
and outer conductors, i.e. this is a physical
requirement. These discontinuities are of the "right
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angled step” type, Fig.10.6, and there is an optimum
arrangement of dimensions to provide minimum
reflaction at the step for any given characteristic
impedance and inner conductors ratio. There is no
simple arithmetical formula relating the step-length
“a’" to these parameters,

Construction

The design is based on a diecast box 44" x 3%"
x 2" deep, with a partition running the length of the

pbox and fitted to form a 2" square cross section into -

which the trough line is assembled. Any other spacing
may be used but this complicates the calculation of
the Z,, of the line.

The characteristic impedance of a coaxial line
with a cylindrical inner conductor and a square outer
is given by

Z, = 138 logye L/d
where L is the lengih of the side and d is diameter of
the inner conductor and
L/dis>15

substitution of 2in in this formula gives d = 0.6in.

EL/ 2 FO-Q‘ %—~‘
L 10 DN
B D — T Y 'y

DIMENSIOR a = 0.055" £ 0.008"

(CLEARANCE FOR 18 5WG
BRASS TAG - DETAIL B)

NOMINAL V2" BORE
COPPER WATER PIPE

OL ?
DETAIL B ,
MATERIAL .....
L/ | swc shiss svap

N

Fig 10.7. Construction of main line inner conductor.

MATERIAL ...

PPASSEMBLY OF
DETAILS A R B

The r.f. connections to the box aré made using
Amphenol type S0239 coaxial sockets; it is important
w use the wvariety having nylon loaded bakelite
insulation {vellow) to avoid distorting the inner of the
socket when the line connection is being soldered.
These sockets are mounted centrally at each end of
the 2’ square section of the box, and their spigots are
cut down so that the overall dimension frorm the inside
face of the box to the end of the spigot is %''. The
inner conductor, Fig.10.6 detail A, is slotted at each
end for a depth of 1/8” and wide enough to accept 18
s.w.g. brass sheet as a tight fit, it is important to
ensure that the slots at each end lie in the same plane.
The small end pieces, Fig.10.6 detsil B, are cut from

18 s.w.g. brass sheet and pushed into the slots at each
end as shown. They are then sof soldered in position,
the pointed end of each tab tinned, and the surplus
solder cleaned off the outside to restore the cylindrical
shape at the ends. This inner assembly may then be
rested between the spigots of the coaxial sockets, and
soft soidered in position, see Fig.10.9A.
The sampling lines are formed from a strip line of
18 s.w.g. brass tying parallel to the partition. The
formula for the characteristic impedance of a strip line
over an infinite plane is given as:
Z, = 230 logy o 4D/W

where D = distance from plane, W = width of strip and
0.1<D/W < 1.0. As already explained it is necessary
correctly to terminate the sampling lines in order to
preserve the directivity of the instrument, and a
characteristic impedance of 100 obhms was selected,
based upon the use of available 100 chm 2 per cent
tolerance ¥ watt resistors as the terminating loads.
This figure substituted in expression (iii) gives 2 value
of D/W = 0.68. This provides a whole possible range ot
dimensions for the strip line and in order to achieve
the required degree of coupling to the main line, a
value of D = 0,25 and hence W = 0.375" was chosen
by experiment. The sampling lines were made as lang
as conveniently possible, care being exercised to make
them as near physically identical as possible.

The partition is made of 16 s.w.g. aluminium
sheet and the sampling lines mounted in the positions
shown in Fig.10.9. The spacing of the sampling lines
may be trimmed by adjustment at the terminated end
when the instrument is being set-up. The partition is

L

8db Sdb
“FH T IHMMFD
SIGNAL 750 (a) 7500 RECEIVER
GENERATOR
- REFLECTOMETER
£ L A ) $R0
% FI e ]
- Sl ______j__,i
(b) LIHM@

Fig 10.8. Insertion method for measuring coupling.
(a) Set a signal generator aiftenuator fo give an
arbitrary deflection K on receiver meter. Note
signal generator attenuator setting, say x dB.

(b} Repeat with reflectometer in circuit and readjust
signal generator to give same deflection K on
receiver meter. Read artenuator setring, say y dB.

f¢} Then coupling of main line to sampling line = x -

y dB.
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assembiled with sampling lines, tag board on rear, and
all components, before being fitted into the box.
Connections from the other side of the partition to
the various controls are made up as short fiying leads
to facilitate this assembly. The position of the various
potentiometers and switches is not criticaf, and some
alteration to the suggested layvout may be nacessary if
different sized components are employed,
Alternatively there is no objection to extending the
d.c. outputs of the sampling line rectifiers 1o another
chassis by means of a three core cable: it is of course,
essential that the initial diode rectifiers are located
immediately at the feedthrough bushes behind the
partition, as shown in Fig.10.9.

Calibration

Accurate catibration of the reflectometer
requires a signal generator with calibrated output, a
receiver with some form of carrier level meter, and a
ioad of known reflection coefficient suitable for direct
connection to either end of the reflectometer test line
(this load should be as near matched as possible). The
procedure is then as follows:-

{i) Terminate the aerisl end of the instrument, and
measure the coupling of each sampling line in turn by
the insertion method (Fig.10.8). Adjust the sampling
line spacing for identical coupling.

CHAPTER 10

{ii) Using the signal generator injecting directly into
each sampling diode in turn {with sampling lines
disconnected), calibrate the indicating meter in. terms
of dB relative 1o the injection voltage for f.s.d. This
provides also a check on the match of the diode
characteristics of each sampling circuit. These must be
matched if the instrument is to read accurately at all
transmitted power fevels: two diodes at random from
the box provided the results quoted for the prototype.
The instrument is then calibrated directly in terms of
the ratio of backward to forward voltages, expressed
in dB, for all transmitted powers, provided it is aiways
adjusted 1o f.s.d. on the forward position using the set
r.§ contro! (The SET DEFLECTION control should
be set, for any particular meter, to such a value as 10
allow the set R.F. control to function over the whole
range of transmitted powers expected).

Many amateurs will, of course, not have available
to them the necessary test equipment outlined above.
However, this need not detract greatly from the appesl
of the instrument, since, even without any calibration
at all, the output from the “backwerd”’ fline will
always reduce as the s.w.r. on the main line is reduced;
thus the reflectometer may be used quantitatively to
indicate best s.w.r. when adjustments are being made
to, say, an aernial system.

It is possible, without any test equipment other
than a low power transmitter, to make some basic
checks on the instrument as follows.

412" approx  (to suit box)

506" - ‘%f"f 6"
lyg* i\‘ - 4t - i
AN .
o |
iy
H: : =
L8| | [eon 18 swg

%]

Brass 5trip)
+

A !.4!-\
(@: ®

et

6BA

Strip Panel)

SECTIONAL DETAIL
OF MADE-UP FEED
THROUGH INSULATOR

Fig.10.9. Arrangement of strip line on supporting

partition.
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csl1
METER)

Fig. 10.94. General assembly of reflectometer.
VR1=50K ohms. VR2 = 100 K oluns.
VR3=35K ohms

With an open circuit on the aerial end of the
instrument, vary the power from the transmitter in
steps, and take at each level, the “forward” meter
readings with the instrument connected norrnally and
then the “backward” meter readings with the
instrument reversed. This will check the characteristic
of the diodes, and also enable slight adjustments to be
made to the sampling lines to equate the coupling. The
latter adjustment should be carried out at the normal
transmitter power only, for the best performance in
practice. Care must be exercised when carrying out
such checks, to avoid damaging the p.a. valve of the
transmitter through excessive dissipation on no load.
Provided that the dimensions given have been followed
closely, the errors introduced due to stray differences
in the final instrument should not be more than 2 or
3dB. Inspection of the calibration tabie shows that, for
the lower values of s.w.r. such an error results in a very
small error in s.w.r. this becoming increasingly worse
as the s.w.r. gets larger. Therefore, an uncalibrated but
carefully built instrument can be expected to indicate
sw.r. to an accuracy of + 0.5 up to values of 2:1
becaming as poor as 1.0 at 4:1. This shouid be quite
adequate for most amateur uses.

The reflectomeier described is designed for use in
lines having a characteristic impedance of 72 ohms.
Errors ensue from its use in lines of any other
impedance.

Reflectometer Calibration Table

Meter Reading

Forward  Backward Level {db) SW.R.*
50 50 0 infinite
43 44 —2 8.8
37 36 —4 4.4
30 29 —6 3.0
23 21 -8 2.3

Reflectometer Calibration Table {continued)
Meter Reading

Forward Backward Level {db) SW.R.*
18 17 —10 1.92
14 13 —12 1.67
11 10 =14 t.5

8 7 —16 1.37
6 5 —18 1.29
4 3 —20 1.22
3 2 —22 1.16
2 1 —24 1.13

*The s.w.r. column represents the conversion of
*hackward’’ meter readings for a ‘forward"’ reading
of 50. For a given input level, the difference between
lines was less than 1db over the full range. Zero level
is equivalent to 1V r.m.s. in 100 ohms.

Power Limitations

The sensitivity of the instrument is such as to
provide f.s.d. on a 50 pA meter for a carrier power of
5 watts. The upper fimit is set by the dissipation in the
resistors terminating the sampling line. These are rated
at % watt and, since the forward line is dissipating
power 32dB down on the incident transmitted power,
the maximum transmitted power should not exceed
500 watts carrier.

Frequency Range

The performance of the instrument is constant
over the 144 MHz band. The sensitivity will fal
linearly with the decrease of frequency since the
coupling lines are short. The impedance match of the

instrumant itself will deteriorate with increasing
frequency due to the presence of the step
discontinuities, and also the wvariations in the

terminating loads on the sampling lines, which will
become increasingly reactive.

AN ALTERNATIVE
REFLECTOMETER

Another design of the unit just described, which
wili be found convenient for many purposes and is
suitabie for use at frequencies above 432 MHz,

Fig. 10.10 represents a section along a coaxial
line through which a current | is flowing in the
direction indicated on the inner conductor. A loop is
inserted through the outer wall into the field inside.
One end of this loop is terminated by a resistor R and
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the other by an indicator M which may be any type of
device, but usvally a diode and microammeter.
Current is induced into the loop, and the induced
current, Im, will be in the opposite direction to that
flowing in the inner conductor. In addition, since

Fig. 10.10. [Hustration of the arrangement of the
directional coupler into the sample section of the
coaxial line,

there is capacitance between locop and the inner
conductor a current 1¢ flows in each leg of the loop. In
the resistance arm Im and lc are additive whereas in
the gther arm they are in opposition.

By adjusting the capacitance C and the mutual
inductance M, Im and i¢ can be made to cancel, and
the indicator will then read zero. If the current | in the
inner conductor is reversed, Im reverses and the
indicator wili then read Im + Ic.

COAXIAL LEAD

CRI

Fig 10.11. Circuit of coupler unit. R1, R2 = 70 ohms
% wait.

C, = %" dia. disc on 6BA studding.

Cy = 47pF ceramic.

D'L GE X686 or similar

L = coupling loop 20 s.wg. ¥
from mounting fece.

" wide, %" spaced

With the aid of two loops it is then possible to
read separately the two currents in the line, from
which the reflection co-efficient K can be determined.

Construction of the Line
In order to make coupling to the inner

conductor, it Is necessary to have a section of the
transmission line enlarged to enable the directional

10.7
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Fig 10.12. General arrangement of enlarged square
section line showing position of coupler sockets.

couplers to be inserted, The enlarged section may be
gither of round or square cross-section but the latter is
easier mechanicaily unless access to a lathe is aveailable.
The impedance of the new section of the line must, of
course, be of the same impedance as the normal feeder
line. The chart on page 10.8 shows the relationship
between the inner and outer dimensions for any
impedance between 20 and 200 ohms.

: 31
Iy 12
206 pia

i doverp f l

Fig 10.13. Showing end taper of both inner and outer
of the section. The inner conductor may be shaped by
turning or fitting a4 thin copper cone rolled and
soldered to inner conductor. The outer taper can be
made either by fitting blocks in the ends or folding
thin sheets into the correct shape, If this laiter method
is used overlap should be allowed for adequate contact
to the oulter.

in Fig. 10,12 is shown a suitable general
assembly arrangement. in this the bottom is closed by
a suitable plate and the ends by plates fixed to all four
sides of the square section. In order to preserve the
impedance at each end of the enlarged line, tapers of
constant D/d must be provided, this is shown in Fig.
10.13.

Detector Head Mounting

The detector heads and their sockets are made
from telescope tubes of about '*."” and 1’ diameters,
the sockets being %' long and spaced approximately
4" apart on top of the square section upit as shown in
the drawing. They are soldered into holes cut to fit
them and are slotted so that they may be clamped
tightly to the detector heads. The clamps may be
made from %" wide strip brass bent round and held
together with a 6BA nut and bolt.
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Fig 10.14. Chart showing the ratio of the internal
dimensions of a square unit to the external digmeter
of the centre conductor for use in coleulating the
dimensions of line sections of requiired impedance.
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CONDUCTOR

J i
Fig 10.15 Practical design of a suitable directional
coupler.

The Detector Heads

Two views of one of the two detector heads -
which are identical - are shown in Fig,10.16. The heads
are constructed on small frames made of %' wide thin
brass strip bent into rectangles which fit snugly into
the tubes. It is upon these “chassis’” that all the
components are mounted. The upper end of each head

is closed by a brass disc, the bottom end is made of
resin board or similar material. These end plates are
held in position by B8BA screws, which are also used
for fixing the “chassis” inside the tube. It is important
that the heads should be a good fit in their respective
tubes so that the whole assembly can be easily pushed
together.

The small trimmer condenser (C1 in Fig. 10.11)
is made by screwing a piece of 6BA studding right
through the rectangle and end plates. A % "' diameter
disc is soldered to one end, the other being slotted to
take a screwdriver. The % ** plate is then used to adjust
the capacity between the loop and the "earthy”
frame. The coupling loop is made from 20 s.w._g. wire
and is %" wide and %" above the resin-board plate on
which it is mounted. The loop is fixed through pairs of
small holes %' apart. Each end of the loop is passed
through one hole, folded back through its neighbour
and pinched to make a firm anchorage for each leg.
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Fig [ 16. Two views at right angles to one another
showing the construction of the detector heads.

It will be seen from the circuit of the detector
head that one end of the lopp terrninates in a
resistance R1, whilst the other feeds a germanium
rectifier type GEX66 the output of which s
decoupled by C2 and R2, Television type coaxial
cable, terminated with coaxial connectors can be used
to feed off this d.c. output. The leads are passed
through holes cut in the brass end discs, but care
should be taken to anchor the braid securely inside the
head by bending a long soldering tag round it and
lightly soldering. The tag can then be bolted to the
frame.

Terminating Resistance

The initial setting-up process reguires that a
terminating resistance be used at one end of the unit.
It must “look like” a resistance, even at 432 MHz.
This means that it must be coaxial and of similar
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impedance to the line. A long piece of coaxial cable,
say 100 ft could be used for the purposs, hut as such a
length is unlikely to be commonly available, a special
accessory will be described.

PIN
RESISTOR

~
POLYSTYRENE DISC

Fig. 10.17. Construction of the terninating resistance
as described in the text The diameter of the tube is
dependent upon the line impedance and the diameter
of the resistor,

An ordinary composition resistor with wire ends,
even if it is the correct nominal resistance, may be as
much as B0 per cent in error at 432 MHz owing to the
nature of the composition, and the high inductive
reactance of the leads.

High stability resistors of the cracked carbon type
have however, been found guite satisfactory: Welwyn
type SA3623 or Painton type 74 are suitable. The
resistor selacted should have the same d.c. value as the
required terminating impedance. It is used as the
“inner conductor” of a concentric line. The diameter
ratio of the line must, however, be made for a 30 to
40 per cent lower impedance than the required value,
because a line in which the inner conductor is all
resistance has a somewhat inductive impedance. The
smaller outer diameter, by providing greater capacity,
compensates for this effect. For 70 ohms the ratio is
2:1. Using the types of resistor specified above, the 70
ohm assembly { %"} diameter fits the Belling-Lee
socket. The construction of these terminations is
itlustrated in Fig. 10.17. When made as shown, the
terminations are within 2 to 3 per cent of the correct
value at 432 MHz. However, the wire leads to the
resistors showld be as short as possible. in the 100 ohm
type, the pin should be mounted in 3 polystyrene disc
made to fit tightly in the tube.

Setting up Procedure

Setting-up the instrument is quite simple and
only requires a low-power osciliator or transmitier
that can be modulated, preferably with a continuous
note. As the terminating resistor is rated at only one

INPUT FROM DETECTOR HEADS

—IOC’J}JA
A
EXTERNAL - PHONES
METER FORWARD  REFLECTED il

Fig 10.18. Circuit diagram of the meter switching for a
mounted reflectometer.
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watt, care should be taken not to overheat it. After
setting up, full power may, of course, be passed
through the Reflectometer.

The detector heads should be inserted so that the
ends of the loops are about half-way between the
inner and outer conductors of the line, using the
clamps as depth controls. The terminating resistance is
then plugged into one end and the modulated 432
MHz signal fed into the other.

The signal will be heard in headphones plugged
into the ‘phone jack and switched to the appropriate
head. The head nearest the terminating resistor is next
adjusted by simultaneocusly rotating it in its mounting
and adjusting the trimmer until a sharp minimum is
ohserved. This null point is guite well defined. The
head should be securely fixed in position by its clamp.
The input and output connections are then changed
over, the ‘phones switched to the other head and the
procedure repeated.

This procedure can be carried out on 144 MHz
but the settings may need slight adjustment for 432
MHz.

Use as a Power Meter

As the germanium detector has a reasonably
good square law response, the d.c. output from the
heads is proportional ta the power in the line.
Accurate calibration as a power meter is, however, a
difficult task; nevertheless, it is possible to give a
rough idea of what meter readings mean.

In the 1%" square 70 ohm line, if the loop is

%" inside the line cavity the meter will read
approximately 100LtA for one watt or 10mA for 100
watts of r.f. power.

With the loop halfway between the inner and the
outer these readings will be about doubled. As the
voltage applied to the coupler is proportional to the
frequency, the d.c. output will be proportional to the
square of the frequency, i.e. when the instrument is
used at 144 MHz the output will be about one tenth
of that for 432 NMHz.

THE MEASUREMENT OF R.F. POWER

There are a number of methods of power
measurement capable of providing sufficient accuracy
for all practical purposes, up to 1000 MHz. Where
power monitoring is required as distinct from actual
measurement the methods outlined can be used at still
higher frequencies but with rather less accuracy.

Whenever possible the measurements should be
made at relatively low impedance of say, 60 or 75
ohms. This is suitable for most transmitter or exciter
outputs but at higher impedances some correction
factors may become necessary.

In making power output measurements it should
be remembered that alf outputs including harmonics
and spurious emissions if any are present, will be
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included, and if it iz reguired to messurs only tha
power of the wanted signal, then some form of
filtering will be reguired. For most purposes this is not
necessary, but sams thought should be given o this
aspect when dealing with varector diodes or other
semiconductons.

THE THERMOCOUPLE
POWER METER

Besically thiz ¥ an extension of the Ffamillar
thermocouple in r.f. ammaters used for reeding aerial
current in 1.1, trensmitters.

The main component 8 a thermal comertor
which consists of a heating element, to the midpoint
of which is aitached a thermocouple. This s lixed by
means of a suitable material to give good hest
conduction, but still be an slectrical insulator, Suitable
units for use at v.bh.f. and u.h.f. are normally enclosed
in an evacuated envelope, the construciion being such
that stray reactive companents are minimised. Their
general form is similar to thet of the old acarn valve,
see Fig. 10,18,

Fig. 10,19, Typical thermal converier unir.

In operation, when an r.f, current passed through
the heater elemant & thermal &m.f. is produced in the
thermocouple, the magnitude of which will depend on
the value of the r.f. current. For calibration, If the r.f.
current is replaced by 8 d.c. or low freguency a.c.
(mains frequencyl current and its value adjusted to
give the same thermal eem.f. it can be shown that the
rf. current hos on r.ms. value equal to that of tha
calibration current. Therefore, since the current can be
measured accurately, this, together with the load
résistance. will enable an accurate measurement of the
total r.f, power to be mada,

Thermal converters are svailable in 3 wide renge
of heater ratings and typical types are shown in the
following table,

Table af Typical Thormal Convortors

Current Heater Thermocouple  Thermal

Range Besistance Reslstance a.m.f.lopen
circuit)

ma ohms chms mi

10 i B 7

10 80 ] 12

25 0 4 T

25 % 4 1618

50 3 4 7

B0 a8 4 12-=15

100 1.5 4 7

100 2 4 1216

00 0.3 4 7

GO0 D.45 4 12-18

1000 0.6 4 7

1000 0.2% 4 12-15

Availahle from Ormandy and Srollary | id,
J, Victora Place,

Brightiingsea,

Ezzax.

The actual value of the heater resistance will, of
coursa, vary with the temperature of the slement and
hence the currant flowing. Therefore, in order o avoid
a variation of the load resistance and as a rasult a
variation of the matching impedance sesn by the
source, it it desirable to provide a padding resistance

BYPASS CAPACITORS FOR
THERMO- COUPLE LEADS

MHETRIBUTION
PLATE

THEAMO
COURLE UNIT

-RESISTORS

R2%

3 (d)

Fig 10.20 Methods of use of thermal comverter for
higher powers

10.10
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to swamp these changes. As this type of instrument is
very sensitive, for most amateur purposes some such
arrangement will be needed to accommodate the
power level to be measured. Suitable arrangements are
shown diagramatically in Fig. 10.20,

In Fig. 10.20 {(a} Rl is chosen so that the
combination of the heater element resistance and the
external resistance {R1) is equal to the required load
resistance.

When bhigher powers are to be measured or
improved high frequency performance is needed the
arrangement shown in Fig. 10.20 (b} should be adopted.
in this the oad resistance is made up of a number of
small resistors arranged in paraliel in a circular
formation and connected to two plates, one fastened
on 10 the outer of the coaxial connector and the other
to the inner. The measuring thermocouple is connected
in series with one of the resistors or in some
circumstances the thermocouple can be connected in
saries with the centre connection for ali the resistors,

Another alternative arrangement suitable for
higher power is shown in Fig. 10.20 (¢}, in this case a
single large resistor is mounted in a suitable housing
and the thermocouple connected to a tapping neer the
earthy end, such as about 5 to 10% of the iotal value,
At higher frequencies still the use of a muiti-section
attenuator will generally provide a better match, this is
shown in Fig. 10.20 (d}. In this the components for
the individual sections are chosen 1o provide constant
dissipation as opposed to the usual reguirement of
constant attenuation. The canstruction of this type of
attenuator should be such as to maintain a constant
impedance, the individual resistor units should be of
the film type, R1, R3 and R5 being rod type and R2
and R4 of the disc type.

The accuracy of this sytem will be limited mainly
by the thermal converter whose reactive components
and skin effect will be increasingly significant above
500 MHz. The connections to the thermal converter
should, of course, be as short as possible, but bends or
soldered joints should not be closer to the vacuum seal
than about four to five mm. and the thermocouple
leads should be decoupled by feedthrough capacitors.

The thermal e.m.f. will be only a few millivolts
{see the table on page 10.10} and therefore, in order
that a robust type of indicating instrument can be
used, a transistor d.c. amplifier should be employed.

The Thermistor Bolometer
Power Meter

Thermistors and Bolometers are made in a wide
range of type and form depending on the precise
purpose for which they are required. A typical form is
shown in Fig. 10.21. The small bead which is the
active component, is usually a compound of metallic
oxides possessing a negative temperature cosfficient of
resistance. In use it is preferable to embody it in a
constant resistance, made to avoid changes in the
impedance match which would result in errors.
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METAL OXIDE BEAD

E% GLASS ENVELOPE

Fig 10.21. Construction of a microwave thermistor.

In Fig 10.22 it will be seen that the thermistor
R2 forms one arm of a conventional Wheatstone
tridge, the resistors R3 and R4 are equal and form the
ratio arms, while R1 is made equal to the desired
thermistor resistance in a typical arrangement. The
current to the bridge is made variable by VR1 and is
indicated by M1. The magnitude of the current is
adjusted until the resistance of the thermistor is driven
down to the required value, as shown by the nuH
indicator which may be either a centre zero meter ora

Fig 10.22, A simple thermistor bridge.

d.c. amplifier connected to a less sensitive meter.

If now an r.f. current {power} is applied to the
thermistor, its temperature will rise and the bridge
become unbalanced. If the current in the bridge arms
is now adjusted until balance is restored, the change in
d.c. power will be the same as the applied r.f. power,
assuming the conversion to heat is the same in both
cases. The substituted power may be calculated from

P={1; 2 -1, %) R?
where P = the substituted d.c. power .
= current through the thermistor at
balance with no r.f. applied.
L = current through the thermistor at
balance with r.f. applied.

The value of R3 and R4 should be made high
compared with R1 and R2 and the current may be
read directly from M1. Lower values of R3 and R4,
should be of simple ratio to the values of R1 and R2
in order 1o simplify calculations.

R2

cl
RF INPUT @—l c2

ral

TO BRIDGE

Fig 10.23. A coaxial thermistor mount,
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Typical thermistors have an operating resistance
of 60 to 500 ohms and for amateur purposes the
method shown in Fig. 10.23 is preferred.

In this case r.f. ppwer is applied 0 the two
thermistors R2 and R2™ via a capacitor C1 which
provides d.c. isolation for the substitution power. For
purposes of r.f. R2 and H2l are connected in paraliel
across the input by the capacitor C2, which together
with C1 must have a low reactance compared with the
impedance of the line carrying the r.f. power, together
with low loss at the operating frequency. The resistors
R2 and R2" are in series as far as the d.c. substitution
current is concerned. Most thermistors are of low
power rating, usually in the region of 10mW, and
should be used with the attenuator shown in Fig.
10.20 when power in the 1 watt range is reguired.

Bolometers are similar in construction 1o
thermistors, a fine wire replacing the metal oxide
bead. However, they have a positive temperature
coefficient of resistance and may be used in similar
circuits to those used for thermistors. Their
temperature coefficient is, however, lower than
thermistors and they are therefore less sensitive.

For amateur purposes a bulb may be used in place
of a proper bolometer and a festoon type is very
suitable.

Lamps as r.f. loads for
power measurements.

Probably the most inexpensive method of
measuring r.f. power output is to use a two lamp
comparative method, where one larmp is connected to
the equipment and the other to a variable source of
power. It is essential that both the tamps should be of
the same type and power rating and it is desirable that
before use the consumption data is recorded for both
lamps so that allowances may be made for any
differences. The actual difference between two lamps
of the same type and rating is unlikely to be sufficient
to make calibration essential for practical purposes but
is necessary for those who wish to be as accurate as
possible.

As may be seen from the typical curves shown in
Fig. 10.24 the light output from a lamp varies rapidly
with changes of voltage or current and it is important
therefore that direct comparison of the output is
made. This is best arranged by fitting the two lamps
side by side into a box having a ground glass screen
over the lamps and with a dividing panel between the
twao lamps. The two lamps will -then each illuminate
the two separate halves of the ground glass screen. -

Matching is easier using a ground glass screen
instead of viewing the lamps directly and this is
particularly true at the higher filament temperatures.
When the lamps are enclosed in the box there is also
much less interference by stray room lighting. A
suitable arrangement is shown in Fig. 10.25. A variable
power supply for the standard tamp is required and
either a voltmeter and ammeter or a voltmeter and a
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Fig 10.24. Characteristics of gas filled lamps.

0

calibration curve of the lamp is necessary for making
measurements.

If a Variac or other iron-cored device is used to
control the apptied a.c. voltage instead of a resistor it
will be necessary to take account of wave-form error
in moving iron voltmeters and ammeters which read
true r.m.s. values, This point may be a little academic
in view of the inherent inaccuracies of this form of
power measurement, but it may be of interest to those
seeking the highest passible accuracy.

GROUND GLASE SCREEN

|

RF INPUT

A
YWY

-
POWER

SUPPLY

Fig 10.25, Diagram of q suitable twa lamp compararor.
Alernative Single Lamp Method

In this case the famp is supplied with power
either from the equipment or a measured source, the

10.12



VHF-UHF MANUAL

light output being observed by means of a selenium

photo cell and micro-ammeter or a photographic

exposure meter. The procedure is then as follows:-

(i) First supply r.f. power to the lamp from the

transmitter.

{iiy  Take a reading of the light output using the

indicator (selenium photo cell and
microammeter or exposure meter} at a suitable
and measured distance.
Next, supply the lamp with a measured source
of power, with the indicator at the same
distance as before, increasing the light output
until the indicator reads the same as in step (ii}.
The actual power ocutput can then be computed
from the calibration data of the lamp being
used.

Lamps cannot, of course, be regarded as

non-inductive and some care is necessary in making

connections to keep the inductance as low as possible,

particularly when using them at v.h.f. and u.h.f. It s

worth noting that the screw and single contact type

cap is more readily fitted to coaxial plugs or sockets
than the double contact bayonet typs.

It is difficult to get a famp which will be equal to
the normal load resistance of 50 or 70/80 chms. And
it should be remembered that its characteristic varies
considerably with temperature.

MNevertheless the output indicated by this means
is reliable, but retuning of the output is likely to be
required when they are substituted.

{iii)

Dummy Loads

The production of a reliable dummy load does
not present any real problem and it may be of two
general forms:

(a) one large resistance

{b) a muttiple of small, one or two watt resistors

arranged in a cylindrical form.

In either case the whole unit should be enclosed
in a metal screen.

In the case of (a) the resistor element forms the
outer of the coaxial line and 1o preserve its impedance
the centre conductor from the free end to the coaxial
socket should be of appropriate diameter. This may be
calculated from:

Zo = 138 logy 2

where D is outside diameter of resistor
etement and d is diameter of inner conductor

Exampie, for a 75 obm 1" diameter resistor the inner
conductor should be 4.67mm or approximately 0.3".

In the case of (b) 8 number of parallel connected
resistors to make up the wanted line impedance which
might be 50 or 70 ohms, can be assembled as shown in
Fig. 10.26. As described earlier under power
measurement, a measuring device may be connected in
series with any one of the resistors to indicate power,
but alternatively a bulp may be used instead as an
indicator.

10.13

CHAPTER 10

Fig 10.26. A multi-resistor dummy load.

‘________,,,—--"' "!"T‘H‘--..H

FEEDTHROUGH CAPACITORS™ i o8
POTENTIAL LEADS: SWAMP e
i RESISTOR | 0AD RESISTOR

A WITH 10%0 TAP

COAXIAL I
CENTRE LEAD —

THERMO T
E L
COUPLE UNIT—"

L el

COAXIAL
SOCKET

i
OR PLUG MOUNTING PLATE

Fig. 10.27. A suggested mechanical arrangement for a
power mefter using a thermal converter connected to a
tap on the load resistor.

Iin either form, these dummy loads may be
considerably increased in power rating by immersion
in a suitable liquid. Transformer oil is recommended,
but ordinary oil may be used.

THERMO
COUPLE LEADS

TOP
CONNECTOR
PLATE
FEEOTHROUGH
CAPACITORS

P RMO -
il COUPLE UNIT
LEAD
MULTIPL
RESISTORS
IN PARALLEL

LOWER

CONNECTOR

PLATE —

COAXIAL PLUG
SOCKET

Fig.10.28. An altermative arrangement for a power
meter using ¢ number of resistors in parallel with the
thermal converter unit connected to one of the
Fesistors.
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An R.F. Bridge

This is a Wheatstone type bridge suitabie for use
on frequencies up 10 432 MHz. it requires care in the
construction to ensure absolute symmetry of the
component layout together with the ugse of miniature
components and matched pairs where necessary. This
will then give a bridge which has an accuracy of the
order of 1% of full scale deflection which is good
enough for practical purposes, and should fulfil most
amateur needs.

METER O-SO)JA
= o a0

_...H--.@
r J RF INPUT | R j
<o 3 5 ce

I va| 2 [eonmsE] [FivE] £'vr I

[ 3 x
:l_ N '.
e -
|
i | SCREEN
I —{]] i
1 S— &
I KMOWN 'l' Z UNKNOWN

Fig 10.29. Circuit of an r.{. bridge.

Rt R2 100 chms = 1% metal oxide type

R3 R4 4.7 K ohms = 1% metal oxide type

*RE R6 Terminating resistor consisting of two 150
ohms in parallel for 75 ohms,

C1, €2 0.001 pf ceramic disc,

C3, C4, €6, C7, C8, C9 0,01 uf ceramic disc,

CR1 GEXB66 or CV2290,

VR1 50k ohms miniature variable resistor,

VR2 2.5k ohms miniature variable resistor,

Z known—7% ohm resistor fitted into a coaxial plug;
*1f 50 ohms is required then R5—R6 will be 2 x 100
ohms—Z known = 50 ohms.

The circuit of the bridge shown in Fig. 10.29 is
given in the same form as the component layout
shown in the general drawing Fig. 10.30 and is
self-explanatory.

The whole unit, which uses a separate meter, is
built in to the smallest size standard diecast bax.

RF INPUT

E- EARTH

METER
TEAMINALS

DUE- CAST lOX—J

[>> seREENS

Z UNKNOWN

Z KNOWN
Fig 10.30. Component layout of r.f. bridge,

QOperation

The method of operation with this bridge is to
start with the value of Z known and adjust the length
of the stubs, or aerial matching device until a balance
is achieved.

This wnit will be found ideai for cutting coaxial
cable to % and % wave lengths, where Z known is
either an open circuit or a short circuit. The accuracy
that can be achieved will be better than 1% of full
scale deflection of the meter.

GRID DIP OSCILLATORS

HHT’+
66 [ s i

T 24
25+ 25pF g SEt e Ml

} 3 SRV
p
ki [ = 0-300pA
- E % ,
BF SRiT RS
| 247K 314 ::._Tl 82K

I
i
C4d
300pF4ca ) 300i]
Pk
1
i (]
i ARTH
| A LT+
LEE==ei=0 g.ay

Fig 10.31, Circuit diagram of the gd.o. for 70-160
MHz, As explained in the text, the range can be
expanded with additional coils to cover 23 to 220
MHz,
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A grid dip oscillator, or g.d.o. as it is usually
called is an essential piece of v.h.f. - uh.f. equipment.
it depends for its function on the movement of a
meter connected into a tunable osciliator. When this
oscillator is loosely coupled to an unknown tuned
circuit, the meter will indicate when the g.d.o. tuning
passes through resonance.

Construction

The first of the examples to be described covers
23 to 220 MHz and is suitabls for the exciter stages and
amplifiers of transmitters down to the Zm band, As
shown in the circuit a 6J6 (ECC91) is used as the
oscillator and the second half of the valve is used asa
d.c. amplifier so that this, in fact, gives a rise in grid
current instead of a dip. Only brief constructional

—L
HT & LT INPUT SOCKETS

{c)
s SUB-CHASSIS
DETAILS

c2

e

Fig 10.32 Front panel and
ponents within the diecast box.

arrangement of com-

details are given as a guide and the frequency range
curves are typical only. Calibration of individual units
is necessary for reliability. Cl is a split stator capacitor,
rather than a butterfly type, to give a 180 deg. scale.
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Fig 10.33. Construction of the coils.
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A Grid Dip Oscillator.
For Tha 70¢m Band

This is a single range g.d.o. covering a frequency
range of 390 to 450 MHz suitabie for the alignment of
70cm  amplifiers, and Jocal oscillator chain final

multipliers for i.f's up to about 40 MHz below the
signal frequency. The tuned circuit consists of L and
C and is positioned so that the maximum amount of
the inductance projects from the screened box to
allow easy coupling to the circuit being adjusted. The

A2521

ENDS MADE TO FIT G
=—=Detail of L=—

- o
EARTH 6.3V TT-I- 180V

APPROX]
Fig 10.35, A g.d.o. for 70cm.
C is split stator capacitor with a 6.5pF swing.
r.f.c. = 18 turns 26 s.w.g. on % watt resistor.
L2 = 11 turns 26 s.w.g. on Y2 watt resistor.

valve used as the oscillator should be one of the high
performance types, and in the prototype an A2521
was used. Alternative types such as an EC88/6DL4,
A1714/CV408 and 6AM4 may be used if allowance is
made for the different base connections and/or inter
electrode capacities.

Calibration is best carried out using Lecher wires
if a calibrated source is nat available and with care a
reliable result can be obtained, certainty better than
Q.5%.

A Transistor Dip Oscillator

This oscillator, covering 3.5 to 160 MHz is
suitable for tuning up all stages of receivers and
transmitters for 4m and 2m, as well as the exciter
stages of transmitters for the other bands.

In order to provide consistent operation during
the life of the battery the oscillator and its d.c.
amplifier are fed by a fixed voltage set by a zener
diode. The circuit is basically a grounded emitter
oscillator followed by a d.c. amplifier. A switch (S1) is
included to cut off the oscillator and atlow the unit 1o
be used as a sensitive absorption wavemeter.

The construction of this unit is illustrated in
Fig.10.37. A box of 6%" x 24" x 1% with a
flanged tid is a convenient size as a container. As with
all units of this type, care should be taken to ensure
that the oscillator circuit is wired rigidly and with as
short leads as possible so that the highest frequency is
attained without difficulty. The ccil plugs and sockets
are of the coventional three pin battery type but any
suitable alternative may, of course, be used.

COIL DETAILS FOR THE TRANSISTOR DIP OSCILLATOR

Cail Frequency Noof Wire Value Type
Range turns Size Dia. Length of Cf
MHz s.W.g. in pF
A 3.4-80 27 22 " %' 22004680 (a)
B 6.7-16 13 22 nr % 3,300 {a)
C 13.5-34 6 22 nr %t 2,200 {a)
D 33-85 3 18 % n 330 (b}
E 50-150 ' 18 see 10.38(c) - 68 {e}-
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Fig 10.26. Circuit of the transistor dip oscillator,

TAGSTRIPS,

SIDE AND REAR PAMELS
OF CHASSIS SHOWM FLAT
FOR CLARITY OF WIRING

ncizo /\
\_ 7\
St COLLECTOR EMITTER
SCREEN DASE
- ColL
PHONES) B
203323
52
BATTERY  TAGSTRIP COLLECTOR EMITTER
-VE BASE

Fig, 10.37. Wiring and component layout for the dip oscillator.
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Fig. 10.38. The coil assemblies. The five lower ranges are wound on paxolin tubes, while ranges 6 and 7 are air
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I B |5V
IOOOpF
i 3
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I0O0pF 0 i
RFC . RFC
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-.E Practical Circuit
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Equivulc'nt Circuit

Fig 10.39. Two practical diode attenuator circuits.

Diode Attenuators

Another application for diodes of the type
normally used for switching purposes is in attenuator
circuits. The effect is achieved by using a variable
resistance to bias the diodes to a suitable value to
obtain the degree of attenuation required.

The reference voltage must be set to a suitable
value depending on the diodes in use and the value of
the preset resistor arms in the particular circuit.

The resistance of the diode will vary from a few
ohms when forward biased, to several thousand ohms
when reverse biased.

la vle] 1000pF
L ﬁ Sla M2 ¢

ik
T 6+ 16pF T

VARIABLE
VOLTAGE o

REFERENCE
VOLTAGE

.02
i

'4' Practical Circuit
& / )
2 2
AI» Al-
i &

Equivolen't Circuit

Attenuators of this type are suitable for a
number of applications, such as in the receiver input 10
prevent cross modulation from strong local signals, or
the adjustment of exciter power to a required level,

Attenusation of from one or two dB up to 30 or
40dB can readily be obtained from either of the
circuits shown, by the suitable setting of the variable
resistor VR in the left-hand drawing, or the voltage in
that on the right.

Noise Generators

The most satisfactory method of assessing ithe
performance of a receiving system, is to measure the
noise factor. For the two lower frequency bands, 4

and 2 metres, a simple thermionic noise diode such as

Cv2171
AFC IOGORF

IOCOpF

£ aec

7500
UNBALANCED

Rs
000 ¢ 750 OUTPUT
I-l PF
- ' -

] (a)

o
Aoa

Fig. 10.40. Circuit of a typical valve noise generatar.

vR2
% @
o S2b 4
100 0pF,
. £ RFc RFC 1000 pF
- 3
Rs BALANCED
002 AUTPUT
I0OCPF
RFC
| {(b)

3
*~—
L
4
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Fig.10.41. Chart showing noise factor for various values of source impedances.
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the A2087/CV2171 can be used. Although at 70cm
the sarme arrangement may be used to give an
indication, a more suitable type is the coaxial diode
type CV2341. This diode may be used at higher
frequencies but for accurate readings it is necessary 1o
standardise it by reference to a gas discharge source.
The circuit given is for a complete noise generator
showing separate outputs for (A) coaxial, (B)
balanced, receiver inputs. In these interchangeable
heads the source resistor Rs should be suitable for the
input impedance of the receiver, or the Zg of any
interconnecting coax.

In use, noise output from such a generator can
readily be calculated but for convenience a chart is
given showing the noise factor for various diode
currents at selected typical source resistance values.
The noise diode head units are best constructed so
that they can be plugged directly into the receiver (or
converter) aerial input socket.

The method of making measurements is to adjust
the receiver gain controls untit the amplified noise
signal produced by the source resistance Rs and the
receiver noise produce a suitable deflection on a meter
connected to the output This may conveniently take

IN34 OR EQUIVALENT
CRI

TOSFRYER % n o 3ok %o.u (%)M
' ' =

Fig 10.42. Circuit of a suitable output indicator, Tl is
a small audio output transformer. CR1 is a IN34 or
equivalent.

the form of an a.c. voltmeter connected across the
loudspeaker. A suitable deflection might be 0.5 voit.
This initiat setting up is done with the diode filament
switched off, and any a.g.c. in the receiver chain
disabled.

Having set the ‘zern’ conditions, the noise diode
filament is switchad on and slowly increased in
temperature by reducing the variable resistance in its
circuit until the output power of the receiver is
doubled. If a voltmeter is being used as an indicator
then the volts will need to rise by J2 times. Now read
the diode.anode current needed for this operation.
The noise factor can be calculated from the following
formula taking the normal room temperature as 290

degils. 20id R
; _ S
NF {in dB) 10|0910%1000
where Id = diode anode current in
milliamps
Rs = source resistor in ohms

If the temperature is other than 290 deg.X, this
may be corrected by the formula:
290-—-T

NF (at 290°k} = NF at different temperature x 250

The output indicator could be calibrated so that the
meter M is scaled with 3d8 (2 to 1 power) points. This
will enable the output ta be set at various points and if
tests are made at several levels it will enable some
assessment of the linearity of the receiver to be made.
Care must be taken though, that no overloading takes
place anywhere in the receiver chain. Some
improvement in  linearity may be obtained by
switching on the b.f.o. as this sometimes improves
performance of some types of detector.

—C
_L—-llaaoc-pF

+ -

o Red RFC  CRI IOOOpF

Y 50K$-
-7 O~OnA 1000 Rs oy 7500

UNBALANCED
PFT 75“?ourpur
= {c)

Fig 10.43. A silicon diode noise generator. The diode
could be IN21, GD8, or equivalent. M is 0—10mA. It
should be noted that this type of noise generator is
suttable only for comparative noise measurements.

A circuit is given for a simple type of noise
generator, using a silicon diode. This type is only
useful for comparative measurements or as a noise
source. It cannot be used to measure the noise factor
of a receiver.

100 kHz Crystal Marker for the
v.h.f. range.

The circuit consists of a conventional transistor
100 kHz crystal oscillator followed by a tunne! dicde
harmonic generator amplifier which provides marker
signals up to and beyond the 2m band.

ST $the
. l cri &
S 10K cl Wing
x; 470097
100 kM )
: L 4. L
> 3-3K
Y e
}l
y.4 TR
Jod-wpf CMme
Sh2
- X
-0

Fig 10.44. A 100 kHz crystal marker.

L1 =500 gH. L2 =% of number of turns of L1.
X1 = 100 kHz crystal of parallel ressnance type.

The adjustment of the unit is very simple and
consists of two operations only,

{a) tune L1 for maximum oscillator, and

(b) adjust C2 for zero beat with BBC Diroitwich

On 200 kHz.
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Note that a 10 hertz error at 100 kHz will result
in approximately 1.5 kHz at 145 MHz. If long term
stability is desired then a crystal oven will be needed,
but for most purposes this is not required.

POWER SUPPLIES

As the power handling capabilities of transistors
is increased, the need for a suitably stabifised powver
supply becomes necessary especially for fixed station
operation. Unlike valve equipment for this type of
apparatus the need is for high current at low voltage,
and this calls for an entirely different approach to the
problem. The unit described is a typical example.

Circuit Principles

Unsmoothed d.c. is produced by s bridge
rectifier and is stabilized by a series emitter follower
driven by a grounded emitter amplifier in a feedback
circuit. Contro! of the output voltage is achieved by
supplying the base of the amplifying stage from an
adjustable point on a potential divider between the
output terminal and a d.c. reference rail. The use of an
auxiliary reference rail permits adjustment to be
continued down to zera volts sutput, without loss of
loop gain in the amplifying circuit. This reference rail
is preduced by use of an overwind on the mains
transformer in conjunction with a halfwave rectifier
and series stabilization by an emitter follower. No
feedback is used in this auxiliary supply, the emitter
foillower being driven by a Zener voltage reference
diode.

CHAPTER 10

By the use of an external reference facility, leads
and plugs between the supply and s remote piece of
apparatus may be included inside the feedback loop,
with a considerable reduction in supply impedance.

An overload trip facility is provided, the current
sensing element being a one ohm resistor in series with
one of the supply rails. The trip circuit comprises a
Schmitt trigger circuit and amplifier which effectively
short circuits the main feedback ampiifier in the event
of an overload, thereby reducing the output of the
unit to zero.

Parts list for the stabilized power supply

c1, 450pF 25V d.c.
Cc2, 1000uF 12v d.c.
C3. 4500uF 40V d.c.
c4, 50uF 12V d.c.
Cs: 4‘50pF 35V d-C.
CG, 25uF 25V d.c.
Cc7, 100uF 25V d.c.
D14, BYZ210
D5 QA1D

! llard
D6, oaz202 { VA
D7, OAZ207
F1,F2, %A anti-surge fuse
M1, 0-1A d.c.
Mz, 0-20V d.c.

Fst Sl
O'SA /(
f
MAINS | LP|
INPUT  INEON
'\\
Fs52 . s
054 Slb
® ¥
Qczs (© @\ v
oaz202 | OC139 TR3330n§
i RS 3 47K 0C139
ocsa S 223 -
OCi39 - S P
E PFcl RB TR4
VAV —t OC84
D5 ] 1K J
DAIOD 39|:3.“:IJ:,'_' ._...l
#D: ay 4 2R7 2R9 RII
BYZ10 e 5%}; fz-'m I-BK I4-3K
4 QC139

Fig.10.45. The circuit of the 20V 1A stabilized power supply. S2, the voltage range selector, is shown in the

010V position.
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Parts list for the stabilized power supply—continued

R1, 390K ohms ¥z W.
R2, 1K ohms 1 W.
R3, 1K ohms 1W.
R4, 3.3K chms 12 W,
R5, 2.2K ohms ¥ W.
RE, 4, 7K ohms % W.
R7, 2. 7K ohms 2 W,
R8, 1K ohms % W.
R9, 1.8K ohms % W.
R10, 330 ohms Y2 W.
R11, 4.3K ohms %:W.
R12, 100Kohms 2 W.
R13, 1K chms 1 W.
R4, 1K ohms %2 W.
R15, 8.2Kohms %2 W.
R186, 100 ohms 12 W.
a17, 1.8Kohms % W.
R18, 1K ohms W,
R19, 100 ohms ¥ W.
R20, 1 ohms3W.
R21, 10 ohms 12 W.
RvV1, 1K ohms W.W.
RV2, 2K ohms W.W.
51, 2 pole on/off mains switch.
S2, 2 pole 2 way rotary switch.
{may be combined with §1).
53,54, 2 pole 2 way slide switch.
T1, 30V 2A Mains transformer.
TR1, 0C139
TR2, 0OC139
TR3, 0C139
TRA4, oC84 ) Mullard
TRS, 0CB4
TRE, 0OC84
TR7, 0Cc28 J
All resistors are T 10% types.
Circuit Details

The mains transformer taps on the secondary are
such that two voltage ranges can be accommodated to
minimize power dissipation in the emitter follower.

A d.c. voltage is built up across the main
reservoir capacitor C3 by the bridge’ rectifier D1 to
D4. BYZ10 diodes were used here in the prototype
but there is no reason that BY Z13 diodes or a similar
type should not be used if these were found more
readily available.

The d.c. reference line makes use of the 30V
overwind on the transformer, halfwave rectification
being used to charge the reservoir capacitor C1. The
series emitter follower stabilizer is TR1, the base of

this being held some 5.5V above the positive output
rail by the Zener diode DB. The smoothing capacitor
C2 reduces the ripple on the auxiliary line to an
acceptable {evel {about 10mV).

The main emitter follower stabilizer TR7 is
driven by a second eritter follower TR6, R15 being
inserted to prevent the output of the unit rising with
no load applied, due to collector base leakage in TR?.
The potential on the base of TRE is controlied by the
grounded emitter amplifier TRS, d.c. for this amplifier
being derived from the reservoir capacitor through
R13 and R14.Splitting the d.c. supply path permits a
smoothing capacitor C5 to be inserted, this capacitor
reducing the ripple in the supply to the small signal
amplifying stage. A second important function of C5
is in the standby mode. When S3b is closed, Cb is
shorted through a 10 ohms resistor and the base
voltage of TR6 is reduced to near zero. Because of the
forward base emitter voltages of TR6 and TR7, the
output of the unit is exactly zero. Recovery from this
condition after opening S3 is regulated by the time
constant R13 Cb. The slow potential build up caused
in this way prevents premature firing of the overload
trip circuit due to current surges in the cutput of the
unit.

The emitter of the grounded emitter amplifier is
returned to the voitage reference diode used in the
auxiliary rail stabilization circuit. The base of the
amplifier is eonnected to a point on a potential divider
between the negative output reference and the
auxiliary reference rail. Adjustment of RV2 changes
the position of the tapping point on the divider and,
since the base emitter potential of TRS remains
substantially constant, this results in a change in
output voltage. In order to change voltege ranges, a
fixed resistor, a little less than the maximum value of
RVZ is switched into the divider. C6 improved the
loop gain of the amplifier at high frequencies, the
value of this loop gain at 1 kHz being approximately
34d8B.

The ammeter is placed inside the feedback loop
so that the effect of its impedance is reduced by the
amplifier, the arror in reading due to the drain in the
divider being negligible if a 1A instrument is used.

A smali electrolytic capacitor C7 is placed across
the output terminals of the unit, this capacitance
having most effect at frequencies above those at which
the feedback amplifier operates i.e. above 10 kHz.

The shunt resistor R2 across the main resérvoir
capacitor is designed to pass a greater current than is
flowing in the auxiliary reference circuit. Without this
resistor, when the drain an C3 exceeded the current in
the auxifiary circuit, the wvoltage across C1 would
change by about a volt, causing a small change in the
reference level and hence the unit output. As it is, the
effect of increasing load does modify the reference
slightly and this rmay give rise to a negative d.c. output
impedance. This negative impedance is not of
sufficient magnitude to support osciillation on any
practical foad.
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The Schmitt "trigger circuit used in the current
overload trip is TR2 and TR3. The emitter supply for
this pair is derived from a Zener reference diode D7 in
order that the performance should remain unaffected

g T e

T i
0 o ol |
E _“,.“Lh:]f_:_;n:_;n__;_"J TR7 i
OT T T Tl €, O |
Q Q gl
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GROMMETS FOR ACCESS TO PANEL”

INDICATOR

51/52
® g
+OUTPUT g |
EARTH o l
+REF 5 1
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Fig 10.46A. A suitable panel and chassis layout for the
power unit.

by a change in output range. In the normal state, TR3
is bottomed and TR2 cut off. As the load current is
increased the base of TR3 is taken more negative until
this transistor begins to out off. As the collector
voltage rises towaerds the reference rail, TR2 is pulied
on by the coupling effect of C4 and RS, Regereration
completes the switching cycle and TRZ becomes fully
bottamed, the base of TR4 being pulled negative. TR4
starte to conduct, the collectar current being sufficient
to pull the base of TRG to zero with TRE cut off.
When the output has falien to zero, the overload
current will be zero, but the hysteresis voltage in the
trigger circuit is sufficient to hold the unit off. The
trigger can only be reset by closing $3a which turns
TR2 off after a short time determined by C4 and the
magnitude of the hysteresis voltage. This short interval
is sufficient to allow CB to discharge through R21 and
S3b, thereby avoiding a pulse of output when sefecting
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the standby mode. The current tevel at which the trip
fires can be adjusted by RVY1 in the base circuit of
TR3.

If, for sake of simplicity, it is required to
construct this unit without the current trip facility, all
components associated with TR2, TR3 and TR4 could
be omitted without affecting the performance of the
unit in any other respect. It would, however, be
advisable to put a fuse in the ocutput circuit; a 2A fuse
in series with the ammeter would afford sufficient
protection to TR7 in most cases.

Construction

The BYZ10 diodes need no conduction cooling
and may be mounted on a paxolin strip or some other
insulating matetial. The OC28 emitter follower needs
an excellent heat sink if the unit is not to fail under
jow voltage, high current, conditions. If a chassis
similar to that specified is used, the transistor may be
bolted to this, a mica or anodized aluminium spacer
being used to insulate the transistor from the chassis.
i some other chassis form is to be used, it should be
ensured that an insulateg heat sink with a thermal
resistance of less than 3 C per watt is provided for
the OC28.

Full details of a suitable layout for the front
panel and chassis are shown in Fig.10.46A.

The low power sections of this unit lend
themselves to printed circuit or pin board
construction. All the low power stages can be
accommodated on a board 5” x 3%" which will fit
underneath the main chassis.

Testing

When the unit has been checked thoroughly for
any mechanical faults, it may be tested as follows.
Turn RVi to its maximum position (slider nearest
auxiliary rail); RV2 to minimum (shorted); S4 to
Reference Internal; §3 to Normal and 52 to 0 — 10V
d.c. Switch on the maing supply and check that, on
increasing the setting of RV2, an output voltage
reading is obtained. H nc such cutput is forthcoming,
measuring the voltages across C3 and C1 should give
an indication of whether the fault is in the supply
circuit or stabilizing circuit. To eliminate the influence
of a faulty current trip circuit, it may also be found
useful to disconnect the collector connection of TR4.

After a voltage has been obtained on the output
terminals, increase RV2 to maximum and check that
the output is at, or above 10V. Now change the 10V
to 20V range and check that RV2 has its expected
range.

Return S2 to the 10V range and set the output
voltage 1o 6V dc. Now reduce the trip level
potentiometer slowly to zero. if the output falls to
zero the potentiometer shouid be very near the low
end of its range when the trip fires. Increase RV1 to
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maximum again and, if in the last test the overioed
trip was fired, reset the wip by swiiching 53
mormentarily to STANDBY. The output level should
be obxsarved to climb slowly back to 6% as Cb charges
through R13.

Connect a load of about 10 ohims to the output
af th unit and adjust the output voltege until the losd
current iz 0.64. Now reduce the setting of BV until
the overloed trip fires. RV1 should be near mid range
at this time. Reset the trip and AYT and incresse the
autput to 1A to ensure that the maximum setting of
the trip level is sufficient. Any slisht discrepancies in
the range of RV ean e removed by adjusting R10
and R11 until the correct range is obtained, Only after
the current trip rangs has bean fully checked should
any short ecircuil test be sttempied ag, if the current
trip is faulty, an overload will destroy TR7.

Should any difficulty ba experignced In
obtaining the expected performance from the unit, tha
voltages shown in the table may be used as a guide in
fault finding.

8 b €
TR1 +5.49 +5.6 3.4
TRZ 0.7 +H1.6 +5.d
TRA +0.7 +HO.B +0,7
TR4 +5.4 +5.3 =10.5
TRE Q +H0,1 -10.6
TRE 0.3 <106 =128
TR? -10.3 =103 -12.8

Specimen d.c. voltages present in the powor suppiy
while it is supplying 10V st D.6A. All voltages were
measured with an Avometer Model B on the 268V d.c,
range ond gre with respoct 1o the positive rail,

Opearation

Qperation of the umnit is generally straightforward
but a few notes may help to axplain the facilities
provided to their best advantags.

Curremt trip. This shouwid generally be set at about
twice the anticipated paak load current, though if enly
ghort eifeuit faulte are expected, it may be laft at is
raxkifmom satting.

Voiltage Hange At the owerlap point Detween ranges, it
is penerally better to use the low range than the high,
since a grest deal of powsr is weasted in the OC28 if
ithe high range is used noar ittt minimum voltage
setting.

Standby Switch., The stwmndhy switch is operated
moamentarily to reset the current trip and may also be

used while meking adjustments to an experimental
circuit under test. When returning to normal, the

output will build up slowly 10 prevent the overioad

trip firing due (o a current surge N0 8 capacitative
load. This slow build up may alzo give enough time o
epat any fault under test before any damsage is done.

Extarnal Reference Switch, The sxternal reference
facility may be wsed in situations whera a lowe source
impedancs from theé pawer supply 1§ vital e prevent
oscillation ar some other unfortunate condition. This
is often the case whare the unit being powared is
separated fram the supoly by a long supaly lead and,
perhaps also some plugs and sockets which all add to
the supply impadance.

In this case, & pair of leads should be brought
back to the powar supply from the supply rails in the
unit under e, thess |eads baing inssrtad In the
appropriate reforonce ookets on the powoer supply, I
54 iz now opened, the feedback loop will extend to
include the supply leads and hBence their sifective
impedance will be reduced by a facter of up to 5O at
frequencies ower which the fesdback smplifier
OPOTELES,

A TUNNEL DIODE PROTECTED POWER
SUPPLY FOR TRANSISTOR EQUIPMENT

Transietors, unlike the thermionic yalve, Bre vary
sansitive to voltage surges. The normal mains supply
systom is subjected o many switching and other surge
producing effects and transistor equipmant should be
protected by some fast scting device to reduce these
trangient surges. This power supply will do just that as
well a5 providing e stabilised output adjustabls
betwesn 18 and 3% volts,

Fig. 10.46. The complere runnel diode protested
pover unii.

Input
The input transients can be dealt with very

simply; a capacitor and résistor across the transformar
secondary (Fig. 10.47),
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R ()
= q DIODECS)
B 4

Fig. 10.47 Input transient suppressor device.

The capacitance necessary to suppress the
switch-off transient is given by:

transformer total power rating
(diode p.i.v)?

C =400 uF for stalloy
cores. When the transformer is switched on, voltage
surges may occur due to oscillation of the transformer
leakage inductance with the surge suppression
capacitor. This can be damped to a safe value with a
resistance in series with the capacitance:

R = 100 /R1/7C ohms,

where R; is the load resistance and tha frequency is
50 hertz,

3

Fig.10.48. Voltage
rectifier,

—

+
% =

surge suppression following

The reservoir capacitance is an effective
short-circuit when the unit is switched on, so some
series resistance before the reservoir is essential
{Fig.10.48).

The resistance can either be external or internal
to the transformer to limit the surge to a safe value
{say, 10 amps for a 1 amp rectifier).

Output

In Fig.10.48 the output impedance will be high
so the output voltage varies considerably with the
current drawn. There are plenty of stabilizing circuits
to reduce the output impedance and one which is not
too complex is given in Fig.10.49.

+ O

{NPUT
Z1

TR!

TR2
TR}

vy

TR4

it A AR
VY

A AT At A
L

L b b
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J.ourpur
2 .I.

£o { —

Fig. 10.49. One form of stabilizing circuit which will
reduce the output impedance.

A
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If a heavy output current arrives TR3 could very
well be biown up, and possibly TR2 as well. In other
words, a current operated trip should switch the
supply off before that kind of thing happens. A
mechanical switch wouid be far too slow, so we are
left with electronic switches.

I &
Z__ SOURCE
LOAD LINE
RL
Vi Ve v

Fig. 10.50. This shows the two points A and C where
the diode is stable.

The normal kind of switch either relies on a
fairly heavy voltage drop (s.c.r's}) or a negative
supplementary rail (Schmitt, Eccles-Jordan} for
religble working. 1t was to get round these
disadvantages that a tunnel diode was used. A tunnel
diode can switch in 1 muS but the switching range is
small. aAmptified it performs perfectly.

I
A FORVARDS v
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Fig 10.51. Hustrating the tunnel diode as a switch.

Switching using Tunnel Diodes

In an article on tunnel diodes mention was made
of driving a diode with a source impedance greater
than that of the dicde’s own negative resistance
(RSGB BULLETIN, February 1965, p.97). In fact, if
a tunnel diode is driven from a current source (as it
sees it), there can only be two places on the V/I curve
where the device is stable; e.g. in Fig.10.50, A and C.
B is unstable, as it is on the negative resistance part of
the characteristic. |f the diode were biased to point A
and it received a positive going pulse, provided that
the pulse lifted it above the top of the curve, Ip it
would switch to C; and the only way it could be
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brought back again would be to have a negative going
pulse going below the valley current. Or, alternatively,
just switch the supply off. The sequence of events is
shown in Fig.10.51.

For a 1mA tunnel diode (IN2929, (N2940,
JK 18A, etc) Vp is about 50 to 80mV and Vip is
about 0.5V. The time taken to switch, once Vp has
been reached, is easy to find approximately. With a CR
combination, the time constant in seconds for the
capacitor to charge up to 63 per cent of the supply
voltage is equal to the capacitance multiplied by the
resistance in other words, t = CR. R can be replaced

pr N g
by -—-l—_T-\T—- and C can be taken as the junction
capacitar?ce. With the IN2940,

Ip = 1mA
Iu = 0.1 5IT‘IA
Vip = 500mv
Vk] = G{Mn\f
¢ =5pF
(V. —v,)C
makingt = L—p—
Ip — ly
_4405.10"
0.85
= 2.5 mUS

However 2.5 myiS is too short and the way to
slow it down is to increase the capacity across the
diode. With 0,05 UF the switching speed drops to 25
1S, which is just about what is needed.

+

R so that Ip 2 ldicde 2 Iy
QUTPUT
INZ2940

O

Fig. 10 .52 Circuit of the tunnel diode switch.

The switching range, A to C or else Vp h s} pr
with a germanium tunnel diode, cannot be less than
200mV. This can be amplified by hanging a
transistor directly coupled stage on to the diode. Now
the minimum voltage that could be across “'C” in
Fig.10.47 is 350mV (Vy} and the maximum, 500mV,
which is not enough to drive a silicon transistor. With

0 — Ve

A

CUTPUT

IN L

Ge TRANSISTOR

TUNNEL
bloDg

O O E

Fig 10.53. The addition of a germanium transistor
completes the switch, which may trip in g range of
only 1 per cent

a germanium transistor, however, things are different.
When it is switched on, the major part of the tunnel
diode bias current will be diverted to the base of the
transistar and this then switches on.

The stability of this kind of switch depends
mainly on how stable the bias current is and how
stable the diode peak current remains llp}. With good
design it is possible to have reliable tripping in a range
as small as 1 per cent.

Complete Circuit

Fig.10.64 shows a Y% amp. 28 volt power supply
with fairly low output impedance. It switches off in
25 (dSat any current which may be desired, from QO to
a surge current of 0.8 amp without even a flicker on
the meter. The cutput voltage can be adjusted with
VR15 to between 18 and 35 volts, and the voltage
drops by 0.1 volt on full load.

COMPONENTS LIST FOR Fig. 10.54

C1 0.47 pF 100V {Mullard)
c2 2500 pF 64V (Mullard)
Cc3 0.05p ceram 20V

c4 0.06 p ceram BOV

c5 3.2 uF 64V (Mullard)
SJ203K {(AEL}

§J203K (AEI)

SJ203E (AE!)

SJ203E (AEL)

F % amp

M ¥ amp (low resistance)
R1 390 ohms %W

R2 2.7 ohms 3W

R3 E.8K ahms %W

R4 2.7K chms WW

RB 5.6 ohms %W

R6 180 ohms KWW

VR?7 10K ohms min preset var.
t:) 1 ohim 3W

VR9 300 ohms min preset var.

R10 1 ohm laW

R11 6.8K ohms %W

AR12 1K ohm %W

R13 B.8BK ohms %W

Ri4 3.9K ohms ¥%:2W

VR15 1K ohm min p/s var.

R16 1K ohm W

R17 10 ohrms 10W

T1 40V Y% amp tapped B8V (sac., d.c. res. min.
3 ohms)

TD 1N2940 (G.E.}

AF118 {Mullard}
TRG6 2N696 (G.E.)
25301 (Texas)
25012 (Texas)
25013A {Texas)
21 MRB6H {AEI}

Z2 MR33H (AED

Z3 MRG62H (AEIl)
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f F2
54 O-34 BULD

o ”

- RESISTBF&S AKE [/4 WATT RATING UNLESS OTHERW!SE STATED
SWITCHES ARE SHOWN IN OFF/RESET POSITION

mo

Fig 10.54. Complete circuit of the tunnel diode power supply.

The switch operates off a 1 ohm resistance in the
main h.t. rail. VR7 controls the normal standing bias in
the diode {about 0.76mA) from a 5.6 volt zener diode
{diodes of this range have the lowest temperature
coefficient}, and VRS9 is a fine control for tripping.
One practical point; the 0.06 UF capacitor {C3) across
the dicde junction should be ceramic and the lead
length between it and the diode should be as short as
possible (4" at most). The d.c. amplifier used here is
an AF118 because it is cheap and can stand the h.t.
voltage. When the switch is off, the collector-emitter

PRINTED CIRCUIT BODARD 4*x 2'4"

voltage of the AF118 is as near full h.t. as makes no
diffarence. When the switch is operated, the trarsistor
turps hard on (Ve = 0.5} thus turning TR2 on (0.7
volt across the emitter base junction}. This brings the
bases of TR4 and TRG {a Darlington pair} down to
ground level. The output voitage sinks to 5mV across
62 ohms, and 1.1 volts open circuited. Resetting is by
switching the unit off and waiting for the reservoir
capacitor to discharge through R17. The switch
controlling R17 is ganged to the main power switch
and should be a "break-before-make” type.

s
4
10 ANCDES AND

TRANSFORMER . D) -1

b
CATHODE
STUBS OF | CI
S1203F

70 ANDDES AND
rinusmnnsn &

s
1

MOUNTING
- HOLES

FROM QUTPLY
AND METER —ve

i

TO BASE
OF TRS

TO COLLECTOR
{F TR3

TO EMITTER OF TRS EARTH

AND METER +ve

Fig 10.55. A suggested
printed circuit layout,
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Resetting could be done by having a shorting
button acrass the tunnel diode land a protective fuse
in the emitter circuit of TRB). While this methed of
resetting would work, no mechanical fuse can act fast
enough to protect TRS {and quite likely the load as
well} from burning out if the unit still has got a short
circuited load connected across it.

If different cut-out times are needed C3 can be
changed ar switched as shown below.

Time {S C3uF Time S C3 uF
10 0.02 100 0.2
25 0.05 250 05
50 0.1 500 1

500MS lor % millisecond) is the longest cut-out time
constant which can safely be used, and 10 or 25US
should be sufficient protection, say, for overlay
transistors or other high current low impedance
devices.

it would have been possible to have saved a
transistor in this circuit {TR2) by having the switch in
the negative ling but transistors of this kind are cheap,
and it was thought worth while doing it this way, 50 as
not to break the earthline,

For higher currents, say 1.5 amps, the sensing
resistor should be reduced to 0.3 to 0.5 obms, the
emitter resistance (R12) belonging to TR3 should be
reduced to 560-620 ohms and, more important,
TR4 (28019) should have a heat sink. 1.6A is
the maximum that the final power trapsistor {(25013A)
must pass. Any n-p-n transistors can be used in the
stabilizer section provided they can stand the voltage
and current. For negative h.t. lines, np-n transistors
should be changed for p-n-p types and vice versa and
the zener and tunnel diodes should bhave their
connections reversed.

A Low Power Unit Suitable for use
with Converters and Similar
Equipment

This small unit will deliver 6.3V at 1.5A and
150V at 30maA, which is adequate for the average

0 5e3Y

6X4 cvaa?
EZ90 150B3
QS130-15

AC MAINS
250V

Fig. 10.56. A simple power supply, suitable for use
with valve converiers.

converter. A suitable circuit is shown in Fig.10.56 and
the photograph illustrates the general layout when the
unit is built into a No.6850 standard Eddystone diecast
box which measures 3% x 4%'. If desired a suitable
relay can be incorporated so that the h.t. supply may
be interrupted while the station is transmitting.

COAXIAL RELAYS

in most v.h.f. and u.h.f. installations, coaxial
cable is employed for the transfer of r.f. power from
the transmitter to the aerial, and from the aerial to the
receiving system. For rapid changeover of the aerial
between the receive and transmit modes, a relay is
required which, ideally, has been specifically designed
to function with this type of cable. These are known
as coaxial relays.

Coaxial relays are constructed so that they
exhibit a characteristic impedance which matches that
of the coaxial cable with which they operate. When
the impedance of the relay and that of the cable are
identical, no mismatch point will be introduced into
the transmission line to degrade the standing wave
ratioc and produce reflections in the feed system. In

(a)
T0 RECEIVER
SOCKET 4

h
3 i

-]

!

o

SOCKET 2
TO TRANSMITTER

Fig10.57. A general cross-section
assembled relay.

view of the

practice, absolute perfection in matching is rarely, if
ever, attained, due in the main to the fact that the
impedance quoted for coaxial cable is normally a
nominal figure and subject to some variation.

The relay to be described may be constructed for
coaxial line impedance of B2 ohms, 80 ohms or 75
ohms, the impedance being determined by the
dimensions of the cavity coniaining the switching arm,

10.28



VHF-UHF MANUAL

and the size of the switching arm itself. Full
dimensions are given, and while these are expressed in
millimetres, they may be converted into inches by use
of the following formula:

x
Inches =557
where x is the dimension given in millimetres.

One particular feature of the relays is their good
crosstalk damping level, and this is of special interest
in receiving systems employing high conductance
triodes which can be quite easily damaged by excessive
r.f. leakage during transmission periods. Specific
information on the crosstalk level is given later.

The form of the relay is such that it can be
mechanically linked to other contact sets and so be
built up into a complete master control unit. When
giving thought to such an arrangement, however, the
possible need to arrange sequential switching should
be remembered, and as will be seen, this is related to
the r.f. power that the coaxial relay is expected to
carry.

Mechanical Description.

Fig.10.57 shows the cross section through the
relay.

Three coaxial sockets (3} (4) are fitted to a
rectangular brass block which has been drilled out
both horizontally and wvertically to produce a
cross-shaped cavity. Socket 3 {4) which is fitted to the
righthand end, carries a spring switching strip fitted
with double contacts, these being positioned precisely
in line with the stubs on sockets 1 and 2 {3). The stubs
of sockets 1 and 2 (3) are fitted with contacts and
these will mate with those on the spring arm.

The spring strip attached to socket 3 {4} is
formed so that it is normally in contact with the stub of

CHAPTER 10

socket 1. Pressure on the actuating rod (6} will move
the spring strip from its rest position in contact with
socket 1, over to the contact on socket 2. The
actuating rod {6} is powered by the solenoid {5) and
its associated plunger. The extent of the movement of
the piungerfactuating rod is shown as (h) on the
drawing.

A second actuating rod (11} may be fitted
opposite the primary actuating rod (B6). This allows
switching of other contact strips (10} which may be
built on to the coaxial relay unit and employed for
control switching purposes.

After the position of the spring switching strip,
and the contact separation {(a) have been adjusted, the
front of the brass block {1) is closed by fitting the
cover (2) and the leads from the solenoid terminated
on the connecting block (7).

Design Impedance

Coaxial cable wusually employed bhas an
impedance of either 52 ohms, 60 ohms or 75 ohms.
For the reasons already covered, the characteristic
impedance of the relay, sockets and cable should all be
the same, and this means that the relay must be
designed to operate with the particular cable
concerned in respect of its quoted impedance. The
section of an asymmetrical h.f. conductor
corresponding to the retay is shown in Fig.10.58.

The flat spring strip of width {f} and thickness (s)
lies centrally in the circular conductor, this being
formed by the horizontal bore through the block {1).
The characteristic impedance Z with air dielectric
(K=1) can be calculated from the formula given in
Fig.10.58 or derived from the graphs. The dimensions
required to produce specific impedances are given in
the table associated with Fig.10.59.

&
EH e :
75 I!"_D""l_ !’ ’l
11 /
Zo | ez |
T RNy
70 Vo arrrerrd. -...\
12l Y i/
lo=s0n246 8 (2) | [ 4
FRVi
///,/ Zo= 60.n2 % (@)
60
A/

55 ~
Fig. 1058 The charac- / /
teristic impedance of a £
conductor having circular 55 / /
or rectangular cross-section 0 5.0 08 07 0 55 o 3 5F o
assuming an air dielectric. fn
(K=1). D »
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z(n)=604n2 2
where $=<=D

z f

(a) | (mm) | (mm)
52 6.7

60 | s9

75 | 4.8

Fig 1059 Conductor dimensions

impedances.
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for different

Coaxial Sockets

The sockets shown in the description are the
types UGBB8A/U and UGS68/U.

The normal h.f. coaxial sockets with a square
mounting flange have, on their mounting side, one or
more cylindrical steps. This means that the relay body
{1) has to be counter-bored accordingly. As the
dimensions of these steps differ according to the
manufacturer, the dimensions of the counter-bore will
have to be adjusted according to the exact type of
socket employed. It is particularly important that the
end of the outer conductor of the socket makes good
efectrical contact with the base of the counter-bored
hole,

p< 3-2 dia &
e P e
Sr-ot—1h
@L - \{}J J‘&@T-_ 8
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I,
.
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Fig 10.60. The relay body component parts.
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The N series is rated for use on frequencias up to
10,000 MHz, but in practice is not generally used
above 3000 MHz. The insulation may sither be Teflon
or polystyrene according to the manufacturer. They
are waterproof and can handle up to 1500 volts, and
may be obtained for 70 ofims impedance. The C series
has the same characteristics and is available in 50 ohms
or 70 ohms impedance.

Cannectors are available for matching and
interconnecting one series with another.

The construction when N ar C type sockets are
employed can be simplified by ignoring the stepped
shoulders on these sockets. The diameter of the cavity
bore is made constant from one end of the block to
the other. That is, the diameter {b} on the lefthand
side of the section A—B is increased to the same as that
of {c} on the righthand side {Fig.10.60}.

Making this bore a constant 9.5mm throughout
its length will clear the shoulders of the sockets, ! this
course is adopted, the impedance of the relay is
adjusted by correct selection of the size of the
switching arm. This will be found in the table
associated with Fig.10.60.

FL
el |
e

Fig 10.61. The plunger retaining loop.

ITEM 9 LOOP
14 swg COPPER WIRE
BEKT TO SHAPE AS SHOWN

Ideaily, the main cavity containing the switching
arm should be drilled about 0.2mm undersize, and
then finished with a reamer. The final surface must be
smooth and free from burrs, particularly at the
intersections with cross drilled holes.

The hole {e) which accommodates the actuating
rod should not exceed 3.2mm in diameter, and if it is
required that the coaxial relay shatl operate other
contact sets driven by the same energizing system,
then this hoie should be drilled right through the
block.

30—
-t 4’.\ 3
& | &

4

RN

4 HOLES J-Imm DIA

Fra
R

PLASTIC (TROLITUL SPRING
COUNTERSUNK FOR M3 OR SIMILAR) CONTAETS
Imm BRASS SHEET ROD

ITEM 2 ITEM & ITEM 4b or 4d

(a) (b) (<}

Fig10.62. The relay body and plate, the plastic
actuating rod, and the method of assembling fthe
spring conlacls.
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The main cavity bore housing the switching arm
should be silver plated.

The solenoid is secured to the body of the relay
by two countersunk brass screws which pass right
through the body of the relay block, and this is
illustrated in section X-Y in Fig.10.60 the screws being
designated M3.

The solencid specified has only a very smal! hole
in its base, and this has to be increased to 3.2mm in
order to accommodate the 3mm actuating rod. if itis
made larger than 3.2mm, the performance of the
solenoid will be affected.

Prior to plating the main cavity, the solenoid
should be secured to the mgain block, and the
alignment of the drilling of the base of the sofenoid to
that of the hole in the block which accommodates the
actuating arm, checked. Any adjustments that are
found to be required should be made before the cavity
is plated.

3-2mm dia

P
ol

P

115

i
COUNTERSUNK FOR M3
ITEM 8 ANGLE

NOT REQUIRED IF ORILLED
AS SECTION X-Y ONITEM 4

k—so—v ks

SECTION A-B

Fizg. 10.63. The Usupport for the solenoid. This item is
not required if the solenoid is mounted direct on the
relay body,

After assembling the relay and checking the
contacts, the wire loop (8 of Fig.10.61) is soldered to
the magnet frame as shown in Fig.10.57(b) to prevent
the plunger falling out of its housing.

The rod (B8] shown in Fig.1057 and in
Fig.10.62{b) should be 25.5mm long, but if the
solenoid is mounted on an angle piece {8) in Fig.10.63
and Fig.10.57 instead of being secured directiy tc the
main body of the block, it will have to be increased to
27.56mm. The rod is made from 3mm diameter
polystyrene stock as is that for coupling in other
contact sets if they are fitted.

Assemnbly

Fig.10.64 provides details of the manner in
which the contact is fitted 1o the spring arm, while
Fig.10.62 (c} illustrates how the contacts are prepared
prior to being fitted.

The shaft of one of the contact rivets is removed,
and the back filed flat. This rivet is then drilled
centrally with a hole equal to the diameter of the shaft
of the other rivet. A sandwich is made consisting of
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Fig.10.64. The swirch spring dimensions.

the stemmed rivet passing through the spring arm—
previously drilled to take the stem as shown in
Fig.10.62 (c) and the drilled rivet head slipped over
the stem. The shaft which protrudes through the
drilled contact head is marked at about 0.3mm proud
of the dome of the head and carefully cut at this
point. The shaft is now dressed back with a light
hammer until a hemiepherical head is produced with
the spring strip firmly clamped. Provided that the
rivetting has been correctly done, soldering witl not be
necessary. Finzlly, a small radius is filed on each
corner of the spring strip adjacent to the contacts.

y

SOLDER

VERSION
*____.-— !A}

SOLDER

Fig.10.65. Sockets used at 3 and 4 Fig.10.57 showing
contacts gttached.

Before soldering either the spring arm or the
contacts to the sockets, a plug should be mated with
the socket concerned. Under the heat of soldering, the
insulation may well soften and cause displacement of

the centre conductor, and the plug will assist in
retaining this conductor in its correct position.

Fig.10.65 shows how the contacts are fitted 1o
the sockets identified as (3} in Fig.10.57. The smooth
contact rivet {3b) is inserted in the end of the socket’s
inner conductor, clamped, and then lightly soldered all
round, taking care that no solder reaches the contact
surface.

Prier to fitting the contact spring switch arm, the
end opposite to that carrying the contact set should be
provided with a smal slot - using a coping saw — of
sufficient size to accept the centre spigot. A small jig,
made from wire, should be devised to hold the coaxial
socket and the spring arm in their correctly related
positions while the soldering is undertaken. Without
such an arrangement it wil be very difficult to
position the spring centrally to the spigot on the
socket.

After the spring arm has been fitted to the
socket, but before the socket is fitted to the body of
the relay, a small set should be made in the spring arm
so that it deviates by about 4mm, see Fig.10.65. This
will produce a contact pressure of about 50 grammes,
which is correct.

Once the relay has been assembled, it is checked
for contact pressure and contact register. The
“unenergized’’ position should present no difficulty
since this is determined by the angle of the set placed
in the arm, However, with the solenoid energized, the
switching strip should not be bowed too far by the
actuating rod {6). Adjusting the length of this rod will
vary the contact pressure, and consequently the
amount of “bow"” in the switching strip. Finally, the
cover (2) should be screwed into position.

Performance

With the relay terminated in a 60 ohms
impedance, the following figures were obtained, the
relay itself, of course, having been designed for 60
ohms operation.

Reflected Crosstalk
Frequency POowwer level
145 MHz 0.1 per cent —400B
435 MHz 0.7 per cent —32dB
600 MHz 1.0 per cent —30dB
1000 MHz 4.0 per cent —23dB

On 145 MHz and 432 MHz the relay proved itself
capable of handling more than 200 watis of r.f. power.
Its performance in this respect on higher frequences
has not so far been checked.

When switching ‘appreciable r.f. power it is not
recommended that this shouid be done by the reiay
directly. Rather, sequential switching should he
employed, the power being appiied after the switching
action has taken place. Failure to observe this
requirement could lead to flash-over and arcing with
serious damage to the contact surfaces.
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