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CHAPTER 1.
Radio Waves,

1. (i) Radio waves are electromagnetic waves identical, except for
wavelength or frequency, with heat and light waves., They travel in
space with the same average speed of 300,000,000 metres per second and
this figure gives the relationship between frequency and wavelength, i.e.
frequency multiplied by wavelength equals velocity. Thus, a wave 300
metres long has a frequency of 1 megacycle per second,

(ii) As with light, radio waves can be reflected, refracted and
diffracted. Reflection will take place whenever they meet & sudden
change in medium, provided the area of the change in medium is about a
wavelength square. Thus, short waves may be reflected by a mountain
but long waves will bend over it. This bending round obstructions is
called diffraction. Refraction occurs whenever waves obliguely enter a
medium differing in refractive index. This is caused by that part of the
wave first entering the new medium travelling faster or slower than that
part still outside, thus changing the direction of the wave front., The
actual composition of the medium in which electromagnetic waves travel is
not lmown, but is referred to as the ether and is assumed to fill all space.

(iii) Electromagnetic waves are normally polarised, and the plane
of polarisation is given by the plane of the electrostatic field, This
field corresponds to the voltage of the wave; thus waves radiated from
a vertical aerial have their electrostatic field in a vertical plane and
are said to be vertically polarised. The electromagnetic field of which
the wave is also composed is at right angles to the electrostatic field
and corresponds to the current of the wave. The field strength of a wave
is the measure of its intensity, expressed usually as microvolts per metre,
and is the woltage developed between the ends of a piece of wire one metre
long, placed with its axis parallel to the direction of polarisation,

This voltage is produced partly by the electrostatic field, and partly by
the electromagnetic field which, in cutting the wire at r:.ght angles,
induces & voltage in it, 4s both. fields are 'in phase, i.e, both the
positive electrostatic and the positive electromagnetic fields arr:.ve at
the same instant, the voltages induced will add.

(iv) Waves are divided into the following groups:-

1.. Very low frequencies 10 - 30 k.¢/s (30,000 - 10,000 m.,)
(very long waves)

2. Low frequencies 30 -3¢ " (10,000 - " 1,000 m,)
(long waves) .

3. Medium frequencies 300 - 3000 " (1,000 = 100 m, )
(medium waves)

4. High frequencies
(short waves) 3 =30 mee/s ( 100 = 10 m, )

5 Very high frequencies
(very short waves) 30 - 300 " ( 10 - 1m)

Propagation,

2, (i) Fig. 1 shows a general picture of waves of various frequencies
leaving an aerial and the various paths over which they travel, It will
be seen that the highest point reached by the waves is either the "E" or
"F" layer. These layers are bands in the rarefied air sbove the earth,
ionized and thus made partially conductive by ultra violet radiation from
the sun. The highest frequency which a layer can reflect depends directly
upon the density of ionization, and relative values for "E" and "F" layers
are shown plotted against height above earth in Fig. 2. The "F" layer
splits during the day time into two parts F4 and F, which recombine
slowly in the evening, As the layer ionization density depends upon
radiation from the sun, it naturally falls during the night and is lowest
shortly before sunrise; this means that the highest usable frequency

varies with the time of day and this variation is discussed more fully
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in paragraph 18,

(ii) Very long and long waves are vertically polarised, and being
unable to penetrate the "E" layer, travel bounded by the "E" layer and
earth as in a transmission line, the attenuation of which is low and
inversly proportional to the square root of the wavelength,

(iii) Medium waves are usually vertically polarised, and have only
a limited range, as they are rapidly attenuated by earth losses and are
reflected but poorly from the "E" layer.

(iv) Short waves are vertically or horizontally polarised and have
world wide range., The ground wave is rapidly lost but communication is
maintained by a series of hops between the "E"™ or "F" layer and the earth.
As long distance point to point communications are now carried out mainly
by short waves, their behaviour and propagation will be discussed more
fully. in succeeding chapters.

(v) Very short waves are in general of use only over optical or
slightly greater ranges, as their attenuation along the ground is rapid
and the frequency is so high that they are only occasionally reflected by
the "F" layer.

(vi) Pig. 3 shows the effective communication range of various
wavelengths,

Short Wave or H,F. communication.

3 (i) As the wavelength is now small, it is possible to design aerials

to form rays or beams of energy, These may travel direct from transmitter
to receiver, if the distance is short, or may be reflected back and forth
between “E" or "F" layer and earth several times, if the distance is very
great, The attemuation of the ground wave is rapid, so that it can only

be used up to a hundred miles or so for frequencies of three m.c/s (100
metres); and may only be of use up to 40 or 50 miles at 20 m.c/s (15 metres),

(ii) Rays leaving the aerial, above about five degrees to the hori-
zontal, travel straight until they reach the "E" layer where they are doubly
refracted, and at the same time somewhat attenuated before passing on to
the "F" layer, where the ionic density is great enough to bend them back
towards the earth. This bending back which in effect is reflection is
actually a continuous refraction, i,e. the gradual instead of sudden change
in the refractive index of the layer causes the wave to follow a curved
path. (For full details see A.P.. 1093 chapter xiv, para. 27) If the
frequency of a wave is above a certain critical value depending on the layer
density, then the wave will penetrate the layer and emerge travelling in
the same direction, but displaced ‘sideways as shown in Fig. 1(c). Attemi-
ation occurs during this bending and further refraction and attenuation
occur at the "E" layer before the earth is reached. During this process
irregular variations in layer density may change the wave direction in a
random way, so that a ray does not necessarily return at the same angle as
it left, although it will usually do so.,

(1ii) Unlike lLong waves the attenuation of the H.F, sky wave is
approximately proportional to the square of the wave length, thus the
shorter the better, There is a limit to this however, for above 30 m.c/s
(10 metres) the "F" layer density is seldom sufficient to bend the waves
back to earth, Also, as the layer density varies with the time of day the
highest usable frequency varies with it, as is indicated by the curves in
Fig., 12 which gives the highest ussble frequencies for ranges up to 1,200
miles for various places and times of day and year,

Changes in Polarisation

4e (i) The plane of polarisation of & wave is altered during refraction,
so that a down-coming ray may be polarised in any direction, and the plane
of polarisation may rotate. In which case the wave is said to be circularly

...“_...
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polarised, If the field is stronger in one plane than another while
rotating, the wave is said to be elliptically polarised, This means

that an aerial responsive mainly in one plane; e.g. a horizontal dipole;
receiving such waves would experience severe fading. A change of. polari-
sation and simultaneous attenuation also occurs during reflection from the
earth, and, as might be expected, the actual vslues depend on the angle

of incidence, the polarisation of the arriving wave, and the ground con-
ductivity and permitivity.

(ii) The curves of Figs. 5, 6, & 7 show that horizontally polarised
waves suffer the least attemuation and phase change on reflection; and
indicate the big difference between reflection losses from sea or hard
ground, This shows clearly the importance of choosing a transmitting or
receiving site where the ground is moist, and of high conductivity. For
en M.F, or H,F, D,F, site this consideration is of vital importance, as
D.F. aerials rely solely on the vertical component of the wave for operation,

Fading,

5 (i) Pading is most commonly caused by the interaction between waves
arriving by different routes which alter slowly in length, thus changing the
relative phase of the waves at the receiving aerial. Interaction between
ground and sky waves, if the receiver is close enough to the transmitter
for the ground wave to be present, and provided the frequency is low enough
for the sky wave to be returned, will cause fading; as the path length and
thus the relative phase of the reflected ray will change with varying layer
height, - Where the frequency is higher this high angle radiation will not
be returned, and a gap, in which no signel is heard, will exist between the
end of the ground wave and the sharpest down-coming wave, This gap is
called the skip distance. The solid line of Fig, 4 shows this condition,
while the dotted curve shows the effect for a lower frequency. 1In the
part of the solid line marked "A", fading may be experienced, if signals
are being received by two or more routes, as shown in Fig. 1.

(i1) As the emount of bending of a ray depends on its frequency, it
is evident that a modulated signal, which consists of a group of frequencies,
may suffer more bending of the lower frequencies. Thus the relative
amplitudes at the receiver will be altered and the result sppear as audio
frequency distortion; this is known as selective fading., For the same
reason there is less chance of receiving a single frequency continuously
than some of a modulated signal. 1In some continuous wave transmitters
designed to make use of this effect, the frequency is varied a few hundred
cycles per second by the same amount, thus transmitting a small group of
frequencies and overcoming the effects of fading.

Great Circle Bearings.

6. (i) It has been seen that communication is carried on by means of
rays, consequently it is necessary for best results to direct these in
both vertical and horizontal planes. The meens to this end lie in the
serial and its orientation.

(ii) Waves normally travel along great circle routes, that is, they
travel between two pleces along the circumference of a circle, which passes
through the places, and has its centre at the centre of the earth. All
lines of longitude are great circles, but of latitudes the Equator is the
only great circle. Since a great circle passes all round the world there
are two routes by which waves can reach a given station, and except in the
one case, where the distant station is diametrically opposite, and there are
an infinite number of paths, one route will be shorter than the other. It
is over this shorter route that radio waves are normally sent or received.
The exact calculation of distances and bearings is a matter of considerable
difficulty, as the earth is not a perfect sphere, but for radio and D/F
purposes it may be assumed to be spherical, and this makes the problem
.mach simpler.
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Suitable Map Projectiona for Direct Measurement.

7. (i) For all normal work, when the higher degree of accuracy
afforded by calculation is not essential, great circle bearings and
distances are usually measured direct on a suitable msp. Since a map
proJection is a mathematical representation of the surface of a sphere,
and since it is impossible accurately to represent the surface of a
sphere as a plane surface, no map projJection is accurate in all respects.
The four factors which are involved sre:-

a Shape

b Area

c Scale of distance

d) Direction (bearings)

Maps can be designed to be perfectly accurate in one or other of these

four factors, but never simultaneously in all four. Thus, for the measure-
ment of great circle bearings e map projection which gives great circle
bearings correctly, irrespective of its inaccuracy in the other factors,
will be required. For D/F purposes, the normal projection used is the
"Gnomonic"; on which any straight line is a great circle whose true bearing
can be measured directly from the meridien passing through the station
where the bearing is required. If distances are required as well, a
Ghomonic projection is not suitable, since its scale 'is not consta.nt and
varies all over the sheet, It is usual, for ali normal purposes, to use
one of the various projections which have been designed to give the best
average results in respect of all four faotors, but which are not absolutely
acourate in any of them., The most common of these is the International
Polyconic, which now covers most of the world, This projection has an
almost constant scale, and thus distances can be measured fairly accurately,
and straight lines depart from great circles by less than 1° in 1,000 miles
or so. For shorter distances, the great circle bearings and distances
measured on this type of projection, can be considered well within the
accuracy obtainable by the radio epparatus itself, and is thus recommended
for use when direct measurement is resorted to as opposed to calculation.
Caloculation is usually desirable for distances greater than 1,000 miles.

(ii) Another type of projection which is commonly used, especially
by naevigators and almost universally by the Navy, is Mercator's. Its
chief feature, and the reason for its widespread epplication to navigation,
is that a straight line drawn on Mercator's projection is a “rhumb line";
that is, a line which cuts all meridians at the same angle, as opposed to
a great circle whose angle of intersection with successive meridians, with
the exception of the Equator, increases or decreases depending upon its
direotion, To achieve this property, the projection will require an
arrangement of meridians which are parallel straight lines and thus do not
converge towards the poles as in the case of other projeotions., The
parallels of latitude on Mercator®s projection are also parallel straight
lines at right angles to the meridians but not equally spaced as are the
meridians, The distance between each parallel of, say, 10° intervals
increases towards either pole. Thus, Mercator's projection is an easy
one to recognise by a glance at its gratioule (lines of latitude and
longitude) and Figure 8 is a diagram of the world on Mercator's graticule.

(ii1) In Figure 8 the straight line A - B is a rhumb line between
the points A and B, and the curved line, which is convex towards the
nearest pole, is the corresponding great circle, If thes angle between
the straight rhumb line and the great circle can be calculated, then use
can be made of this projection for measuring great circle bearings. For-
tunately, this is a simple matter since this angle, which is known as the
"conversion angle" is given by the following formila:-~

Conversion Angle (C.A.) = % d long X sine mid lat,

where "d long"™ is the differencé in longitude between A and B, and, '
"mid lat." is the latitude of a point midway between A and B.

Thus, the procedure for obtaining a great circle bearing from Mercator's
proJection is as followss-

_8_



(1) Join the two places with a straight line, and with a
protractor measure its bearing from North at the home
station, i.e, in Pig. 8 bearing at B is 256° and at A 76°

(2) Note the longitude of each place and thus compute the
difference in longitude (4 long)

(3) Note the latitude of the mid-point (mid.lat.)
(4) Using the formular above calculate the conversion angle (C.A.)

(5) Remembering that the great circle is always convex towards
the nearer pole, add or subtract the conversion angle from
the measured bearing. This gives the great circle bearing
required.

(iv) The measurement of distance on Mercator's chart is achieved by
using the scale of latitude down the Bastern or Western edge of the sheet.
It is essential that the portion of scale in the same latitude region as
the line in question be used, since it will be noticed that the latitude
scale is not a constant one but increases towards the poles. 1° of
latitude represents 69.07 statute miles or 60 nauticel miles, The scale
of longitude must never be used for measuring distance as this does not
represent miles,

(v) Details of maps suitable for radio purposes, such as the fore-
going, can be obtained from A.D.Maps, Air Ministry, who is the authority
for the provision of all maps in the Royal Air Foroe.

Caloulation of Great Circle Bearings.

8. (1) To calculate great circle bearings it is necessary to use
formulae based on spherical trigonometry. The simplest of these giving
the bearing only and known as the Four Parts fymula is:-

Cote A = Sinbcota ~cotNcosd
Sin N

where, as illustrated in Pig., 9 angle A is ths great circle bearing of B
from A, i.e. the required angle; a is the angular distance of station B
from the North Pole; b is the angular distance of Station A from the
North Pole, and N the polar angle, is the differsence in longitude between
A and B.

(i1) Note on a and b, Since a or b is the angular distance of
stations B or A respectively from the North Fole the rule is:-~

If B or A is in the Northern Hemisphere, then
aorb= 90 - Lat. B or A.

But if in the Southern Hemisphere, then
aorb=90° 4+ Late B or As

(1i1) Note on the Folar Angle N. As this engle is the difference
in longitude (d long) between A and B, it follows that if the two longitudes
are in the same hemisphere it is necessary to subtract one from the other,
but if in opposite hemispheres to add them together. Since there are two
routes the result of this addition may be greater than 180°, i.e. the route
is longer than half way round the world, and if so the sum of the longitudes
mast be subtracted -from 360° to give the angle for the shorter route.

Exemple.

9. (i) Suppose the great circle bearing is required of Melbourne(B)
from Aden (A;
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(A) Aden La‘ﬁ. 120 46' N, Long- 10'50 2 E,
(B) Melbourne Lat, 37° 50! S, Long. 1450 E.

Then the Polar ingle N (d long) = 1459 - 45° 2' = 99° 58!

a = 90° 4+ 370 50° = 127° 50'
b = 900 -12° 46" = T7° 14

But if an angle "X* is greater than 90° but leas than 180°
then Sin X = + Sin (180 - X)©
Cos X = = Cos (180 - X)©
Tan X = - Tan (180 - X)©
Cot X = « Cot (180 - X)©

and from the formuls,

Cot A = Sjn 14° oot (180° ~ 42 '
Sin (1809 - 999 58!
- Cot (180° - 99° 58%) cos 77° 14°
= Sin 77° 14' X - Cot 52° 10!
Sin 80Y 2¢
- ( -Cot 80° 2' X Cos 77° 14' )

= - 0.7303.

Angle A = 53° 51' from tables, but the minus sigh indicates that the
actual angle, and thersfore the great circle bearing required, is:-

180° - 53° 51' = 126° 09*
(ii) If the bearing of A from B is required then the triangle

NAB may be relsitered to suit, i.e. replacing A by B etc., or alter~
natively the formila can be altered:-

Cot B= SipaCotb = Cot N Cos a
Sin N

This will give angle B, but since bearings are measured -from North the
actual bearing will be 360° - angle B,

Caloulation of Distance.

10. (i) In order to find the distance betwesn 4 and B it is necessary
to evaluate angle n, and this is given by the following formla;-~

Cotn = QZEQ Cot N + Cos ACot Db

8in b

Having obtained this anglo it is converted into statute miles by multi-
plying by 69,07, or by 60 to give nautiocal miles, i.e.s~

1 =  69.07 statute miles or 60 nautioal miles.
1 =z 1.151 statute miles or 1 nautical mile,

(i1) Example, To find the distance betwesen iAden and Melbourne frem
the above formulas.

Cot n = Sin 126° 09' Got 99° 58' + Cos 1260 09' Cot 770 14
Sin 770 1%
= - 0,2792
n = 180° - 7% 24' = 105° 36

Therefore distance = 105° 36' X 69,07 = 7293 miles.
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Determination of Great Circle Distance using Haversines,

11, (i) In the formula used sbove for finding the distance, it is
necessary to know the great circle bearing and use this to obtain the
distance. Where the bearing is not required, the working can be sim-~
plified by employing a formule based upon the use of an arbitrary ratio
known as a "Haversine", which is 1 - Cosine . The values of this ratio
are given in all nautical tables 2 as well as those of sine, cosine,
and tangent.

(ii) The Natural Haversine formula is the name given to the expression
for distance which is:~-

Haversine n = Sin a Sin b Hav N + Hav 4 lat
where a, b, n, and N have the same significance as before, and 4 lat is
the angular difference in latitude between A and B. For greater con-
venience of operation this formule may be re-writtens-,

Haversine (G.C.D.) n = Cos lat A Cos lat B Hav d long (N)
+ Hav 4 lat,

(iii) Exemple. To find the great circle distance between Portsmouth
and Buenos Aires.

Portsmouth Lat. 50° 4,8' N. Long, O01° 06' W. iA
Buenos Aires Lat. 34° 37' S. Long. 58° 48' W. (B

Then from the above formla =
Hev n = Cos 50° 48' Cos 34° 37' Hav 57° 42' + Hav 85° 25!

Using Log Functions,

Log Cos 50° 48t = T o, 8007
Log Cos 34° 37 = T . 91538
Log Hav 57° 42! = T, 36703
Log function @ = 1., 08315
Anti Log function ﬂ = 0, 12110
Natural Hav 85° 25! = 0 . 46005
o*e Natural Hav (¢.C.D.) n = O . 58115
and from tebles n = 99° 20,5¢

Thus the great circle distance is
99° 20,5' x 69,07 = 6861 statute miles.

(iv) eat circle bearings can also be obtained by using Haversine
formulae, but with these formulee it is first necessary to find the angular
value of n the distance between the stations, so that they have no advantage
over the Four Parts Formula in Pera, 8 (i)

(v) For the solution of these problems any good book of five or six

figure nautical tables which contains the necessary trigonometrical ratios
may be used, Norie's or Inman's are recommended.

- .’s._



Grephical Solutivn ot yireat Circle Bearings,

12, (i) Where trigonometricel tables are not available for obtaining

a calculated solution the following graphical method will give the bearing
required, This method is based upon the ordinary rules of geometrical
projection and the previous notation is used, i.e.

A is the location of the station requiring the bearing

B is the location of the distant station,.

N is the North Pole.

(ii) The object is to obtain a projection which wil: show the true
angle between a great circle passing through 4 and N and « s;reat circle
passing through A and B, This condition is met when 4 is L.onught to the
centre of a circle with B end-N in their correct relefivu positions, In

this projection ~ see¢ Kig. 10A - the two great . .. : pyear as diameters
and the great circle beariug of B frow 4 is th . - ~tween them,
Polar Angle.

13, (i) It is first necessary to find the pol.. ..gie N (4 long) between
A and B, as detailed in para. 8 (iii), i.e.:- '

(1) When A and B are both East or West longitudes the polar angle
is the difference in their longitudes,

2) When either A or B is an East longitude and the other a West
g
longitude then;-

(a) The polar angle is the sum of the longitudes if it is
less than 180°

or (b) 360° mimus the sum of the longitudes if greater than 180°

Procedure and Locsetion of Fixed Points.

14. (i) When constructing the diagrams and locating rixed points the
notes and procedure given bslow must be closely followed, and should be
read through in conjunction with Fig, 10 (b-d) before starting to draw,
Each step must be completely understood before proceeding to the next, and
the larger the diagrams are drawn the greater will be the degree of accu-
racy obtainable, In all projections take care to maintain A, B and N in
their correct relative positions,.

(1) Draw a plan circle with an Elevation circle iummediately below a1t
and locate A and B in plan and elevation as in the appropriate

figure.

(2) A is on the horizontal centre line of the plan circle either to
the right or left of N and is;-

(a) to the Longitude of A is East of the longitude of
right of N ) B (13(1) )
when A is on an East Longitude (13 (2a
A is on a West Longitude §15 22b; ;
(b) to the Longitude of A is West of the Longitude B
left of N (13 (1) )
when A is on a West Longitude (13 (2a) )

A is on an East Longitude (13 (2b) )

.
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EXAMPLE .l IT IS REQUIRED TO DETERMINE THE GREAT
CIRCLE BEARING OF BERMUDA (B) FROM WELLINGTON (A)

A__{LAT.M 65'S

LONG.174° 48'E A IN PLAN
A ‘ GREAT CIRCLE . 3
BEARING IN g {LAT.32° 19'N v
DEGREES OF LONG.84°51'W 120°2¢'
A STATION'B POL AR
N = NORTH POLE AN(‘LH\ IE
-
it
FIG.I0A. 3 $rn
32;l§'N
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IN ELEVATION = LENGTH N.A ‘1{'516;93
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N
I OBTAIN POSN'B’ iN ELEVATION BY B F
PROJECTING DOWNWARDS FROM'B'IN PLAN EL'E‘V‘D‘T’;‘E’;T"-SS‘;'FNG
IV USE LENGTH'Y'IN PLAN TO OBTAIN : ARROW'E'
POSN.B'IN PROJECTION CIRCLE. LENGTH'Y"
INPLAN

PROJECTION LOOKING
IN DIRECTION OF

FIG.10B

EXAMPLE.2. IT 1S REQUIRED TO CETERMINE THE GREAT

CIRCLE BEARING OF OTTAWA (B)FROM SHAIBAH (A)
PLAN A LENGTH'Y'

r ’ IN PLAN
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X kW
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I
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¢
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(3) A is on the horizontal centre line to the right or left
of N as above, and the length A - N = W is determined in
(5) below.

(4) A in elevation is on the elevation circle at the angle of
latitude (see figures)

(5) W = the length of the horizontal line from A in elevation
to the vertical centre line. .

(6) Draw the polar angle in plan so that B always comes in the
lower semi-circle (see figures) and locate B on the line
forming the polar angle. The length B = N = X (see 7 below)

(7) X = the length of the horizontal line from the point of inter-
section in elevation of the angle of latitude B on the circle,
to the vertical centre line,

(8) B in elevation is along this horizontal line and is located by
. projecting downwerds from B in plan.

Location of Fixed Points in Projection.

15, (i ' '
i 21; A is any convenient point along the projection of the line
.forming the angle of Latitude 4 and the projection circle
is drawn centred on A.

(2) N is on a line passing through A at right angles to the pro-
Jection line above and is a great circle through A and N. It
is not necessary to know the position of N on this line but it
can be found by projection of N in elevation,.

(3) To locate B project a line from B in elevation across the pro-
Jection circle and the position of B on this line is determined
by the length of Y in plan view (see figures)

(&) The length Y is the length of the vertical line from B to the
horizontal céntre line,

(5) Provided the system of projection as explained and illustrated
is followed, B in projection will always be on the side of the
projection circle nearer to the elevation circle, and the line
through B from A will be a great circle. The angle between this
line and the line through N from A is the great circle bearing

required,
Distance Between A and B.

16. (i) The method for finding distance between A and B is illustrated
in Figure 10d and the procedure is as follows:-

(1) 1In the elevation view draw a line through B at right angles
. to the line forming the angle of latitude A.

(2) Prom the centre of the elevation circle draw a line through one
of the points of intersection on the circle, of the line drawn
as in (1)

(3) Measure in degrees the angle formed by the line drewn in (2)
and the line of the angle of latitude A,

(4) The distance in statute miles between A and B = the number of
degrees measured in (3) multiplied by 69.07

- (‘o"



Vertical Plane l'ropagation anrles

17 (i) Invrara. 6 it was mentioned that for best results it is
necessary to direct the radiation from aerials in both horizontal and
vertical planes, and reference to Fig. 1(c) shows clearly the great
chanpes in Jdistance per hop and thus comaunication range with varying
anmles of propapgation.

(ii) The actual distance per hop for a piven angle, will depend
on the virtual height of the reflecting layer, which in turn depends upon
the time of day or night. average values for day and night heiphts res-
pectively are:=

E layer 90 and 100 sm.
¥ layer 250 and 3% Km.

From this data the curves of Fig. 11 are drawn, and from them the distance
per hop for various propagation anples and layer heights can be determined,
e.p. daylight communication over a distance of 3,000 miles with an aerial
radiating at 109= 12° would be carried out in three hops of 1,000 miles
each, but at night with the same propagation angle two hops of 1,500 miles
each would suffice. This is unlikely to be a practical case, however, for
the ionization density of both E and F layers falls at nipght, with the
result that a lower frequency must be used to maintain reflection from the
layer, and consequently, commnication, This fall in frequency causes the
physical size of the aerial needed to radiate at low angles, to be very
large and thus costly; a simpler aerial is therefore normally used and its
propagation angie will probably be about twice the day anple. Thus, in the
above example, coumunication at night would be by three hops of 1,000

miles each as in the day time.

Hipghest Usable Frequencies and Choice of Working Frequency.

18. (i) The variation of highest usable frequency for a given distance
is directly dependent on the degree of ionization in the E and F layers.
This ionization level is controlled almost entirely by the ultra-violet
radiation from the sun, the strength of which depends on the following
factors: =

(a) Time of Day

b) Season of Year

¢; Location

dS Sunspot activity.

(ii) The first three factors' effects are now faily well knowm,
so that it is possible to draw the sets of curves of Pig. 12 (1 - 26)
predicting the highest frequency usable for conmunication under many
different circumstances. Too mach reliance must not be placed on the
curves, however, for as they are produced from average values, day to
day variation of sunspot activity may render them slightly inaccurate.
In general a frequency between 10 and 30;; lower than that given by the
curves will give the most satisfactory results, but the most suitable
frequency can only be found by experiment over the circuit being worked.

Sungpot activity.

19, (i) The fourth factor mentioned above varies in cycles of 27.3 days
and 11 years; the first is the period of rotation of the sun, and
variations caused by it are not usually very large and are normally
neplected, the second is a general and fairly large cyclic change in
radiation intensity., It is therefore necessary to apply the correction
factors of Table I to compensate for this change., The numbers shown

are percentage additions to the frequency indicated by Fig, 12,

-1 -
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TaBLE I. DPuRCENTAGE ADDITIONSG TO FREQUENCY PO ALLOW FOR SOLAR=-CYCLE

EFFLECTS.
XYear, Latitude (N or §)
100 20° 30° 40° 50° 60°
1942 2 A € 8 10 12
1903 1 2 3 & 5 6
190, 0 0 0 0 0 0
1945 0 0 0 0 0 )
1946 1 2 3 4 5 6
19,7 2 i 6 8 10 12
1943 3 6 9 12 15 18
1549 & 3 12 16 20 24
1970 5 10 15 20 25 30
1654 N & 12 16 20 2
1952 3 6 9 12 15 18

(ii) When using the curves of Fig, 12 it will be seen that the
lowest line is marked d = 0, this means thut the frequency shown
ageinst the time being considered is the critical freguency, i.e. the
highest frequency which is returned to the earth after vertical pro-
Jection, Thus, for this frequency and all below it, there is no skip
area between the end of the ground wave and the beginning of the sky wave,
conditions being those of curve B, Fig., 4.
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CHAPTER 2.

Aerials,

1e (i) When a current flows along a straight conductor in free space,
there is associated with it a magnetic field, whose lines of force trevel
in concenttic circles, occupying the space in a coaxial cylinder of
theoretically infinite diameter. At the same time there is an electro-
static fieid between the wire ends due to the potentisl difference between
them; at the centre this field is parallel with the wire and also

extends to infinity. These lines of force are at right angles to the
magnetic field as shown in Fig. 13a. .

. (i1) If the current is alternating, both magnetic and electrostatic
fields change in sympathy, the energy involved in creating the fields
during growth of current and voltage being returned to the wire as the
fields die away on reversal. Thi. is true, however, only for low
frequencies, for as the frequency is raised, more and more of the energy
fails to return to the wire and is rediated into space as electromagnetic
waves, '

- (iii) This loss of energy represents a load on the wire and can be
regarded as a resistance when referred to the wire, this resistance is
called the radiation resistance of the wire. The measure of the wire's
ability to produce a magnetic field is its imductence, and an electrostatic
field, its capacity. The square root of the ratio of these values gives
the characteristic impedance of the wire. When the length of the wire
is such that it is & half wave length long electrically, it resonates on
its own as does a tuned circuit and is called a dipole.

‘ (iv) The resonance of a half wave wire may he more easily visualized
by supposing a small group of electrons dropped on to the near end of the
wire one per cycle at its natural frequency. This electronic group has
a negative potential. The moment they touch the wire the average
potential of the wire will be lowered, the far end appearing positive tc
them; thus a flow of electrons will immediately start towards that end,
and this flow constitutes a current, having its maximum intensity at the
centre, the instant the charges at each end reach equal values, i.e. at
the instant the potential is the same all along the wire. The wire thus
has no effective potential, the energy of the electrons being now stored
in kinetic form in the cwrrent flowing and the magnetic field associated
with ite Pige. 13b illustrates this condition. :

; (v) As electrons pile up at the far end, as they must do having
nowhere else to go, they will repel oncoming electrons more and more
strongly, the negative charge accumulating until the current is finally
stoppede At this instant the energy of the electrons is stored as a
" negative petential at the faxr-end of the wire, i.e. the charges are now
reversed and the cycle has passed through 180°s The current surge will
now begin again and at 270° will reach a maximum as before but in the
opposite direction. At 360°the current will have stopped again, and
conditions will be the same as at the start, except that some energy will
be lost through radiation, and some in heat because the wire is not a
perfect conductor. If the make-up charges are bigger than the losses
this standing wave or oscillation of current and voltage will increase
until all the energy supplied is used up. )

(vi) In general the object of an aerial designer is to produce
standing waves of this nature on the radiating elements of his aerial,
so that radiation takes place in a known manner where required. A
similar reaonance may be obtained with a quarter wavelength of wire if
one end is connected to a theoretically infinite conducting sheet placed
perpendicular to the wires The reflection from the sheet then produces

- 95-
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an image of the guarter wave wire, as say a pencil standing on a mirror
appears to be carried on into the mirror, and the system resonates as
freely as a half wave wire, but with halved radiation resistance.

Pige. 14 shows this effect, which holds for all aerials though the mirror
action of the earth is dulled by its fairly high resistance.

Aerial Characteristicse

2. (i) The simplest aerial, usually used for reception on low and
medium frequencies, consists of a piece of wire of indefinite length,
more or less vertically arranged and with the lower end connected to
the aerial terminal of the receiver., Because its length is usually
very small compared with the wave length, it is relatively inefficient
and has a capacitative or negative reactance. The efficiency can be
improved by tuning the aerial so that the system as a whole resonates,
and this is done by connecting a coil b *ween the lower end of the
aerial and the earth. The inductance of the coil must be adjusted so
that at the wanted frequency its positive reactance is equal to the
negative reactance of the aerial capacity. These two reactances thus
cancel out and the current in the aerial increases to the limit imposed
by the resistance and the incoming powere The actual increase depends
upon the magnification or "Q" of the circuit which is the ratio of the
reactance/resistance,

(i1) As the inductive and capacitative reactance of this aerial
are now fixed they are only equal at one frequency, 8o that enhanced
operation at this frequency is obtained at the expense of frequency
response or band width. Thus the reception of different frequencies
by one aerial presents some complicated problems, and behind the aerial
teminal on a receiver is the designer's compromise between the many
conflicting factors.

(1ii) The aerial described above is from the earth point a quarter
wavelength long electrically (or an odd number of quarter wavelengths)
and is the type originally used by Marconi for transmission and reception.
The need for an earth connection distinguishes Marconi's aerial fundamen-
tally from the Hertz or dipole a.erlal » which requires no "earth", end is
balanced to it.

Directional Characteristicse

3. (i) As radiation leaving a wire depends on the electrostatic and
electromagnetic fields, radiation does not leave equally strongly in all
directions, so that every aerial has directional characteristics
associated with it. For these characteristics to be used they must

be known, and plotted as polar diagrams. Since space has three dimen-
sions, diagrams in both vertical and horizontal planes are necessary,
but as the radiation pattern is really a solid figure a model gives

the only true picture and the use of vertical and horizontal diagrams
needs some imagination,

(ii) The horizontal diagram of any single vertical aerial in
clear surroundings is a circle, that is, it radiates equally well
in all directions along the grounds By grouping aerials the radiated
waves are made to interact upon one another, their fields cancelling in
some directions and reinforcing in others. The exact directions in
in which they cancel or reinforce, and how much, depends on the distance
between the aerials and the relative phase and strength of their currents.
Fig. 15 shows the horizontal polar diagrams of two vertical quarter wave
aerials with different spacings and phase displacements, but with the
same current in each aerial.

(iii) The condition of equal currents in Fig. 15 is not common in
practice where the second element is often parasitically excited, with
the result that the current in the second element will be lower and the
resulting polar diagrams quite different. Fig. 16 shows these for



various positions and tuning conditions of the parasitic element.

It can be seen from Fig. 16 that the maximum gain in signal strength
possible is nearly two, and this is shown plotted against spacing
in Fige 17 for both forward and backward radiation, i.e. with the
parasitic element reflecting and directing respectively.

Changes in Tuning.and Radiation Resistance.

4e (i) The coupling between driven and parasitic elements causes the
tuning to vary with the distance between them, and consequently
whether a parasitic element reflects or directs will depend on both
its spacing and initial tuning. At the same time as the tuming,

i.e. the reactance, of both elements is altered, the radiation resis-
tance of the driven element is also changeds These changes are shown
in Pig. 17, 18, and 19. .

(11) The large fall in radiation resistance of the driven element
as shown in Fig. 19 should be noted, as it indicates that a great
increase in the sharpness of tuning of the aerial as a whole will take
place, for the magnification "Q" has been increased by as much as
nine times, This means that the frequency response or tolerance is
much poorer. It also means that when used as a directive array for
transmission or reception impedance matching arrangements will be
quite different, and that unless adjusted to the new condition, the
addition of a director or reflector may not be worthwhile, for as a
result of the miamatch increased currents and voltages in the cable
will cause greater losses, and the transmitter will probably be
incapable of developing full power into such a heavily reactive load.
In the receiving case the loss will not be so great for there will be
no additional cable losses, and as an increase in signal/noise ratio
is usually the main object the reduction in random noise, due to the
discrimination of the new polar diagram, may give a reasonable improve-
ment, The previous remarks on frequency tolerance will still apply
so that even if accurately matched a frequency variation of t 27 will
reintroduce a 2 : 1 mismatchs Thus, unless the frequency is quite
definite little is to be gained,

Directional Characteristics (cont,)

5¢ (i) So far only horizontal diagrems have been considered. In the
vertical plane the angles at which radiation leaves depends upon the
height of the aerial, its current distribution, and if the aerial is
directive, the plane in which we are interested. Fig. 20 (a-d)

shows the vertical diagrams for 1/6th, 1/4, 1/4 inverted, and half

wave vertical aerials, All these have only one main lobe of radiation,
but for grounded vertical aerials of greater height secondary lobes
appear at high angles, and Fig. 10 (e-h) shows diagrams for aerials of
«56, 5/8th, 3/4 end one wavelength. = As the length is still further
increased the main lobe of radiation slowly becomes more nearly vertical
though never actually so, and aerials such as these are useless except
for special applications as the ray travels outward only a short
distance per hop and is soon loste In the case of directive vertical
aerials the general shape of the polar curve will be much the same in
all vertical planes, but its strength will very with the horizontal

diagram,

(i1) As mentioned in paragraph 3 (i) the complete polar diagrams
of any aerial is a solid figure, For the aerials of Fig. 20 the
solid figure is that for which fhe diagrams are half oross sections;
i.e. with the wire as axis, rotetion of the diagram will produce this
solid figure. For a half wave dipole in free space the solid figure
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resembles a toroid, or spherical balloon, squeezed at two polar points
until the opposite sides touch, the wire of the aerial lying along the
direction of pressure. IFig. 21 is a representation of this, If a
plane ABCD is made to cut the figure as shown and the part below the
plane neglected, the resulting solid diagram is recognised as that of the
quarter wave vertical aerial Fig. 20B. Also if another plane EFGH is
passed through the figure perpendicular to ABCD the resulting pattern

on this plane is the familiar figure of eight, the horizontal diagram

of & half-wave horizontal dipole. If now, this plane is moved away

from the wire while still remaining parallel, it can be regarded as a
reflecting sheet, and radiation from the wire will be reflected back

to the wire or outwards depending on the angle of incidence on the plane.
As the distance is increased, the relative phase angle between direct
and reflected waves will vary, causing cancellation and addition in
different directionse The cross section of the solid figure resulting
from this will bs on the plane ABCD and beoause of this refleotion, will
no longer be circular. The exact shape of this figure will depend on
the distance between the wire and the plane. These figures are shown

in Fig. 22 and are the vertical diagrams of a horizontal dipole at
varying heights above earthe On the plane EFGH the pattern will remain
a figure of eight as long as the wire is a half wave length, but if the ,
wire length is increased interaction between waves radiated from various -’
parts of it which are out of phase will greatly alter this pattern,

Fige 23 shows the horizontal patterns for aerials varying in length from
«5 to 2 wavelsngths,s As these patterns are independeut of the height
the aerials may be above ground, the vertical mtterns of Fig. 22 will
still apply.

Arrays of Dipoles.

6o (i) As with the vertical aerials mentioned in peregraph 3
horizontal aerisls may also be grouped, and they may be arranged
vertically in tiers and horisontally in beys. The simplest of these
arrangements, known as stacked dipoles or Koomans arrays, whioh gives

a gain over the horisontel dipole, is the 1 bay 1 tier Koomans which
is two half-wave slements placed end to end and fed at the eentre so
that the currents in the two half waves are in phase, Radiation from
these two elements will, tharefore, add in a forward and backward
direotion at right angles % the axis of the wire, and the field
strength is increased by a narrowing of the arc over which the power
being radiated is distributeds This process can be continued by
increasing the horizontal width of the aerial or arrsy, and Fig. 24
shows the inoreasing field strength in the desired direction and the
narrowing arc of rediation for eerials having wvarious numbers of
elements. It has been seen from Fig. 20 that a horisontal aeriai,
half wavelength above greund, produces a single lobe of rediation at
30° above the horisontal. This angle, whioh is too high for long
distance communication (the distance per hop is too short), osn be
reduced by increasing the wertical height of the aerial or arrgy, i.e.
by arranging tiers of elements all fed in phase, so that their
radiation produces a narrow lobe in the vertical plane in a similar
manner to that produced by increased horizontal width in the horizontal
plane. PFige 25 shows the vertical polar disgrams of arrays of various
numbers of tiers. There are many ways by which the radiating elements
can be fed so that radiation takes place in desired direotions and
many aerials have been designed. Fige 26 shows current distributions
and feeding arrangements for the following aerials:-

Stacked Dipoles or Koomans Arrays.
Colinear dipoles.

Horizontal Sterbs.

Vertical Sterbe.

Pranklin Uniform.
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VERTICAL POLAR DIAGRAMS OF EARTHED
VERTICAL AERIALS.

FIG. N° 20.
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(i1) It was seen in paragraph 3, Fig. 16 that a reflector can be
used to direct the radiation from a single aerial., This principle
can also be applied to the arrays mentioned above, and although
radiation in a backward direction is never entirely suppressed it is
so to the extent of 80 or 90/ Fig. 27 shows the experimentally
determined horizontal polar diagram of a helf wave dipole and reflector,
erected half a wavelength above earth on guyed steel masts, The
distoz;tion is due to the long guy wires, supporting the masts, not
being broken up with insulators.

(411) As with horizontal aerials it is possible to make tiered
arrangements of vertical dipoles, as shown in Fig, 26(d) which is
the vertical version of 26(c). In the Franklin aerial, Fig. 26(e),
radiation from those half wavelengths, which in a straight wire
radiator would be out of phase, is avoided by bending the wire into
loops as shown, causing the current in the centre part of each half
wave loop to flow in the same direction., Thus, each half wave contri-
butes radiation in phase with its neighbours, and produces a beam at
increasingly lower propagation angles as the number of loops is raised.
As with horizontal aerials these elements can also be arranged side
by side to achieve a narrowing of the beam in the horizontal plane.
Reflectors can also be added to make the array uni-directional.

Frequency Tolerance of Tuned Arrays.

7« (1) A general oharscteristic of all aerials and arrays on which
standing waves are bullt up on the radiating elements, is that the
frequency can only be varied over very small limits before the mismatch,
caused by the elements being forced to operate off tune, bscomes so
serious that the transmitter is unable to develop full power, as pre-
viously mentioned in paragraph 4 (iig. Figs 28 shows the standing wave
ratios produced on open wire feeder lines as the frequency was varied
from the matohed oondition on a one-bay, two-tier arrsy with refleotor,
ereoted for 7.56 m.c/s. with single wire elements. The frequenay
tolerance over whioh this type of aerial will work, may be broadened to
some .extent by using large diameter cage elements in place of the
single wires as discussed later in paragraph (ii) of Chapter 5.

In general, for transmitters designed for matched lines, a 2 : 1 ratio
is the highest value which oan be tolerated by the transmitter without
e serious falling off of power output, though even with this ratio the
coupling and final civouit tuning adjustments will.be seriously upset
and may become unstable, but where it is essential to use an aerial on
a different frequency, scme relief from standing waves and instability
oan be obtained hy re-matching the asrial.

(i1) A further consideration is that, sinoe the reflecting proper-
‘ties of a parasitio refleotor depend upon its tuning and the distance it
is from the driven element (paragraph 3.) in terms of wavelengths, it will
be seen that if the frequency of the cwrent fed to an array is altered,
the initial conditions under which the reflectors were operating satis-
factorily will no longer hold, and it is unlikely that they will funotion
at all. Also for a tiered aerial, since the electriocal distance betwesen
the elements will no longer be the same, the various elements will :'not be
in phase, and consequently, the vertical propagation angle will probably
bear no close relationship to the angle at which the array propagates
when operating on its designed frequenoy. These limitations of arreys
with tuned elements are a serious handicap where the exaot working
frequency cannot be specified, or where it may be necessary to move from
the original frequency owing to interfsrence or some other cause. The
only way in which these disadvantages ocan be overcome is to use an
aperiodic aerial.

The Horizontal Rhombio Antenna.

8, (i) This aerial, walch is a diamond of wire horizontally suspended
above the ground, has the great adventage of being substantially aperiodic
when terminated correotly, and can be operated over a 2 : 1 frequency band
without difficulty. It works by virtue of the fact that a long wire in
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free space carrying a travelling wave produces a cone of radiation
around ite The angle between the main directions of radiation and

the wire becomes progressively less as the wire length is increased,

and this is indicated in Fige 29 which shows the angle between the

wire and the direction and relative strengths of the lobes of maximum
radiation for various lengths of wire. Thus, a single wire erected
over the ground will have a horizontal radiation diagram as shown ir

the above figure, but in the vertical plane the angle of the lobe will

be altered by reflection from the ground, the actual alteration depending
on the height of the wire.

(i1) By suitably arranging the angles of the Rhombic for a side
of a given number of wavelengths, it is possible to align the lobss
of radiation of the wires comprising the sides, to produce one large
lobe in the forward direction with greatly suppressed radiation else-
where, Fig. 30 shows the lobes of radiation of eagh. side wire and
the alignment of appropriate lobes,

(111) This suppression of mdiation, except in the forward direction,
is true, however, if the travelling waves proceed in the forward direction
only, and this condition is fulfilled when any unradiated energy remaining
at the front end of the Rhombic, is absorbed so that no reflection, i.e.
the production of a travelling wave in the opposite direction, occurs.
Where .such reflection exists the aerial is bi-directionale In this
condition the aerial is not aperiodic, and as with tuned aerials the
frequency tolerance is very small.

(iv) In order to obtain suitable alignment of radiation in the
vertical plane for low propagation angles, the length of each side
must be very great, and in the case of aerials required to propagate
between 15 - 10° the side length may be as great as 10 - 15 wavelengths,
depending on height. This means that a Rhombic erected for a low
optimum frequency would have actual lengths of sides 'so great that they
could not be erected in single spans. It is therefore necessary to
compromise on length, by choosing a side of a more convenient figure,
say 5 wavelengths, at the highest frequency on which the aerial is
required to work, and by broadening the Rhombic to re-align the lobes
of radiation. As mentioned above, reflection from the ground plays
an important part in determining. the propagation angle, and thus a
compromise has to be made between the conflicting requirements of
length for optimum alignment and permissable length, taking into account
the effect of height above ground. _

(v) The two sets of curves of Pigs. 31 & 32 are based on compromi se
designs and from them suitable side lengths, heights and side angles can
be determined for any propagation angle required. In Fige 31 three
curves are drawn for sides of 2, 3 and 4 wavelengths and a further curve
gives values for the height of the aerial. For example:-

Given side 1ength L = 3 wavelengths and the ‘desired propagation
angle is 18°, to find the height H and the side angle ﬂp
Method: -~

Draw a vertical line from point A (propagation angle = 18°)
through point B (on the curve L = 3 w.lo's)s Read half’

side angle § for point B from right hand scale and height

H, from intersection of the line AB at point C on curve

H, from left hand scale.

Result:~ @ = 67° H = 0.82 wavelength.
(vi) 1In Fig. 32 the height has been fixed at 5 wavelength and

this determines the relationship between side length and side angle
# for a given propagation-angle. For example:- .
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Given required propagation angle = 240, To find side

length and side angle,

Method: -

Draw a vertical line from point A (propagation angle =

24°) through curves L and #. Read off side length for
point of intersection B from left hand scale, and angle
@ for point of intersection C from right hand scale.

Results:= L = 2,6 wavelengths. @ = 65,90

Polar Diagrams

9.. (1) As mentioned in paragraph 8 the Rhombic aerial 25 speriodic
and 30 cen be used over a wide band of frequéncies. When used this
way, however, the side lengths and height in termms of wavelengths will
decrease with decreasing frequency, but as the side angles for a given
Rhombic are fixed the lobes will not be correctly aligned, except at one
frequency; at lower frequencies the polar diagrams in both horizontal
and vertical planes will become much broader, and at high frequencies

- - much sharper. Thus, the gain of the aerial will be reduced at lower

frequencies and increased at high frequencies, and average values for
a Rhombic having a side four wavelengths long at the highest frequency
are 9 and 15 db. over a 2 : 1 ratio. In the vertical plane since the
height of the eerial in wavelengths has decreased for lower frequencies,
and increased for higher frequencies, the angle of propagation will be
reised and lowered respectively. Fig. 33 shows the variation over a
2 : 1 frequency ratio of the vertical and horizontal polar diagrams of

-a single Rhombic. )

Impedence Variations

10, (i) Since the wires of a Rhombic carry travelling waves they become
in effect a special type of transmission line, so arranged that it

"radiates. As will be discussed in Chapter 4 one of the fundamental re-

quirements of a transmission line is that the ratio of spacing to wire
diameter, and thus the distribution of the inductance and the capacity,
is coristent throughout its lengths The wires of the Rhombic obviously
do not remain at a constant ratio, with the result that the impedance

at the unterminated end varies from about 900 ohms at low frequencies
(sides 2 wavelengths), to about 600 ohms at high frequencies (sides 4

or 5 wavelengths). This effect can be reduced by making the sides of
the Rhombic of wire of increasing diameter so that the ratio (for 600
ohm lines 75 : 1) remains constant as the sides diverge. Since, however,’
the conductor cannot be solid, it is made of 'sirigle wires arranged one
above the other, and this makes it necessary to separate the wires more
rapidly; the optimum rate varies with each Rhombic and can only be found
by tedious measurements on site, as local conditions affect it, but in
general terms a ratio of 1 : 30 for two wires and 1 : 40 for three or
four wires will prove satisfactory. The actual improvement effected is
such that the impedance of a three-wire Rhombic remains within the limits
of 550 - 650 ohms, and consequently, when used for transmitting, can be
fed direct from 600 ohm lines without any matching difficulty.

_'.ggrminations for Rhombics.

11, (1) Receiving Aerials. Because the power collected by a receiving
Rhombic is very small, the termminating resistance is usually made from
small carbon resistances joined in series to reduce their capacity, and
having a total value of 600 - 800 ohms. The resistances are usually
mounted in a watertight paxolin tube, or preferably in three units with
a third of the total resistance in each, separated by two or thres feet.
The unit or units are suspended from the insulators at the front end

of the Rhombic.

- (i1) Transmitting Aerials. The terminating resistance for
transmitting aerials is usually called upon to dissipate between 30

- 31~
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and 60% of the power input to the aerial, consequently in th® case

of large transmitters, it may be required to dissipate several
kilowatts and for this reason must be fairly large. It can be

made either as a concentrated resistance comprising high rating
carbon resistances suitably mounted close to the front of the

aerial and comnected to the aerial by open wire lines, or an open
wire line may be used as the terminetion if resistance wire is used
for the line and the line made sufficiently long for all the power

to be dissipateds A terminating resistance line of this nature can
be maede from 14 guage Nichrome wires spaced 6" between wire centres,
,and for frequencies above 10 m.c/s a line 300! long will dissipate all
"the energy. For lower freguencies the rate of dissipation of energy
along the line is less and consequently longer lines will be required.
A line 800' long will be satisfactory down to 5 m.c/s or a little lower,

The Fishbone Aerial.

12. (i) Another aerial which has a broad frequency response dharacter-
istic is the Fishbone. It consists of a transmission line with half
wavelength elements attached at short intervals on either side, and
connected either directly or through a small capacity to the tranamission
line, The aerial operates by virtue of the fact that a travelling wave
passing over this array of dipoles along the direction of the transmission
line excites them into oscillation, their relative phase being governed
by the wave. Thus, a small amount of energy is fed from each dipole
element into the transmission line, and provided the line is correctly
teminated at the end farthest from the distant station, all the energy
extracted from the wave and passed into the transmission line will be
absorbed in the termination, i.e. the receiving circuit.

(ii) When the half wave dipoles are connected directly to the
transmission line,the frequency tolerance is fairly small as the
elements soon impress their off resonance reactance on the transmission
line, with the result that the line constants are upset thus preventing
a smooth flow of energy along the line. With this arrangement the
“actual frequency tolerance obtainable is of the order of ¥ 5% with a
gain of approximately 15 db at the optimum frequency.

(1ii) When the dipoles are not conmnected directly to the transmission
line their reactance has a much smaller effect on the wave train down the
transmission line, with the result that the frequency tolerance is very
much greater, extending to as much as a 3 : 1 ratio between the highest
and lowest frequencies. As would be expected the zain varies somewhat
over this range but has a value of about 10.- 15 dbs.

(iv) For uni-directional reception, the end of the transmission
line remote from the receiver must be correctly terminated, in order
to absordb any energy produced by waves travelling in the opposite
directions If this is not done then reflection will occur from the
unterminated- end of the line, and waves travelling back towards the
receiver will be set up, thus passing some energy into the receiver,
The terminating resistance should have the same value as the charac-
teristic impedance of the line, and this is usually made 600 ohms for
the first type with the elements connected directly, or about 450 ohms
for the second type.. When terminated the absorption of the unwanted
energy is fairly complete end the back to front ratio of the aerial is
about 20 dbs This aerial has an advantage over the Rhombic in that it
requires less ground area, but it is more complex to rige The general.
arrengement of this aerial is shown diagramatically in Fig. 34
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CHAPTER

Choice of Aerials for Various Services.

1 (1) The type of aerial to be used depends upon the Services and
distances to be covered and these can be divided most conveniently into
the following four groups.

(ag Short distance point to point.
(b) Long distance point to point.
écg Short distance aireraft control.
d) Long distance aircraft control.

Short pistance Point to Point.

2¢ (i) Tor distances up to 500 miles the primary consideration is the
choice of frequency, and the most suitable frequency can be detérmined Ly
referring to Fige 12 It will be found to be fairly low and bécause of
this only simple aerials can be erecteds The exact type of aerial to be
used depends on the distande, and whether communication will be carried out
by the grouwnd or reflected ray.

(41) Ground ray communication can be maintained at these low frequencies
up to about 100 miles. and for these distances the signal can be strengthened
by using a suitable vertical asrial., Reference to Fig. 20 shows that a
grounded aerial .56 wavelength long provides the strongest ground wave which
can be obtained without introducing fading, caused by radiation at high
angles, If radiation is required in specified directions only, then it
may be possible to use a reflector to strengthen the field in these
directions, and reference to Pig. 16 shows the polar diagrams possible
with. various reflector spacings.

(iii) Por distances over 100 miles and up to 500 miles the indirect
or reflected wave will be used, necessitating an aerial producing high
angle radiation, and this angle may be found from the curves of Fig. 11.
For omni-directional radiation a vertical serial must be used and from
Fige 20 an aerial of suitable characteristics can be ‘chosen. An aerial
three quarters or one wavelength high produces useful high angle radiation,
but availeble mast height will normally limit the aerial to between one
sixth and one guarics wavelength.

(iv) A horizontal dipole can be used if the horizontal figure of
eight polar diagram is of no disadvantage, and Fige 22 gives the vertical’
radiation patterns at varioums heightse If uni-directional propagation
is desired a reflector may be used to increase the signal strength in
the desired direction.

Long Distance Point to Point.

3 (1) Por distances over 500 miles the choice of frequencies is
again of primary importance, and suitable frequencies can be obtained
from the curves of Fig. 12, bearing in mind that for distances greater
than 1200 miles a number of hops must be sassunmed.

(i1) As these services normally work in specific directions only,
it is possible to erect complex aserial arrays to concentrate the
radiated power in the required directions, these may be Sterba arrays,
Kooman's arrays, Rhombics etce Chapter 2 described various theoretical
and technical details of these arrays, whilst practical considerations
are discussed in Chapter 5.

(111) ‘It cannot be too strongly emphasised that recent investigations
have disclosed that the path of least attenuation, i.e. that over which
effective communication is maintained, is entirely dependent on the
ionospheres This means that as the optimum angle of projection from
the transmitting station is controlled by the ionosphere, it is relatively
indefinite. Thus, & transmitting aerial which radiates over a reasonably
broad arc in the vertical plane should be used, and in general terms the
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angle betwsen 5° and 15° from the horizontal should be well covered.
This coverage will not be possible, of course, on very low frequencies
without very high horizontal aerials, so that arrays of vertical asrials
of the half wave type probably provide the solutiony though it should
be borme in mind, as mentioned in Chapter 1 paragraph 4 #nd shown
graphically in Figs. 5, 6, & 7, that vertically polarised radiation is
much more susceptible td ground constants than horizontally poln.riaad-
radiation; 8o that the transmitting site should be chosen with re

to good ground conductivity, 1In areas where ground conduativity gs
very poor, i.e. areas of shingle, sand, hard rock, etc., an elaborate
earth aystem must be prdvided.

Aircraft Control - Short Ranges.

4 (i) Por efficient working at short renge i.e, R/T, the frequsncy
must be of the ordér of 3 m.o/s. This is because radistion at very

low angles 1s rapidly lost above this frequency, the polar

developing into those shown dotted in Fig, 20, A .56 -wavelength- vertical
aerial will provide the strongest signal free from fading, but as at

3 mc/s an merial of this tyos is 190' high, mast height limitations
necessitate using either a 1/, wave or an inverted 1/i wave aseriel,

the 1/l. wave being the easiest to use as it can be fed direct from low
impedance coaxial cable (ses Chapter 5 paragraph 13 for details.) ;

Alroraft Control - Long Range.

S5¢ (1) As communication is now dependent on reflection from the .
ionosphere optimm frecusncies should be chosen from the curvea of

Fig. 12, and 28 the entire range from base to 1200 miles must be covered
there must be no skip areas i.6. the field strength/distance cuxrve should.
be that of Fig, kb This meens that at distances of 75 - 200 miles t‘adﬁing
will be severe but this limitation has to be accepted.

(11) The fading may be minimised hy using an serial radiating a ycry,
small amount at very high angles, or alternatively using a fregueney .
80 nesr -the' critical frequency that this high angle radiation pemﬂ‘.mtea "
the layer and is lost, but as this latter msthod depends on the
ionosphere, it is not of much practical use as the frequency cannot be
changed often snough to keep pace with the rapidly oha.nging layer con-
ditions,

(1i1) Referring agein to Fig. 20 the 1/k wave vertical pmbably
provides the best genmsral purpose aeriel, though for consistent working
at limiting ranges the .56 aserial will give the strongest signal.
Provided the figure of eight horizontal polar dlagram is no diaadmtagu
a horizontal dipole erected o4 = L5 wevelength above earth (see Fig, 22)
will also give good rssults.



CHAPTER 4o
Trensmission Lines.

1. (i) sSince transmitting aerials are often large and complex, and a
single conmm.ication channel usually requires two or three serials,
working on different frequencies for different times of day, they must of
necessity be erected some distance from the building housing the trans-
mitter, Thus s it is necessary to use some low loss non-radiating link
between the transmitter and the aerial. This link or transmission line
can be of the "open wire" type, consisting of parallel wires about 10!
above the ground spaced a very small fraction of a wavelength apart,
and mounted on insulators at 70 - 100! intervals, or can be a coaxial
line in which one conductor is surrounded by the other conductor, the
spacing between.the two being maintained by insulating washers at
frequent intervals. As commonly used, however, the central conductor
is a flexible wire and the outer, also flexible, is supported on low
loas insul&ting material.

gharactezistim]gpedanoe of Open Wire Lines.

2, (i) If an alternating voltage were applied across an infinite
length of transmission line a current would flow, and the ratio of
voltage/current (B/I) is called the characteristic impedance of the
line. . The value of this impedance Z, is determined by the square
root of the ratio of Inductance/Capacity (y/ L/C ) per unit length,

(4i1) . For open wire lines or feeders, where the dielectric or
insulating medium is nearly all air, the characteristic impedance Z,
can be.fairly easily calculated depends only on the size and spacing
of the conductors, and Z, = 276 logyy 25/d, where "S" is the centre to
centre spacing and "d" is the diame er of the conductors. This formula
is only accurete. if: the ratio of 25/d is fairly large, for smaller
spacings the mathematics are very complex and Table II gives the
characteristic impedance of close spaced 1/4" and 1/2" diemeter tubes.

N

. . TABIE II
Spacing § %, ohms for %, ohus for
in inches . 1/2" diam. Tubes. 1/4" diems Tubes.
160 ;o viee o 170 . 250
s 185 277
Te5upeis - 210 “ 198
1.75. . . . ‘ 225 318
2.0 248 335

(iii) Fig. 35 shows the characteristic impedence of open wire lines
for various ratios of 25/d, and Fig. 36 the characteristic impedance for
various pairs of wires with different spacings and wire gauges.

Characteristic Impedance of Goa.xial Feeders.

3« (i) sSince one conductor of a coaxial feeder is entirely surrounded

by the other, as would be expected the capacity between the two per umit
length is greatly increased, and the inductance similarly reduced. Thus,
coexial cables are characterised by having a low impedance, and provided the
dielectric is mainly air this is given by Zo = 138 logyo D/d, where "D"

is the inside diameter of the outer conductor, and "d" is the outside
diameter of the imner conductor.

(i1) In most cases, however, and especially in the flexible types
of cable now used very widely, the dielectric is far from being all air,
and as its composition varies very greatly the formula above will be of
little use, and it is necessary to rely on the figures provided by the
manufaecturers. At Appendix. "A" is a list giving the characteristic im-
pedance, attenuation, and other details of various types of coaxial cable.
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Losgses in Transmission Lines,

L, (i) As the conductors in a transmission line are not perfect,
some of the energy passing down the line will be lost in heat through
their resistance; this loss is proportional to the square of the
current flowing (I%R), while R varies directly with the circumference
of the wires or tubes, Thus, for equal IR losses the conductors of
the coaxial line umst be much larger than those of an open wire line.
As well as this resistance loss there is a dielectric loss in the
insulators, and this is approximatel; proportional to the square of
the voltage. Thus, the loss per insulator on open wire lines, with
their higher impedance and consequently higher voltage for a given
power, will be greater than the loss per insulator on coaxial lines,
but coaxial lines require many more insulators. The net result

of these factcrs is that in well constructed transmission lines of
either type the attenuation is much the same, but the cost of the
coaxial will be about five times that of the open wire line., An
average fipure for the loss of an open wire line (300 1b per mile
copper) is 3 dbs per mile at 10 mc/sec, ‘

(ii) & further source of loss is that of radiation from the line,
though naturally this can only epply to open wire feeders. It has
been shown that the rediation from an open wire line, well above earth
and carefully balanced to it, is equivalent to that from a single wire
radiator carrying twice the current of the feeders, and of the same
length as the distance between the wires, this loss being independent of
line length., Where the feeders are unbalanced, however, there will be
a residual field between one line and earth, and an appreciable amount
of energy will be radiated if this unbalance is at all large.

Termination of Peeders.,

5% (i) If, as mentioned previously, the feeder is of infinite length
then power from the transmitter is gradually attenuated due to ohmic
and dielectric losses so that energy is never reflected, but if the line
is of relatively short length, and is terminated by a circuit whose
electrical characteristics are different from those of en infinite line,
then an advancing wave on meeting this termination will be partially

or wholly reflected. For example in two extreme cases if the line

is open circuited, then obviously having nowhere else to go waves will
be reflected straight back, In the other case, if the line is short
circuited, then the advancing waves will pass through the short circuit
from either side and proceed against oncomins waves in a siwmilar menner.
Thus, at any part of the line the actual voltape or current will be the
sum of the advancing and returning waves, ‘This gives rise to a
stationery pattern of current and voltage on the line, and these
stationery waves are known as standing waves, Measurement of current
along the line from the terminated end at frequent intervals will

show that the standigg wave of cu;}ent varies in a cyclic manner;

if the termination is a short circuit then it will be fouru that there
is & current maximum at this point, and a half wavelength sway a
further current maximum., At the intermediate point the current will
be zero or very nearly so, and it will be found that at this point the
voltage will be high, Half a wavelength farther on from this

voltage point the current, after passing through the current maximum
already mentioned, will have again dropped to zero, and examination
along the line will show that these conditions repeat at half wave
intervals as indicated diagramatically in Pigure 37. The ratio
between meximum and minimum current readings is known as the standing
wave ratio and is expressed as this ratio, a fraction Imin/Imax, or

as a percentage,

Percentage ratio = Imax - Imin X 100
. Imax + Iwin

(ii) 1In cases where the line is terminated by either of the

extremes mentioned sbove, the standing wave ratio, assuming the lines
have no losses, will be 100, but as in fact they have the ohuic and
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dielectric losses referred to previously this ratio will be a little

less, Where the line is correctly terminated, however, the percentage
standing wave ratio will be zero as there is no reflected wave, and a

meter moved along the line would register only the steady (RMS) value

of the advancing current wave. This is the most efficient condition

for transference of energy by Ehe line, as there will be no high current
poings (loss proportional to I°) and no high voltage points (loss proportional
to V4), and the radiation loss due to any unbalance to earth will be

a minimu,  Thus, for efficient operation of transmission lines standing
waves are to be avoided.

(iii) In conditions where the terminating impedance is neither a
short nor an open circuit, but is not of the right value to terminate
the line correctly, a certain amount of the energy of the advancing
wave will be usefully used, the remainder on being reflected will
produce a standing wave ratio of some value between O and 1005  Since
this reflected wave contributes no energy to the aerial or terminating
impedance, it can be regarded as being produced by a reactance in
parallel with the resistance which is absorbing energy usefully, but
since the effect of eny reactance can be cancelled by an equal and
opposite reactance it is only necessary to provide such a reactance in
order to remove standing waves.

Stub Matching,

6 (1) The reactance required to cancel the standing waves could be
either a coil or condenser of suitable value, but is most easily made

up as a length of feeder line, either open or closed at the end not
attached to the transmission line. The length of this stub line is
determined by the stending wave ratio, and its position on the transmission
line by this ratio and by the location of the standing waves For any
standing wave ratio there is always the choice of either an open or a
closed stub line, and in general the stub which is nearest to the
termination should be useds The length and position of the stub line

for any standing wave ratio can be determined from the curves of Fig. 38.

(ii) The manner by which these stubs operate may be more easily
understood by referring to Fig. 39a, which shows a half wave horizontal
dipole broken at the centre by a half wave feeder line terminated in a
short circuite Tracing currents along these lines it will be seen
that the current maximum at the centre of the dipole, turns down the
feeder lines, and a quarter wavelength down becomes almost zero,
reappearing and rising to a meximum but in phase opposition at the
bottom of the line. °In other words the half wave dipole and the line
form a tuned circuit. It will be seen that there is a current maximum
at the shorting bar, but that a quarter wavelength up the line the
current in either feeder has dropped to a low value. The ratio between
the currents at this point, and the current in the shorting bar, will
depend on the characteristic impedance of the tuned line. Assuming the
tuned line impedance to be 600 ohms and the aerial ixgpedance 70 ohms,
then the impedance at the current minimum will be 6004/70 = 5142 ohms.

(1ii) From the above it follows that if the impedance at the bottom
is 70 ohms, and a quarter wavelength up the line is 5142 ohms, then at
some intermediate point it will be the correct value to match any twin
wire feeder line, Thus, by tapping 600 ohm feeders on to this resonant
loop at the correct point (Fig. 39(a) ) there will be no standing waves
in the feeders, and all the energy will be delivered direct to the tuned
loop and hence to the aerial. Fige 39(b) shows the case where the main
600 ohm feeder lines are continued directly to the half wave aerial, and a
suitable shorted matching stub connected to remove the standing waves pro-
duced by the mismatch at the aerial. A close examination of this system
shows that electrically it is identical with that of Fig, 39(a), but its
application is much more straight forward as any unpredictable effects
due to the proximity of other aerials, masts, or stay wires are automatically
taken into account, whereas a considerable amount of trial and error work
may be necessary to find the correct tapping point on the tuned line.
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(iv) When using a shorted stub the distance "Y" in Fig, 38 should
be measured to the centre of the shorting bar at the bottom of the
stub, and this point may be earthed if protection against lightning
discharges is required. When using an open stub it should be remembered
that the voltege at the open end will be high, and adequate insulation must
be provided, Where a greater power than 5 k.w. is being used then the
voltage may be high enough to produce corona discharges from the wire ends,
and to prevent this, insulators with corona rings must be used, As the
capacity of the metal ring is fairly large, the stub length must be
shortened to allow for this. 9" and 1' for 33" and 43" diameter rings
respectively, are approximate amounts to be taken off the length obteined
from Fig, 38 for the 12" insulators detailed in Appendix "C"

guarter Wave Matching Lines.

7. (i) It has been noted that the impedance of a quarter wave

section of line varies from a low value at one end to a high value at

the other, and that the ratio of these impedances depends on the
characteristic impedance of the line, It thus behaves as a transformer
and it is possible by using a quarter wave line of the correct character-
istic impedance to match between almost any two impedances Z4 and Zp.

The characteristic impedance Z, of the quarter wave line is the oorrect
value when it is the geometric means between Z4 and 2, i.e. Z, = \/21 Zo.
Thus, it would be possible to match the half wave dipole of Fig, 39(a) by
a quarter wave line whose impedance Zg = /70 x 600 = 205 ohms. This
arrangement is shown in Fig. 39(c) and a line of suitable impedance

can be chosen from Table II, paragraph 2.

(ii) The quarter wave transformer is also useful for matching
arrays such as those shown in Fig. 26 (a - d), where the ratio between
Z, and Z, may not be very great. In this case starting from a current
maximum as near as possible to the aerial, measure off .24 wavelength
(for length in feet see Fig, 38(b) ) along a clear section of line, and
install spacing insulators to keep the ends apart at their original
spacing, then using amall insulators between the wires pull the wires
together until standing waves are eliminated along the lines to the
transmitter. This process can be repeated as often as necessary
to match arrays, i.e. Koomans, which are fed at more than one point,

The highest standing wave ratio which can be handled by the procedure
above is 2 ; 1, for beyond this the wires become much too close together
for all but low power and good weather conditions.

Measurement of Standing Waves,

8. (1) 1In the preceding paragraphs, reference has been mede to the need
for knowing accurately the standing wave ratio on tranamission lines in
order to calculate suitable stubs., A standing wave meter is necessary
for this, and it should be capable of reading over a ratio as great as

10 : 4. Meters are usually made to work by induction from the trans-
mission line, so that there is no need for a running contact. The
simplest form consists of a loop of wire of triangular shape with a
thermo-millismeter at one corner. The aside opposite this corner is
usually made about 18" long and is so atranged that it can slide along
the transmission line, Where the transmission lines are very high above
the ground, a twisted flexible lead can be brought above the ground, a
twisted flexible lead can be brought down from the loop to the meter, and
the loop mounted on a piece of wood can be moved along by means of a
stick or piece of string. For satisfactory operation one thermo-
milliameter is not sufficient, as a current range of 3 : 1 is as much

as one meter will read accurately., It is thus necessary to provide two
meters, one having a range, say O - 120 milliamps end the other O - 500
millismps, with a suitable push-button switch to bring in the O - 120 meter
for low readings, & drawing of a standing wave meter of this type is
shown in Appendix "F",

Measurement of iower in Feeder Lines.,

9. (i) Since the power flowing along the feeder line is proportional
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to 1%z, where Z, is the characteristic impedance of the line, then by
mea.surgng the current in a line the power can be calculated., This is
only true, however, when no standing waves are present, for when present
the current will vary along the line, and to obtain the power the values
°£ Imax and Imin must be measured and their product substituted for

I¢, i.e« Power = Imax X Imin X Z,

(i1) The standing wave meter can also be used to indicate power,
though unless calibrated relative amounts only are measurable, When
used in this way the standing wave meter can be very helpful as the
power loss at wall insulators and along transmission lines can be
measured, thus enabling steps to be taken to correct the failts at any
place where the loss is found to be excessive.

2

Matching Units.

10 (i) In the previous paragraphs, methods were discussed for
terminating transmission lines in such a way that standing waves could

be avoided, and it was mentioned thet a coil or condenser could be used
to tune out any unwanted reactance, There are occasions when this method
has advantages over the application of stub or guarter wave matching
lines, for as they are critically dependent upon the length of the wires,
operation is only satisfactory when working on the frequency for which
they were initially adjusteds The frequency range of the quarter wave
transformer is thus very limited, but this limitation'can be overcame by
building an actual transformer from coils and condensers. The turms
ratio for correct matching between primary and secondary is given by the
square root of the impedance ratio i.e. a 16 : 1 impedance ratio requires
a turns ratio of 4 : 1. For a broad frequency coverage with a transformer,
the fundamental requirement is that the coupling factor "K" between primary
and secondary should be as close to unity as possibles This requirement
is very hard to achieve for high power transformers, as the high voltages
and currents mean large coils adequately spaced, and this causes a
reduction in coupling. For receiving aerials where the power handled is
negligible, it is possible to use small and compact coils with iron dust
cores, This makes very close coupling possible and a frequency coverage
of 2.5 to 20 mec/s is obtainable from a single unit.

(11) A unit of this type, such as the Matching Unit type 68 (see
Appendix "B") is used to match from a 600 ohm belanced line to a
75 ohm single coaxial cable, i.e. for matching a Rhombic or multiwire
receiving aerial into 75 ohm coaxial cables In the Matching Unit type
2 an auto transformer is used to match the 40 ohm unbalanced load of a
quarter wave vertical serial, into 75 omhm coaxial cable,

Notes on Efficient Operation of Transmission Lines.

11. (i) From the foregoing it will be seen that many points must be
borne in mind for the efficient operation of transmission lines and some
of them are listed below.

(1) standing waves must be eliminated, and the process by which
this is .carried out is known as matching, The curves of
Fige 38 give the information for stub matching,.

(2) The size of the conductor should be as large as possible,
within reason, to minimise resistance losses.

(3) Insulators should be of good quality and have long leakage
paths. Where pin type insulators are used for open wirs
type feeders, the metal pin should not be .closer to the
feeder wire than two or three inches. For example, Post
Office telegraph insulators with the metal mounting pin
close to the feeder wire, are unsatisfactory as they upset
the distribution of line capacity, and on high power
sufficient heat may be developed in the insulator to melt
the locking compound with consequent failure., Surface
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leakage losses must be reduced to a minimum by keeping the insulators
free from oil, dirt, etc. and by using those types provided with
vakirts", e.g. type 19 wherever possible,

(4) The spacing of open wire feeders must be maintained constant
throughout their length and the lengths of the wires of a
palir must be equal.

(5) Sharp bends must be-avoided wherever possible and where it is
neoessary to tutn corners. It must ba done in such a way as
,to ensure that the individual lengths of f'eeders remain equal.

(6) Open wire feeders should be maintained reasonably hig. above ground,
and as a general rule nut loms then six feets -

(7) No metallic objects or wires should be permitted within a distance
of about three times ths spacing between the wires end all joints
must be as small as possible in ord v to maintain the even distri-
bution of capacity and inductarce.

(8) When rigging transmission lines sufficient dip should be
allowed in each span to permit the wire to contract in cold
weather without breaking, The dip for the temperature at
which the lines are being rigged can be chosen from the ocurves
of Fig. h-1o :

(9) Unless it is known that feeder lines are accurately matched a
meter or meters in the feeder wires at the transmitter conveys
little or no information as to the power output of the trans-

mitter, and may be grossly misleading,
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CHAPTER 5.

Praotical Agpects of Aerials.

1. (i) PFor the satisfactory operation of any tuned aerial it is
essential that the length of the driven element be adjusted so that

it is exactly in resonance. This length as a fraction of a wavelength,
is not constant with frequency, and for half wave dipoles is about

48 wavelength at frequencies of spproximately 3 m.c/s falling to about
45 wavelength at 20 m.c/s. This length is, of oourse, greatly modi-
fied by the insulators and wire used, and also by the nature of supporting
masts, steys, halyards etc. Curve (a) of Fig., 41 gives the resonant
length for a lialf wave dipole of 1L guage wire, with 6" glass insulators
suspended bétween wooden towers by rope halyards, and curve (b) gives
the resonant length for a half wave dipole hut with insulators fitted
with Corona rings: Curve (c) gives the resonant length for quarter
wave vertical aerials, and is based on the assumption that the aerial
is hauled up well clear of any metal work, and that 6" glass insulators
are used in conjunction with rope halyards. The length of the aerial,
as obtained from the curve must be measured from the ground level, i.e,
it must include the height of the stirrup of a radial earth (Fig. 49).
The use of steel masts with stay wires unbroken by insulators, is often
necessary and may render the curves of Fig. 41 very inacocurate at fre-
quencies for which the stays approach resonance. Similar inaccuracies
. can also be produced by other aerials in close proximity, and in general
the effect will be to shorten the length of wire required for resonance,

Cage Aerials.
2. (i) In this aerial, by mounting wires around the circumference of
circular spreaders, a conductor having a large effective area is produoced.
Because of this the capacity per unit length is greatly increased, and
as the wires are in parallel, the inductance of the cage is much lower
than that of a single wire, with the result that the characteristic
impedance (4/L/C per unit length) is greatly reduced. This similarly
reduces impedance ratio along a quarter wavelength, and broadens -the
tuning of the aerial, sufficiently for a frequency band of + 7% on the
optimum tc be covered for a 2 3 1 standing wave ratio at the limits of
the band. The increased capacity, however, has the effect of reducing
the overall length of cage required for resonance, snd curve (d) Fig. 41
gives the length for quarter wave vertical cages. This method of
broaedening the frequency response oan also be used for horigontal serials,
and is of advantage where Kooman type arrays are being used, the resonant
length for the half wave element of this array being twice that of the
quarter wave vertical. The system can also be used for half wave dipoles,
but it is better when feeding this aerial from open wire lines to adopt
the folded wire arrangement described in peragraph 8.

Horigzontal Dipoles,

3 (i) The horizontal dipole in various forms is very widely used,
and appears with various methods of feeding it under a variety of names,
some of which are described below,

The Zepplin.

4o (i) Pig. 42 This is a voltage fed dipole with tuned feeders,

which owing to the heavy standing waves and the unbalanced loed on them,
always radiate to some extent; for this reason and because of increased
line losses due to the standing wave, the feeders should be as short as
possible and are usually made an odd number of querter waves long, in order
to avoid high voltages at the transmitter., This system is popular with
amateurs as it can be operated on harmonic frequencies very easily, but
for communication work the higher powers used would mean dangerously high
voltages and currents on the feeders, and it is not of much use as most

transmitters must work into matched and balanoed lines.
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The Windom,

- 50 (i) Pig. 43. As the impedance of a wire in resonance is purely
resistive at any point, and for a half wave dipole varies from about 73
ohms at the centre to. about 2,500 ohms at the ends, it follows that at
some point either side of the oentre it will be the right value (500 -
700 ohms) to match a single wire feeder, so that the current in the feeder
wire will be free of standing waves, and consequently radiation slight
compared with thet from the "dipole". The exact distance of the feed-
point from the centre can only be found by experiment but will be about
.06 wavelength, Because radiation from the feeder wire is an inherent
fault, and the load on the transmitter is unbalanced, the system is not
greatly used, except with low power mobile equipment.

M or Delta Matched Dipole,

6. (i) Fig. 44. If two feed wires are used and tapped on to the
dipole, each sbout .06 wavelength from either side of the centre, then
each wire will be correctly terminated and their currents - equal because
the load is unbalanced - will be in opposite directions, and no radiation
will teke place from the feeders., Since .12 wavelength will be longer
than the distance between the feeder wires, it will be necessary to fan
out the two wires into a "Y" and hence the name of the aserial. The
length of the top "A" for various frequencies can be obtained from para-
graph 1 and Fig. 41. For 600 ohm feeders the distance "B" between the
two tepping points is .125 wavelength or in feet 123/F (M.c/s). The
distance "C" is .15 wavelength or in feet 148/F (m.o/s). The height

of the aerial above the ground and the proximity of masts, stay wires -
etc. will cause the precise lengths of A, B and C to vary slightly, and
they can only be exactly determined by experiment on site, and the pro-
cedure is as follows:~-

(1) Measure the standing waves on each feeder wire and if they are un-
balanced move the "I"™ as a whole along the top to left or right
until the currents are balanced.

(2) Alter the distance "B" until standing waves are reduced to a mini-
mum, If they cannot be reduced below 10f% distance "A" is probably
too long and should be shortened by 2 or 3 inches and variation of
"B" tried agein, A final value of 9% or less should be attainable,
Length C mey require shortening a little at high frequencies (15 -
20 m,c/s).. All lengths A, B and C are critical to an inch or two
(depending on frequency) and so careful sttention should be paid to
measurements during construction.

Centre Fed Dipoles,

7. (i) Pig. 39 (a - o). A half wave dipole in free space has a centre
point radiation resistance of 73 ohms, but when close to the ground, it
veries between 60 and 100 ohms as shown in Fig., 45. Thus, if the wire is
broken at the centre it can be fed from a ceble having a characteristic
impedance of. the same value, as the cable will ‘then be correctly terminated,
A balanced or itwin cable is preferable to a single ocore of coaxial cable,
though the latter can be used. As mentioned in Chapter 4, a half wave
dipole cen be fed from 600 obm lines and matched by three methods which
were discussed and illustrated by the diagrams of Fig, 39 (a - ¢). Pro-
vided the masts are high enough to allow a half wave line to hang clear

of the ground, a half wave tuned stub is quite useful, as adjustments,
though critical, can be carried out close to the ground., For easieat
matching, however, it is best to employ matching stubs as any unpredictable
effects are automatically teken into account. The procedure for using
these stubs is as followss-.
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(1) Measure the standing waves on each feeder as close as possible to
the aerial and note the positions of ocurrent mexima, If these
positions are not opposite one another on the lines, then the top
section of the aerial is unbalanced (possibly @ue to odd effects)
and must be adjusted by lengthening or shortening one side until
the currents are opposite. Note carefully the final position of
the current maximum,

(2) Move up or down the line a quarter wavelength and measure current
minimum,

(3) Calculate the standing wave ratio.

(4) Obtain from the curves of Fig, 38 the length and position of the
matching stub required, choosing that type of stub (i.e. open or
closed) which can be fitted in closest to the aerial,

(5) Instel this stub.

(6) Check that the final standing wave ratio is less than 10% and re-
adjust the stub slightly if necessary.

'(ii) Quarter wave line matching (Fig. 39 (¢) ) can be used if
desired but it offers no substantial advantage over the method just des-
oribed, 'except that it may be possible to erect reasonably accurately
matched aerials by its use without the aid of a standing wave meter, but
similar results can be achieved more easily by the use of a folded wire
dipole,

Folded Wire Dipoles.

8 (i) Fig. 46 (a -~ ). A recent development in dipoles is the use
of a number of wires close together, fed in series, with the object of
raising the imput impedsnce and at the same time broadening the frequency
response, In Fig. 23 (b) it will be seen that the adjacent half wave
ourrents are in opposite directions, but if one half wave is bent round
until parallel with the other the currents will then flow in the same
direction, and since the wires are only a very small fraction of a wave-
length spart they may be regarded as one wire, having increased capacity
and lowered inductance per unit length, and as the two ends are at the .
same potential and have the same polarity there is no obJection to their
being Jjoined tegether, the serial thus forming a complete loop half a
wavelength long, fed on one side at the centre, as shown in Pig, 46 (a).
The polar diagrams and performance will be identical with those of a
single wire dipole, but & lerge change has taken place in the radiation
resistance.

(i) Depending on the actual radiation resistance (See Fig. L45)
which varies between 98 and 58 ochms, a single wire dipole fed with a current
of 1 ampere will radiate between 58 and 98 watts of power, but by folding
the wire into a complete loop this single ampere would flow in each wire,
and would thus make two contributions to the radiated field. The loop
would thus be equivalent to a single wire aerial fed with 2 amperes.

Since the power radiated is proportional to the resistance of the aerial
and to the square of the current (I4R); for the same current a folded
wire aerial would radiate four times as much power as a single wire aerial,
but as the current is stlll 1 ampere then the radiation resistance must be
increased by four times, i.e. to between 232 and 392 ohms,

(iii) In a similar mamer, the three wire aerial shown in Fig.
46(b) would have a radiation resistance 32, i.e. nine times that,of a
single wire aerial, Thus its rediation resistance, again depending on
height, will be between 522 and 892 ohms. A case of particular interest
when using this aerial is when it is erected half a wavelength above ground.
From Fig. 45 the radiation resistance is 68 ohms for a single wire dipole,
and so for the three wire dipole will be 612 ohms, This aerial could thus

be fed direc'i:ly with negligible mismatch from 600 ohm feeders.
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(iv) Pig. 46(c) shows another method of folding the wire. 1In
this arrangement a wavelength and a half of wire is doubled back on
itself from each end, so that the overall aerial length is three quarters
of a wavelength, but the loop instead of being closed is now in two halves,
Tracing the current distribution along this loop, it will be seen that in
some parts the currents flow-in opposite directions and consequently some
of the wire will not radiate any energy, due to cancellation from the
opposite wire,

(v) Thus, as might be expected the radiation resistance of this
aerial is less than that obtained from the three wire aerial., The actual
value is somewhere between 380 and 650 ohms depending, of course, on the
height above ground, It will be noted that both this aerial and the
three wire aerial have a total wire length of 1} wavelengths, and that the
difference in radiation resistance is due only to the arrangement of this
length, If the aerial in Fig, 46 (c) were to be shortened by pulling in
the direction of the arrows, then eventually when the indicated ends came
level with the folds it would be the three wire aerial of Fig. 46 (b), but
since in the initial position it has a radiation resistance between 380
and 650 ohms, and in the final arrangement a radiation resistance between
522 and 872 ohms, it follows that where a dipole is required at some height
above ground other than half a wavelength, then by experimenting with
the overall length of the dipole, while maintaining the total wire length
at 1% wavelengths (Fig. 46(d) ), it will be possible to adjust the radiation
resistance to a figure very close to 600 ohms and thus avoid the necessity
for stub matching,

(vi) At the same time as this simplicity of matching is achieved
the decreased charecteristic impedance of the folded aerial, caused-by the
increased capacity and lowered inductance per unit length, broadens the
tuning as in the cage aerial (paragraph 2). Thus an aerial of this type
may be used over a frequency band of + 7% on the optimum frequency, with-
out the standing waves produced by the mismatch at the aerial exceeding a
2 3 1 ratio. Owing to the broad frequency response characteristic the
resonant length of folded aerials is hard to determine, but initial experi-
ments with a half wave three wire serial at half a wavelength above ground
indicate that the resonant length of the aerial corresponds closely to
curve (a) in Fig. 41. The spacing between the wires is not critical and
insulators type 375 providing 6" spacing can be used, for frequencies above
10 m.c/s, and type 344 giving 10" spacing for frequencies below 10 m.c/s.
100 1lbs/mile wire should be used for the vertical feeders and the aerial
itself,

Kooman's Arrays.

9. (i) The schematic arrangement of a 2 bay 2 tier aerial is shown

in Fig. 26(a); this aerial is rather complex to rig and erect, as sus-
pension catenaries and the lengths of all elements and rigging wires must
be accurately calculated if the array is to hang correctly, The mathe-
matics of this work are quite difficult and beyond the scope of this
handbook, ' :

(i1) The aerial is generally matched by means of stubs and the
procedure for the 2 bay 2 tier aerial of Fig. 26(a) is as follows:-

(1) Measure the standing waves on the sections marked (a) (on a
4 bay aerial there will be four (a)'s)

(2) Prom the curves of Fig. 38(a) calculate the length and position
of the stub required using the scale of Fig, 38(b) to obtuin
the lengths in fect.

(3) Instal these stubs

(4) Measure the standing waves on the main feeder (b) (on a 4 bay
aerial there will be two (b)'s)
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(5) Calculate and install an open or closed stub as required to
match the feeder at this point. (On e 4 bay aeriel a further
stub is required at the Junction of two (b)'s)

(6) Check residual standing waves and if’ greater than 10% adjust
the stub as necessary to reduce them to below this figure.

(1ii) Matching can also be carried out using the quarter wave
matching lines discussed in Chapter 4, paregraph 7.

(iv) The length of the horizontal elements of this aerial is
fairly critical and difficult to determine precisely, owing to the
coupling to other elements and the proximity of rigeing wires etc.
When a reflecting curtein is used to make this aerial uni-directional,
the length of both driven and parasitic elements should be made the same,
and resonant lengths can be worked out from the appropriate curve of Fig.i1
The tuning of the parasitic elements can be carried out most easily by
bringing down an open wire line three quarters of a wavelength long from
the lowest elements, and by adjusting the shorting bar at the bottom of
the line to give maximum forward radiation. As the tuning of the reflec-
tors will react on the driven curtain, the above adjustments should be
carried out at low power before beginning the main matching described
above, Where a broad frequency band characteristic is required cage type
elements can be used suitably shortened to bring them into resonance as
described in paragraph 2, '

Sterba Arrays,

10, (i) with this type of aerial as shown in Fig, 26 (¢ - d) there is
only one feed point, and any mismatch at this point is removed by matching
stubs or quarter wave line, 1In Arctic climates where ice formation on
an aerial may render it wiserviceable, this aerial hss the advantage of
being a campletely closed loop, so that low frequency or direct currents
may be passed around the aerial to heat it and melt ice formation without
interfering with transmission on the operating freguency.

Franklin Uniform Aerial.

11, (i) 4s this aserial is an arrangement of vertical dipoles, mast

height will usually limit the number of folds possible to one or two.

The current distributions are shown schematically in Fig. 26(e) and
practical details in Fig. 46, It will be seen from Fig. 46 that the

first length from the feeder line is .75 wavelength, the top section

+625 wavelength, and that the fold is a quarter wavelength including the
oross pieces "b", which are usually about 1' long, used to connect the
fold. These lengths are electrical lengths i.e. the physical length of
the wire will be shorter than this, the amount depending on the frequency
and rigging, proportionate lengths should be calculated from the appropriate
curve of Fig. 40, but the percentage shrinkage for the .75 wavelength .
section should be taken from (c¢). This aerial provides an entirely
unbalanced load for the feeder system and so can be fed easily from coaxial
cable using a suitable matching transformer. With open wire lines,
however, a half wavelength phasing loop and an impedance matching stub must
be used to provide a matched and balanced load for the lines. The methods
of doing this are discussed in the next paragraph as they hold for all
unbalanced aerials.

Vertical Aerials,

12, (i) All these aerials provide an unbalanced load if fed from the
base, and as open wire transmission lines must be balanced for efficient
operation, arrangements must be made to epply the load to both feeders
equally, The method of doing this is shown diagrammatically in Fig. 48.
As mentioned in Chapter U when discussing transmission lines, conditions
on the line repeat at half wave intervals but with reversed sign, so that
a half wavelength of line or a single wire will act as a 1 3 1 transformer
with 180° phase angle between input and output, By connecting a half
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wavelength of wire folded back on itself for convenience and suppression
of radiation, between the point of connection of the aerial, and the
unconnected end of the feeder, the reversed voltage and the load at the
aerial point is reflected into the opposite feeder thus placing an equal
load on each line.

(ii) As it is unlikely that the aerial will be of the correct
radiation resistance for there to be no standing waves on the feeders,
it is necessary to use a matching stub as shown in Fig. 48, but the type
and position of the stub will depend upon the aerial being used. The
procedure to adopt when setting up an aerial fed in this manner is as
follows:~

(1) Measure the standing waves on both the main feeders and note
any difference in distance from the aerial of the curreint
maxima, Teking the current maximum on the aerial side of the
feeder as a fixed point, adjust the length Jf the phasing loop
until the current maximum on the other feeder is exactly oppo-
site,

(2) Measure the maximum and minimum values of the standing waves
and calculate the length and position from the current maximum
of a suitable stub,

(3) 1Install this stub and check that the standing waves are less
than 10%.

(&) Readjust the stub slightly as necessary to reduce standing
waves to this figure or below it,

Vertical Aerials Fed by Coaxial Cable,

13, (i) For all lengths of vertical aerials, except a quarter wave-
length (and possibly 3/4), some form of matching device will be necessary
to match low impedance coaxial cable to the aerial, but in the case of the
quarter wave, the natural impedance at the base of the aerial is 36 ohms
plus a few ohms of dead loss and earth resistance say 40 - 45 ohms in all.
Thus a coaxial cable of this impedance such as Uniredio No. 5 or Uniradio
No. 37 can be connected through a junction box type 12 (see Appendix B)
directly to the base of the aerial without any matching device. This
arrangement forms a very simple and convenient system for low and medium
power transmitters, and is used in the Service for providing many classes
of communication, The arrangement is shown diagrammatically in Fig.49
and the resonant length of the aerial as taken from curve (c) of Fig. 41
mst include the height of the support of the radial earth mat, Where
mast height limits the aerial the top may be turned over horigontally

for up to one third its length without the polar diagram becoming very
greatly distorted, but the lower section must remain vertical., If a
broad band characteristic is required then a quarter wave cage can be
used (paragraph 2) and the length taken frem curve (d) Fig. 34

Notes on Riggigg Aerials,

14, (i) The following list of notes gives the main points to be borne
in mind when rigging aerials,

(1) As far as possible avoid having any large pieces or long
lengths of metal anywhere in the neighbourhood of the aerial,
unless they are performing some electrical function, i.e.  take
an imaginary Xray view of the site and make certain that all
pieces of wire or-metal are doing essential work. Where steel
guys or triatics are necessary they should be broken up with
insulators at intervals of 12!

(2) Halyerds and triatics should, where possible, be maue of rope,

with suiteble counter weights attached, to allow for expansion
and contraction dus to changes in the weather.,
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(3) Where wooden masts are used on high power stations wire
halyards should be avoided, as there is the' possibility
that the wire length may be resonant at a frequency in use
and thus set the tower on fire, For the same reason
lightning conductors, if fitted, should be broken up into
12' lengths with a gap of about half an inch between the
lengths.

(4) Curve A of Fig. 50 provides information on the dip to be
ellowed when using single hard drawn copper wires over
varying lengths of span, and curve B the tension which
will be developed in wires of varying diameter when pulled
up to the dip shown by curve A. This tension specifies
the counter-weight required on the halyard of the aerial,
and holds for all arrangements of wire and rope etc. where
the full tension is at some point taken by the copper wire,
e.g. the counter-weight for a dipole with the top section
of 100 lbs/mile wire is 65 lbs. These curves are based on
an approximate safety factor of five, and the left hand
scale of curve B provides corrolation between wire diameter
S.W.G. number and weight in pounds per mile,

(5) Ensure that all insulators are capable of carrying the elec-
trical and mechanical stresses imposed on. them, and that the
rigging as a whole is as simple as possible,

(6) Do not neglect to grease pulleys before finally erecting
themn,

(7) The life of untarred rope can be greatly lengthened, and the

expansion and contraction with weather changes similarly
reduced by sosking the rope in old lubricating oil for 24 hours.
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APPENDIX "aA"

Interservice Radio Frequency Cables.

This list gives the interservices reference, pattern numbers,
and technical data of moat of the coaxial cable uged by the Services,

The cables are divided into two Categories 1 and 2. Category 1
cables should be used wherever possible. Category 2 cables are subject
to certain restrictions e.g. supply difficulties, special applications,
unsuitability of design etc., but may be used when no suitable cable
can be found in Category 1. Cables not listed in either of these groups
should not be demanded without reference to high authority.

The responsible authoritiea are as follows:-
hinistry of Supply.
Controller of Physical Research and Signals Developments,

Iron Trades House,
Grosvenor Place, S.W.1.

Adnirelt 2 °

Admiralty Signals Establishment.
¢/o . P, O., LONDON,

Ministry of aircraft Production. -

Director of Communications Development,
Thames House,
Millbank’ S.WQ1.

The following Re.A.}'s cables have been superseded.

Unilocapmet. No. 1 5E/2032 by Uniradio No. 18

" " 2 58/2057 has no direct replacement but is
approximately equivalent to Uniradio No.18
3 5B/2070 ) (Uniradio No. 4 '
b /2046 ) PY (Uniradio No. 5
5 5/2058 by Uniradio No. 6

"
"

2 2 =3

Dulocapmet " 1 58/2033 by Duradio No. 20
" " 2 58/2045 by Duradio No, 14
" " 3 58/2050 has no direct replacement but is approxi-

mately equivalent to Duradic No. 28 5E/2228
and no difficulty should erise if the latter
is dsed.

A8 will be seen from- the list there is no apparent difference between

Uniradio Nos., 4 and 5, but No. 4 has a pure Polythene core and as polythene
is in short supply, Uniradio No. 5 should be used for normal purposes,

—bo-—



INTERSERVICE RADIO FRE JUSNCY CA@LES.
|

& r L oo YL A AT

|
Iype No,of Army | Naval {R.A,F, | Zo ohms, Relative Losio Capa= Inner Guter Conductor Outer Overall
Service Type { Patt. |Stores Wave db/100 " | city Dielectric {Ccnductor Covering Dia. | REMARKS
Cable, Ref., No. Ref, Min, |liax. Velocity |5 mc/s. | pB/ft. Description Imfer Tnches, |
) Min. |ilax. nal
CATAGORY 1. ZC~ 58/
Un.radio No.1 93981 1 3801_ 2201 70 30 | «65 | .09 Colr 21 Solid 1/0,056" | L ¢, W.Braia {o33" | Vinyl resin oU45 | Flexible,
Mo.2 | 9400 | 13802 | 2202 | 70 | 80 | .65 }.69 | 0.k 21 | solid 1,/0, 056" Lead sheath
Sheath «33" | Served 65 |iore stable characteristics than
Noe3 | 9402 | 13303 | 2203 70 80 | +65 |.69 Ou b 21 Solid 1/0,056" [Lead sheath [433" | Steel wire o945 | Armmoured type Uniradio 2.
armouring
Nook | 9396 | 13804 | 220L4 43 50 | «65 | .69 Og0 35 Solid 7/0.032" |'7,C,W,Braid {.285" | Vinyl resin +4H0 {Ilexible.
! sheath
No.5 | 9397 | 13805 | 2205 39 50 0.6 37 Solia 7/0,032" |1,C,%,Braid |.285" Do, «405 | Similar to Uniradio ijo.4 but
less stringent specification.
No.8 | 9404 | 13808 | 2208 95 107 | <94 |.98 Co 1l 10 2ir. Discs | 1/0.128" [Lead Sheath |.75" | Steel tape 1.39 |Very low loss
at intervals) armouring
No.9 | 940F | 13809 | 2209 70 80 002 14 Do. 1/0,103" |Copper stripé. 375" | Lead covered 1,13 }Very low loss cable - mecnanic-
) & steel tape & armoured., ally stirong.
No.101! 94031 13810 | 221C 6L 78 0.15 Solid 1/0.144" {Lead sheath |,80" | Served 1025
1i0. 21| 9399 | 13821 | 2221 72 77 | .65 .69 21 Solid 1/0.056" |2, 0, W, Braid {,33" | Vinyl resin o45 |iore strin.ent specification
d . sheath than Uniradio 1,
Noo2L | 9420 ] 13824 | 2221 70 80 002 14 Air, Discs | 1/0,103" |Copper stripg,375" | Lead «65 |Unarmoured Uniradio No.9
at intervals, & steel tape
No.25| 9401 | 13825 | 2225 70 80 ] .65 |469 Oolp 21 Solid 1/0,056" |Lead Sheath |,35" | None 45 |Unserved Uniradio ij0.2
No. 31 13831 | 2231 90 100 0055 Solid 2.C.W,Braid {.29" | Vinyl resin +40 |Low capacity.
sheath
NOe 32 13832 | 2232 67 77 163 Solid 1/0,022" I7,C,W.Breid |, 128" | Vinyl resin 023 |Smallest solid uielectric
sheath cable
Noe 33 13833 | 2233 67 77 103 Solid 1/0.022" [Lead Sheath |, 128" |Lead Sheath - 188"
&
Noe 37 13837 | 2237 39 50 | .65 |.69 0.6 37 Solid 7/.032" jLead Sheath [.285" | Served » 61
Duradio No.13 | 9411 }13813 | 2213 88 J102 | .64 }.69 0.5 22 Solid 7/0.,032" |Lead Sheath [,475" | Served 2815 |High characteristic stability.
Noo26 | 9L07 ] 13826 | 2226 93 1105 | o6L | .69 101 16 Solid 1/0,029" |Lead Sheath {[.168" | None .28 |Thicker sheath and unserved
Duradio 16,
No.29 | 9426 13829 § 2229 120 | 150 | «64 | .69 0.5 11 | Solid 7/0.032 |None 58 None «58 |t™win for use where screening
not desirable,
No.30 | 94271 13830 | 2230 {115 | 145 | .64 | .69 0.7 12 Solid 7/0.022" [None o 4O None «40 |A smaller typeDuradioc No.29




APPENDTIX

A" (Cont, )

ryve No, of Arny jNaval |R,A,F, | Z, ohms, Relative Loss Capa~ Inner Outer Conductor Outer Overall
Service Type {Patt, }Stores Wave db/100 |city Dielectric |Conductor Covering Dia, | REMARKS
Cable, Ref, | No, Ref, [lidn, {¥ax. | Velocity |5 mc/s. |pF/ft. Description |Inner Inches,
1dn, | ifax. Dia. ‘
CATHGORY 2. Zc- 58/
Uniradio No. 6 | 941k 113806 | 2206 90 }110 0,22 13 Spiral thresd| 1/0,036" |7.C,W,Braid | .25" | Vinyl «365 ' {Flexible = low capacity.
in tube. ' resin sheath
No. 7 | 9418 113807 | 2207 {102 {118 }1.89 .95 0:15 10 Air, Discs injy 1/0,128%" |Copper tapes | .88" [#flexible » {Flexible - low loss -
insulating aterproof, 1014 . Ylow capacity.
) , tube. . |
No.17 | 9417 }13817 | 2217 63 77 4.65 .68 0.2 22 Solid 7/0.048" {1,C.W,Braid 8" [Vinyl resin| 1.00 Similar to Uniradio No.10 -
sheath } to be used only when cable
| frequires to be twisted,
No,13 | 9415 13818 | 2218 73 81 0.45 13 Finsof Star 7/0.,022" |7,C,V,Braid «H3" Mexible .45 | {Flexible, Cheaper and lower
section in aterproof quality
tube,
No.19 | 9416 |13819 | 2219 73 8l 0.45 18 Fins of Star | 7/0,022" |=7,C,W,Braid 0 33" iNone «360 }Unsheathed Uniredio ijo.18
section in
tube |
No.23 | 9416 13323 | 2223 70 80 0.2 14 Air, Discas at{ 1/0.056" |Lead sheath 055N Steel tape] 1.19 ' INot so Strong as Uniradio 10.9
intervals, ' armouring ' Jotherwise can be used in lieu,
No.27 | 9424 | 13827 | 2227 70 80 0.2 14 Air, Discs at| 1/0.155" |lLead sheath 55" | None 710" |Unarmoured No.23 type.
intervals !
- \
|
I
|
Duradic No.11 | 9409 | 13811 | 2211 88 102 |.64 |.69 0.5 16 Solid 7/0,032" |T.C,W,Braid o4475" Vinyl resin «62  IFlexible high voltage twin,
' sheath E
No.12] 9410} 13812 | 2212 80 102 0. 65 20 Solid 7/0.032" {T,C, W, Braid o 475" (Vinyl resin « 62 ; Less stringent specification
sheath | than Duradio Ho.11
No.16] 9406 | 13816 | 2216 93 1103 | .64 | +69 1s1 16 Solid 1/0,029" |Lead Sheath »168" [Lapping of «265' {Smellest twin cable,
impregnated !
cotton
No.20| 9421 | 13820 | 2220 ]135 | 165 0.8 9 Fins of Star | 7/0,022% |T,C.W,Braid «65" [Flexible 77 Flexible, low capacity. Use
section in waterproof not encouraged..
tube
No.28| 5425 | 13828 | 2228 93 103 | .64 | .69 101 16 Solid 1/0,029" |7T,C, W, Braid »168" [Flexible 0290 |Flexible twin.
waterproof
NOTES.
T,C.W. = tinned copper wire
P,C.W, = plain copper wire
All inner conductors are P,C,W,
Dimensions and number of
strands are shown under
heading "Inner Conductor".
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APPENDIX B

|

TYPE 2

REF.No. 10A/11551.

RANGE :Za: - I‘:)} MC/S TRANSMITTING OR RECEIVING

USED TO MATCH '/4 A VERTICAL AERJAL TO 75a COAXIAL CABLE. CAPABLE
OF HANDLING UP TO 500 WATTS.

!
|
5

THEORETICAL DIAGRAM

AERIAL ‘ ;

2 -4.5MC/S CONNECT BRC
3.5-10 MC/S AS SHOWN
B ,Ct C1~--0004 MFD.
NE ° i [ C2--0003 MFD.
L C ,C2
———o i nd
TYPE 7

REF. No. IOA/IIQBI. RANGE 8—17 MC/s TRANSMITTING OR RECEIVING

] .
USED TO MATCH A 74 X VERTICAL AERIAL TO 75a COAXIAL CABLE. CAPABLE
OF HANDLING UP TO 500 WATTS.

THEORETICAL DIAGRAM :

AERIAL

ci C1 — 000! MFD
LINE .

TYPE I8
REF. No.I0A/12368.

RANGE 16— 500KC/S RECEPTION ONLY

USED TO MATCH LOW FREQUENCY AERIALS TO 75a COAXIAL CABLES

THEORETICAL DIAGRAM

—-f— AERIAL

LiINE —

St

RAF PATTERN MQTCHING UNITS .

JYPEI9 |

RECEPTION {ONLY

[
|

. |
ULSED TO MATCH 75 COAXIAL CABLE INTO A RECEIVER HAVING A HIGH

REF. No. I0A/12369 RANGE (6 — 500 KC/S

_INPUT IMPEDANCE AT LOW FREQUENCY — (€. R1084.

THEORETICAL DIAGRAM E

LINE —3w—

Si

. ' - RECEIVER

f

.g”.

REF. No. I0A/12500 RANGE 2:5— 20 MC/S RECEPTION ONLY

USED TO MATCH 600, BALANCED LINES (1.e. OPEN WIRE FEEDERS) TO
75n COAXIAL CABLE. .

THEORETICAL DIAGRAM

»— 75 COAXIAL CABLE

£

=c2

. Jl:“\QQfﬁQf‘Jl__a

C1— 125 MMFD
C2— 75 MMFD

600.n.
OPEN WIRE FEEDERS

TYPE 3
REF. No.I0A/11750. RANGE 5—20MC/S. OBSOLETE. REPLACED BY TYPE 68

TYPE IO

]

RENDERED REDUNDANT BY THE INTRODUCTION OF THE THREE WIRE DIPOLE
(AIR MINISTRY DRAWING No.WT 50346) WHICH ALLOWS 600 FEEDERS TO BE
FED DIRECT INTO THE AERIAL

il

TYPE 1]

REF. No.10A/12147. RANGE 5—20MC/S. NOT IN PRODUCTION. 300 BALANCED
LINES INTO 75 COAXIAL CABLE.




APPENDIX "C"

R.A.F., Pattern Junction Boxeé.

Type 3. Reference 104/11552 Indoor Use,

Providing straight through connection through a sleeve adaptor
(104/11549) to a socket type %8 (104/11559)

A 4" square wall mounting, cast brass box, fitted with one sleeve
adaptor and one socket type 68. The aerial is terminated, via the
coaxial cable, at the box, and flexibility is achieved by allowing any
medium power transmitter, or receiver, to be plugged into the socket
type 68.

This single unit is now superseded by the type 3 distribution box.

Type 5. Reference 104/11858 Indoor Use.

Providing a means of feeding the output from transmitters of not
more than 2.5 amps current output into coaxial cable.

A 4" square cast brass box, with mounting strip, incorporating
two insulators type 48, one socket type 68 and a O - 2.5 thermo-ammeter.

The transmitter output may be connected to either of the insulators
type 48 and the unit mounted in a convenient position on the transmitter.

Type 12, , Reference 104/12142 Outdoor use.

Providing straight through connection through a sleeve adaptor
to an insulator type 48.

A 4" square cast brass box, designed for mounting on to the support
of the radial earth type 4, a vertical quarter wave aerial terminating
on the insulator type L8.

Type 13. Reference 104/12652 Indoor Use.

Providing facilities for feeding three receivers from one aerial,

A 4" cast brass box fitted with three sockets type 68 and one sleeéve
adaptor, and provided with a plate for wall mounting.

Type 16. Reference 1Q04/12188 Indoor Use.

Providing straight through connection from a socket type 68 to
an insulator type 48.

A 4" cast brass box fitted with an insulator type 48 and a socket
type 68, and provides a means of feeding the output of medium power trans-
mitters into coaxial feeders.

Similar to the type 5 - but without the thermo-ammeter.

Distribution Boxes.

Type 3 . Reference 104/12652 Indoor use.

Provides five coaxiel input channels (gleeve adaptors 104/11549)
and five coaxial output channels (sockets type 56) in a single unit,

A mild steel box and 1id, zinc sprayed, with the five adaptors
mounted in line at right angles to the five sockets type 56, and designed
for wall mounting, This allows any one of the five inputs to be fed to
any one of five units - transmitters or receivers,

- ‘4_‘-



Mountings.
Type 95, Reference 104/12686

Used in conjunction with distribution box type 3 at receiving
sites.

A mild steel plate, zinc sprayed, with five sockets type 68
mounted on it., This unit replaces the 1lid normally supplied with the
box, and provides outlets to two receivers from each aerial input,
i.e. ten receivers from five aerials,

For method of terminating small lead shesthed coaxial cable in
sleeve adaptors see drawing W.T. 50502 and for flexible cable see

Plugs,

Type 160 Reference 10H/183.

Used for terminating flexible coaxial cable. This plug fits
on the end of Uniradio No. 5 and other coaxial cables of similar size.
It plugs into the socket type 56 or 68 mounted on the Distribution
and Junction boxes above and also into the inmput sockets on Receivers
such as the R.1084 or R.1188.,

Type 161. Reference 10H/18.

Similar to type 160 but has a 90° elbow bend,

,.65'_



REAIRUICY WO, . -
Insulators Type 1_. 163/24.65 - 4" hi_h corrugated white éo’rceiain‘ withuare uetal Base. Used for indoor spacing of oF transmis.ion lines,
317, 10B/13284 As Tor lyoe 1. ilechanically stror. than Tyoe 1.
5. 10B/1871 Foonite lea.~-in tyoe screw 1.1011&133'.113.. Lor receivers or low power transwitaex: leacs-in.
B, 108/7375 rorcelain cor;'ut,eq.ted lead-in, For with all vower ratincs up to 5 k.w,
S 10 /7015 Fbonite link type - larce )
. Sma, nd medium size aerials.
9. 108/1275 dbonite link type - small §
17. 108/5097 ll’yrex glass type corrugated 3 " lonz rial Strain type'wit'n holes at each end 3" cehtre
13. 108/7652 " oo " | VAR " " " " n ~n nooon 6" cehtre
s0. | 10m/11479 moowTw o aam e w W Wm0 contre
19, 108/9010 Pomella.if_l type with large "skirts". Inted o'n cross arms of feeder poles to carry open wire feeder lines.
316, 1053/13283 Is isechanically };nterche&ge;a.ble with"t 19 - but has corz-ugg_tio;m in lieu of "skirt" an@ therefore nay be
; d with o" spaced lines, :
21, 103/9115 ™wo type 20 insulators mounted on metianel, Large hollow conical lead-in tyve for all powers.
4G, 108/6 5mali brown ;lazed porcelain, . |
. ' : Used to break up aerisl stays or light triatics.
K. 108/11429 large " ' " iZ" long _
60, 108/100 5mell white.glazed egg shapea, Do.
228, 15B/572 Forcelain ep_ shaped 1;;-"11611;.
10k 10B/243 Porcelain barrel type 13" i‘png’
103, 108/242 wooow e 25" 131'18 '"lout holes - also used to break up stays - guys =- anu triatics,
102, 108/24 " " " 5." long )
( | 285 10B/13196 8" Porcelain rod with small brass P‘ﬂy{s at both ends. lay be used on feeder lines.
Marconi .type ’ g 115, 10B/262 8" Porecelain rod with 3%“ éerom rin;  For m_'gn power aerials.
strain ( 320. 108/13239 « 12" rorcelain rbd with LE" Coron& Tii,  Yor nigh vower aerials,
insulaﬁqrs. % 286, 10B/13197 12" Porcelain rod with 35" Corona rig, For nich power aerials,
( 287. 10B/43198 42" corcelain rod without Corona rin For nish vower aerials.
48, 10B/156 Feeder line spacing insulator with, ijnoles at o" centres. Superseded by tyve 375.
3hdie 10B/891 Feeder line spacing insulator 10" -‘é:.ng - i,e. fOI; use with 300 1b/silc wire.
375, 10B/1194 M " N " " "o " 100 1b/uile "
‘urnbuckles or strain :
T adjusters. 4 De of i, item - generally acquired Local Purchase Order.
Shackles 5" or 3/8" - also aC.‘-lUiréd by LJP-"QB required.
Rulldeo Griis. For making fast tne ends of wire 31'0131' L.P, 0. action as rejuired,
rulley 3locks, 4L/537 Single's}uea.‘th general purpose block wt, load. ) For use wilh he.p or wire rope up to 4nd including 1" cf
LL/535 Double’ sheave general purpose blogk wt, loed., ) _ E
dire = Copper 10}3/1,_531 R.6 3 strands 20 swg ené.x:na;led. r temporary or mobile low power aerials. ‘
5.5/1775 100 1b/nile single plain bard dre. v per wire, ior aerials anu short distance feeders. |
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REFERENCE NO.

ESCRIPTION AND  REMARKS

Wire - Copper
Wire -~ Galvanised Iron

Thimbles
Open galvanised
it n

Non corrodible steel

Junction Splays

Spreaders Type 4
" 38
" 5
n ' 9
" 10
Mats Barth
Type 1
1 4
" 7
Cordage Manilla
Sisal
Cord , Kite
Masts, Type 23
Terminal  Type 13.

5E/1773
58/1772
29/2069
29/2071

29/2072
29/2073

1 :)G/ 296
16G/297
280/6069
28¢/6072
2BC/6074
104/12794
10B/195
10B/1210
10B/196
10B/6638

10B/173
10B/54

10B/4:151
1 OB/ 11775
10B/445
10B/6004
Yok
324/52
324/54

" 324/15
324/16
324/17
324/19
324/7
108/442
10B/5999
10B/10603

104/196

200 1b/mile single plain hard drawn covper . )
300 1b/mile single plain hard drawn copper . )
z" circum flexible wire rope 18 cwt. breakitrain,
4" circum flexible wire rope 38 cwt. breaki train.
1" circum flexible wire rope 60 cwt, breakitrain.
15" circum flexible wire rope 96 cwt, breaki train.

For use with 1" circum. rope or wire.
For use with 14" circum. rope or wire.

For use with -1%-"" circum, ropg or wire.

For use with ;" circum. rope or wire.
Ror use with 1" circum. rope or wire,

For long feeder lines and high power

'~

For guys, triatics or halyards.

- [
Tinned brass "T" joint for Jointing matchirtubs to feeder lines etc,

10! ateel with a shackle at each end,
9! steel with 4 shackles at each ena,
20! long steel with 5 shackles.

5t long hollow spar.

5" diem, circular aluminium s. -eaders.
10" diam. circular aluminiym spr ‘- lers.

Copper earth sheet,

Uson Rhombic transmitting aerials,

Yfor making cage aerials.

Radial earth of 18, 14 s.w.g. copper wireszh 30! long.

Portable radial earth,
Galvanised open wire mesh 15' long 3' wide

Hewser laid
Hawser laid
Haweser laid
Hawser laid

1" circum,
13" circum,
2"  circum,
3" circum,

Hawser laid and tarred.
Hawser laid and tarred.
Hawser laid and tarred.
Hawser laid and tarred.

1" circum,
15" circum,
2" circum,
3" circum.

12 02z/30 Fathons.

78! tubular steel with 3 cigar shaped secms, 250 lbs., Horizontal head load.

70! Tubular Steel, Tubular Section mechically weaker than type 23

27'6" Bakelite Tubular.

Used for terminating flexible coaxial cal, provides a screw terminal for comnecting aerial wire anu metal body, connected

to outer conductor of cable, which fits i31ip on earth nat type 7.

K S

i

i

i
aer:}als.

18 flexible wires h 30' with winding spools mounted in box. Clip connection for terminal Type 13.

|
1

The sections K inside one another for transportation, and used mainly for receiving aerials.



"

olleatio or W, of nterest

w.T. 50502

24011
23852

50495
50346

50191
50457

50467
50477
50465
50554

505317
50496
50542
0105

Termination of unarmoured lead sheathed ocoaxial
cables (small)

Typical Jointing of coaxial cables (flexible)

Termination of flexible coaxial cables in Matching
Units and Junction Boxes.

Meter for measuring standing waves. General
arrangements and details.

Aerial dipole half-ware three-wire receiving station,
Aerisl arrays. Matching details,

Typical installetion of Matching details for vertical
rexote aerials (1/8 - 5/8 wavelength)

Typical installation and matching details for vertical
half wave aerial with reflector.

Typical installation and matching details of var%ioal
quarter wave aerial with reflsctor,

Earthed system for vertical ter wave asrial with
reflectors, range 3 - 20 m,

Aerial Pishbone, 10 element (suspended between four
poles). General arrangement,

Aerial Fishbone, Rigging details standard.
Aerial Rhombic four-wire transmitting standerd.
Switch Box for reversing direction of Rhombic Asrial.

Ground station equipment. Installation details.
Four sheets.

Aerial change~over system for 600 chm open wire feeders.
Typical installations.

-68-
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2 INSULATORS
TYPE 19 (REF o)

2 x%'FLAT BAR
A S GALVANISED

2 PIECES STEAM
TUBING 34" DIA
GALVANISED

0 8/9010)

SETTING IN CONCRETE
SCALE — /a

ENDS SLIT & SPLAYED FOR GROUTING INTO WALL

MOUNTING FOR 2 INSULATORS TYPE /9 FOR

@

-

210"

134"
2

2 BATTENS @'

\REMOVE S‘I/JARP EDGES

s

be UNLESS OTHERWISE SPECIFIED

ﬂ
s —
i

ON INSTALLATION COMPLETE

SEE /NSTALLATION COMPLETE
"‘ b /SU/TABLY CAPPED
'D‘) 2 INSULATORS TYPE 19

REF N° 10 8/9010

WOOD CROSSARM
3°x 3'x 18" CREQSQTED
RECESSED o% INTO

OLE & B

-

\

PnSITION OF 3Rp.
CROSSARM /F

17

L ON POLE

| POLE, A M LIGHT TYPE

/6 £7 CREQSOTED UNLESS
OTHERWISE SPECIFIED ON
INSTALLATION COMPLETE

PLAN SEE

ITEM

FOR RELAT! VE
POSIFIONS OF
CROSSARMS IN

INSTALLATION
COMPLETE

ALl
OTHER DETAILS
AS SHQW ON

S S

%_C__OMPLE 7E

'U~ CALLED FOR ON
I INSTALLATION)|

/ .

s
BATTEN 2%
&g x22g

INTER- STATION

INS TALLED 8Y
- +‘_‘ —t
FROM DOFW

CABLE ———-
6 PO ON
\ ‘

le TERMINATION l
INSTRUCTION™ |
BATTEN 12°%x%

>~
2Le”.
(arPPROX)

EARTHENWARE

PIPE FOR

LOCATION SEE
IBUILDING LAYOUT .

FLDOR LEVEL

A

BLOCK, WOODEN

70, BE MADE FROM
WOOD ON SITE
SCALE:- Ifp

POLE POLE
FOR 1 PAIR OF LINES FOR 2 OR 3 PAIRS OF
P LINES
SCALE - Y, Scae-J
T — or¥G
e ! AN
] ] 4 whr I R
<O N
o woLEs 752 oia !
CSK FOR NeiO ~ |
WOODSCREWS + - I 2 WOLES 152" DiA
Lgl— CSK FOR NO6

WOODSCREWS

PLA TE, TERMINAL

O BE MADE FROM

COPPER OR BRASS STRIP
'B' CALLE%FO’V ON BUILDING LA}

£ %

BRASS SCREW,

A
(08 & wiT)x ¥ 7O
(4 LONE ALSO3

ASHERS & 1 SPRIN
WASHER TO SUIT

ITE

CSK H,

e
A FIXED TO WaLL w;m

L]

B’ £ixED wiTs 2 .
WOODSCREWS N° 6 x%

METHOD OF TERMINATING EARTH STRIP
USING BLOCH, WODOEN

[
|8aTrEN 6% Ex % t/'
e ADE UPON SITE //
7 | ECUREDk'fi/ waLL \
3 WiTH Coi Wosc
- W% |
4
b iz
7eMfD) B’ FixeD roie % Dia DRILLED
WITH 2 WOODSCRE IN BATTEN AS
/ 6 X3¢ CSKHD CLEARANCE
EW
""" ;
FOR DETAILS OF £/XING
\ SEE ITEM
BATTEN O'x3xH
MAOE UPON SITE
6" approx | sECuRreo TO WaiL
ABOVE WITH C'SK WDSC5 slor
FLOOR ABOVE
FLOOR
COPPER STRIP OS W6 X2"
CONNECTED 70 ENCIRCLING
EARTH SYSTEM OR EARTH
PLATE
ENCIRCLING 3
ARTH SYSTEM
~ '

SCALE

%

METHOO OF TERMINATING EARTH STRIP
WHEN SWITCH TYPE 6 OR LIGHTNING
ARRESTOR 15 USED

scace - Y

@

.

4

ASSEMBLY OF BATTENS FOR
MOUNTING DISTRIBUTION BOX

SCALE - /6

OF

PROVIDED

45 D PORCELAIN 818 TAP
AT /8"(APPRoxg ABOYE SINK

WITH SUITABLE SPLASH
ACID-RESISTING MATERIAL

WATER SUPPLY TO BE

GUARD

30" ABovE
FLOOR LEVEL

TAKEN

LEAD TACK
ON BLock

y
14 LEAD WASTE PIPE,
BELL-~-MDUTHED IN

SINK & NOT TRAPPED

THROUGH WALL

TO DISCHARGE UNDER
GRATING OF GULLY

FRAMEWORK OF SINK TO BE OF /}4" DEAL
OR TEAK 7O SUIT LOCAL CONDITIONS,
PROTECTED WITH LEAD COVERING OR

ANTI-SULPHURIC PAINT

DEAL OR TEAK

Esupponr 266x 14

co/vp/r/oys)

X3 TEE IRON BULT
INTO WALLTDASUITABLE
DEPTH & SCREWED 70
INK,

COPPER STRIP N0 20 SwG x 2"

ITEM
/ 2 WOODSCREWS NO 10 C5K HD

ITEM

" FIXED TO WALL WITH

" FIXED WITH 2
WOODSCREWS NO6 x-iﬁ CSK HD

P "
8RASS SCREW 0 B A(or X veu) x % TO 1% LoNG ALso
3 WASHERS AND ONE SPRING

WASHER TO SUIT

NO 8 SWG COPPER

FITTED BY
WT FITTING
PARTY

70 B LinED WiTh %18
SHEET LEAD; LINING TO BE
TURNED OYER TOP AND
SECURED WITH COPPER

NAILS
ALL SEAMS LEAD BURNED

SINK, COMPLETE, FOR BATTERY ROOM

7 % gt W\4 BOLTS R NUTS

NOTE - FINISH OF ALL METAL PARTS TO BE ACID-RESISTING

SCALE - /5

CONNECTED TO ENCIRCLING
EARTH SYSTEM

% oid conourr
OR SUITABLE
EQUIVALENT
LOCATED ON
BUILDING LAYOUT

METHQD OF TERMINATING EARTH STRIP WHEN

INTERNAL CCNNECTIONS ARE RUN IN CONDUIT

DUCT WITH

COVER
REMOVYED

scae - %,

&)

GROUND STATION EQUIPMENT

INSTALLATION

DETAILS
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COPPER STRIPS I'x % LOCATED ON BUILDING LAYOUT &

CONNECTED TO ENCIRTLING EARTH SYSTEN:

ﬁ

]

iR

BONDED WiTH I"x %"
COPPER, BRAZED OR
WELDED APPROX IN
POSITIONS SHOWN
IF RIVETED, COPPER

RIVETS MUST BE U%DI

adoncas

pucT A

3* CONCRETE
PLINTH

METHOD OF INSTALLING MACHINERY EARTH STRIPS FOR HIGH POWER SHORT WAVE

A

Vel
3FT SPARE ALLOWED
ON EACH STRIP
INSIDE BRANCH DUCT

TRANSMITTERS

15

‘}\ WALL OF BUILDING

HOLE THROUGH PLINTH
JNDICATED THUS
IN PLAN

WALL OF
SECTION AA BUILDING

NOT 7O SCALE

u

WQOOD COVER WITH
FACILITY FOR LIFTING

/
=17

.

z

7

T

| NOTE
a

SumpP

/4’ YELLOW DEAL FLOOR
(USE TEAK FOR OVERSEAS STATIONS)

TYFE IDIMENS 10!
OF pUCT X_TY (M)}
A 87 ioF
8 27 o]
C ez ]

STANDARD MAIN DUCTING
NOT TO SCALE

FLOOR OF DUCT
TO HAVE A FALL
OF "IN IOFT TO

4 EARTH STRIPS
INSTALLED TO
DETAIL 24

FOR SIZES OF DUCTS

& LOCATION SEE

AUILDING LAY OYT
~

~

n
Z

IV PLAN

X UNLESS INOICATED

OTHERW/SE ON

Loas
bucr

HoLES /N P&/Nfﬂ[ e~/
INDICATED THUS | TBR,

2L6x

r“&ﬁ!

-

UC
o BET . gig

¥
P 401«

f
scatE ~ Y = sFoor

2RANCH !
oucT

2152

—

3CONCRETE PLINTH

DEPTH OF BRANCH DUCTS TO BE /0" BELOW FLOOR LEVEL

DETAILS OF PLINTH & ASSOC/ATED DUCTING FOR SWB8BE
TRANSMITTER 3r0 DESIEN (2 UNIT)

Q)

BUILDING LAYOUT

I /SSUE é

4

INDICATED THUS
7, IN PLAN

HOLES /N PLINTH

% UNLESS

INDICATED CTHERW/SE

ON BU/ILDING LAYOUT

’»TJ

3rcowcrere |3t

PLINTH L

o4

BRANCH
oucr |
262,

A X
FEARTH STRIPS la—. 7on o P
INSTALLED TO, o o
L2 S = .
i
BonvonG . 1
= T
g 1 i
I
U h
5 - 1

2

=

DEPTH OF BRANCH DUCTS TO BE /0" BELOW FLOOR LEVEL

FOR SIZES OF DUCTS &
OCATION SEE BULDING
/uyaur

SUITABLE BR/IODGE &
COVERS TO BE MADE
ON SITE & FITTED

AFTER /NSTALLAT/ON

1

EARTH STRIPS
SECT/ION 44

DETAILS OF PLINTH & ASSOCIATED DUCTING FOR SWB B TRANSMITTER

340 DESIGN (2 UNIT) EXHAUST AR COOLED

ScaLE .- /4"« s roor

@

X UNLESS INDICATED
OTHERW/SE ON
BUILDING LAY OUT

EARTH STRIPS

HOLES /N PLINTH
INDICATED THYS
N PLAN

EARTH STRIP

£

FLOOR LEVEL

27-0"

DETAILS OF PLINTH & ASSOCIATED ODUCTING FOR SWB/C AMAPLIF/ER

ScALs.~ Y4 = 7 FoOT

|
4

it
?"<~L SECTION BB x| SECTION AA
i 573 — 26-3 -
FoOR $12£5 0F DUCTS | —2 1 FOR S/ZES OF
& LOCATION SEE sowvoive [ DUCTS & LOCAT/ON |
AUILDING LAY u‘r\ 1 ; ! ! SEE BUILGING uyaurf—A 7 EARTH STRIAS
Lo - i INSTALLED TO
b Z T \ ; DETAIL 2/
= IL%_ pp——— 2o, ! 1 : !
1l t i 3 miiaidl kil il -
e TS 1 : 1
J 3 gqg—‘ A = e PEEPERCEEL S =
5§ _ - 7 i I [ In3 i !
w3 §* o H I8T o
S T X . 334
< 3R sy e sy N
| l k}“‘& L3 «
+ | "o ! I 37% Il b
T | 17 < R | '
!
T
| | amd | 1 3CONCRETE PLINTH
DEPTH OF BRANCH DUCTS ﬁ | .
70 BE /27 BELOW . PP ot g » ,,,‘ A 'i g5 td’

2

X UNLESS IND/CATED OTHERW/ISE

ON BUILOING LAYOUT

P

HOLES IN PLINTH
INDICATED THUS

FOR S/ZES OF DUCTS &
LOCATION SEE RUILDING

\BELOW FLOOR LEVEL

7 IN PLAN AvouT
: ; 7
~/ 64 /8-0" G EARTH STRIPS
INSTALLED TO
| _Je' r BONOING / DETAIL 2/
3 i ininalinl Suiuiniiniaiait L)
: o = —— s
o f
e T & R
5_‘3 L % ¥ 3 N ' wa
B ccics SRS 1 dccol L
i g 7 H]
S L .2
BRANCKH
|DEPTH OF BRANCH | pucr | & & A" | FCONCRETE PLINTH
loUCTs 70 A£ /C '1 m: s

s
i

DETAILS OF PLINTN & ASSCCIATED D(?CT//VG FOR SWSB B TRANSMITTER Z2wo DES/IGN
4 uNIT)

21w
‘F——‘-/o'-———-l»ze' &-3*
U i

e
]

.
ScaiE .~ & < 1 FooT

SUITABLE ARIDGE &
COVERS 70 BE MALE
oN SITE & FITTED
TI0N
!

AFTER /NSTALLA

EARTH STRIPS
d SECTION AA

ﬁ HOLES IN AL
'/

IN PLAN

DETAILS, OF PLINTH & ASSOCIATED DUCTING FOR SWAB 8 TRANSMITTER 2Np DES/GN(4UN/7'

INTH

IND/ICATED THUS

FOR SI1Z&S

OF DUCTS & LOCAT/ON

SEE BUILDING rAavouT

X UNLESS IND/CATED OTHERW/SE
ON BUJLDING LAYOUT

"
T DEPTH OF BRANCH
\DUCTS TO BE /0*
BELOW FLOOR

€ £ARTH STRIAS
DETAIL &7

\ }.X—z’;‘j X g 6
| R
I
e BONDI/ING I
:
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frre S T L
33 T S 2
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b I - Ly 1
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A
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SCALE ~ /&"= /| £0OT.
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MAY BE ADJUSTED YO ST

s, T LocaL comdrrions

6’x 30" SURROUND SECURED
TO FRAME A WALL

INSULATOR AS DETAILED

*| wr 50432 secumcoTo

FRAME BY 8-No. i2 431G WO,

SCREWS. RY N INSTALLED BY
FITTING PARYY,

e
FRAME

Z

4

R

L

4 A
<
TR
\
{]

|
o

T
i 57

|
[P,

SESSNR AR T AN

SUITABLE STOP
FOR FRAME

SIDE. FACK
OF WALL

SecTion YY

FRAMEWORK FOR MOUNTING 2 TYPE 6

INSULATORS AT 6" SPACING

SURROUND

at
»

’

o |

FRAME

L—;f‘.“::m e

g =¢
]
[
e
e,
i
1]
3 iR

To FRAME A% SHOWN BELOW

2 SETS OF INSULATORS MOUNTED
HOK\ZONTAL(von OTHER DETANS ST

sarTew 37 x Y4

SECURED TO FR

P FACE FLUSH
WITH FRAME

SECTION ON A-A

et =€

e 220" — ]

3 SETS OF INSULATORS MQUNTED
HOR'ZONTAL(mnw:n DETAILS SEE ‘

OUTRIDE FACE OF WALL.

Nor 10 scALE.

Nor 10 scALE.

W,

L o
SAVE 2. 5-42, |
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GROUND STATION EQUIPMENT

INSTALLATION DETAILS
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CABLE SLEIVE (REF W0 OA/11549)

- X -~ Lo 70" Max, O / DRG NO W™ 21782
/’ A CABLE T TAG F—
= - .
1= /L_._J

NEULATING TAIT

(a;) PUT CABLE SLENVE (REF NP IOAMSA0) OGN CABLE AS SHMOWN

(b) 12awc SuPmCIENT Lenamr (1) OF CABLE 7O REACH DEBIARD POINT OF
CONNECTION. BIND CVER GU/TER BHEATING WITH INBULATING TAPE TO
DIMENGION SHOWN - T MAX. DIA. X 10°LONG..

X B A
[ commcmme
—

TYPICAL INSTALLATION OF FLEXIBLE CABLE INTO
TYPE 2 MATCHING LNIT. i

(C) ML CARLE SLEDVE REF NP IOAABAD MANLY VIR NILLATING TAPK AND NSgOON
Pl N AENANCER OF CABLE TLEEVE. WATH OEX cement ( r 4 Wit anouno

on 1e3sV STANOARD TRLLPHONED § CABLED) OR PITCH.

«r mmmm-mmwm(‘).mmmmw.mn-w-':rmmu
(€) TETAL BRADNG YO BE CUT BACK, LEAING SUFRCENT LENGTH () 7O AgAcK

NEARESY CARTH BOINY POR BONING PURPOSES, ML BRAIDNG TO B UMNOVEN

AND TWETED TOOKTWER AND TINKED TO FORM A CONDUCTOR

m DIELECTRIC OF CABLE CUT WNNMSM("S)A&&W&CM

TYPICAL INSTALLATION OF FLEXIBLE CABLE

N POR . AT
T s:um:“;m CU™TING DILECTRIG, CARE YO 88 TAKEN INTO TYPE .3 .MATCHING uUNIT.

OPERATIONS FOR FITTING FLEXIBLE.
COAXIAL CABLE *INTO CABLE SLEEVE.

ISSUE_ W& ' :
X3 TITLE " TErMnNATION OF FLEXIBLE COAXIAL GABLES IN MATCHING  UNITS & JUNCTION BOXES. ,

fssie> o cewmcorrce DIRECTORATE OF COMMUNICATIONS DEVELOPMENT. ,;  MiW'STRY 0F - (ESCn Spengr et il DRG.NOWT 23852,
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NOTE -

i DRAWNG | REF
YA DESCRIPTION ary | PRl e REMAAKS 1SSue N /

1 | wsuLaror Tvre 9 7_{wrsoezolionfie7s o DATE . —
2 INSULATOR TYPE 68 20 |MT 22 156 ja
3 | WIRE COPPER HARD DRAWN __ litg SENTIS o 100b/mE. | coamees
4 | corpaGe MaMLA_ 1727 ciRe, 324/30 |a
5 | CORDAGE _MANMILA_I” CIRC 324/48 |a
6

THIS AERIAL HAS A BROAD FREQUENCY RESPONSE

CHARACTERISTIC AND WIL L. RECEIVE REASONABLY

WELL FREQUENCIES DIFFERING GREATLY FROM A DofE SUPPLY

THE OPTIMUM. FOR BEST RESULTS IT SHOUL D BE

ERECTED HALF A WAVELENGTH ABOVE GROUND

HALFWAY DOWN TOWER

SOLDERING 1S PERMISSIBLE

AT THESE JONTS ONLY
INSULATORS TYPE 68 (ITEM N°2) TO BE
SECURELY WHIFPED TO ACRIAL WIRE (ITEN,
N23) IN POSITION SHOWN

INSULATORS TYPE 68 (17£rm N72)
SPACED AT APPROX BFT VERTICAL
INTERVALS ALONG FEEDER WIRES
& SECURELY WHIPPED iN
POSITION.

600 0HM FEEDERS
7O MATCHING UMNT
Y - TYPE 68 REFN' 104/12500

468 T
f(n/;s) '
MARTINGALE ~|SZCURED APPROX CIRCUHT OF AERIAL
HALFWAY DOWN TOWER OR POLE

i
MARTINGALE SECURED APPROX

AERIAL DIPOLE % 3 WIRE RECEIVING STATIONS

" DIRECTORATE  COMMUNICATIONS DEVELOPMENT R.D.C.3. .MA.P [ lue| / fussrfu DRGNWT50346




To ToWeR AT
R HEGHT OF YoP T

Al
oy Apsox LT

T

3 SBE peTARL
Balow

gy

SEE AL50 DETAIL €

CRUSSARM TO BE FITTED
“TO TOWAR POTION T ST
FEEDER MUNS

WBSlmNG TRIATYC. OTHER DETAILS AS ON

£STINg EVEBOLT
CORDAGE MANSY. A
1"CIRC REF Ne 524/49
PULLEY SLOCK Soune £vE
2% m
/

1ED 0FF To ToMER AT
%\mn:mt oFmeT
HeoHT Aronox sous raTes
X Rowe

OF RIGGING AERIAL IN TOWER ErMETHOD OF
MAW DRAWING

SEEDETARL T

DETAIL A |
METHOD OF ERECTING YERTICAL /4 AERIAL WITH REFLECTOR ON TWO |
AM_POSTS TYPE 1 OFHER DETAILS AS ON MAIN DRAWING

DETAL B

TIED OFF AT
OF TowE!

qERa wineTeeE re
lt'u-

s vd !oon‘/ulf
REF Mo 5, (172,

A Pos;
WOODEN PasT
e IXSXST
e
5
v
DETAIL C
mBuLATOR TYPE
nr‘kﬂlma
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SCREW).
DA SHARK o
XAPPROX 2 L6
Pl E1ad
CROssANM usis areox N CREGSOTED ‘
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AR 4
TR
|
i
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- -
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A

AERIAL

~

N
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T
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h

\

\
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— REF o 32a 146

- -
T IMSULATOR TYPE 50 REF No.io, 78
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L e s AR A
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DIRECTINE EARTH MAT
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-

S xuuqs DR No W 50465/ 2
(0~ 20ME/S DRG No WTSO465/5
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AS SHOWW W DETAX. B

NOTE 2-120T LENGTHS OF CORDAGE
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ON SITE FOR LOWERING AERIAL

© w
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AALYARD 10 B WEXATKD usinic.
rrsz 15 OH B3 on MAsTs
AGD

__ _DRECTwON oF
INCOMING SIGNAL

51
(SEE WT 50537/D)

000,
6600,

(SEE WY 50537/A)

ANOTE ~

! DIMENSIONS 29 ARE FOR LOCATION PURPOSES ONLY. THESE DMENSIONS 70 BE NCREASED sris’
| ~
I

WHERE 70 rr STeE MASTS ARE USED & BLODKS. G.P SINGLE 6 STROPS ARE NOT REQUIAED.

LOR STANDIRO RIGENG DETMLS £ DRE NV W7 50537,

TN AIGGING DINENSIONS OF ALERALS FOR FARTICOLAR STATIONS SEE Dwe IV WTSO567
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S s . DESCRIPTION ary |, 4 BEMARRS
Y1 G Ne fo
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SPRING CONTACT SCALE -FuLL SizE AT WG GRASS o=
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SUE |

CABLE SLEEVE (REF W° 10A[11549)

LENGTH OF COPPER WIRE
70 BE SOLOERED TO
LEAD SHEATHING &
BOUND WITH SUITABLE
COPPER WIRE

7
4
\ Mo A

N205we BARE TINNED
COPFPER WIRE ™

‘ LEARD SHEATHING

o X+

(@) CUT BACK HESSIAN & PAPER INSULATION TO A DISTANCE of X+ I
& THEN FOLD BACK FOR A FURTHER 2%

(B) PUT CABLE SLEEVE (REF IV* I0A/lI54S) ON CABLE AS SHOWN
N°20SWE BARE TINNED COPPER WIRE Y+ 1% LONG TO BE

©
SOLDERED 7O LEAD SHEATHING AS SHOWN

Nore - For DiMs X &Y SEE LOWER VIEW

DIELECTRIC N

LEAD SHEATHING .
70 ﬁHX DIA

INSULATING TAPE- /

(d) BNO INSULATING TAPE ROUND LEAD SHEATHING AS SHOWN .
() CUT LEAD SHEATHING BACK TO WiTwi' 6 OF INSULATING TAPE AS SHOWN

-
(f) COT DIELECTRIC BACK TO WITHIN 4 OF LEAD SHEATHING AS SHOWN

LENGTHS OF INER CONOUCTOR &
N°2O SWE COPRER WHRE
IMOKCATED X &Y RESPECTIVELY,

COAX/AL CABLE

~ HESSIAN & PAPER
INSULATION FOLOED
sack For %"

FOR METHOD OF TERMINATING
CABLE SEE OFPERATIONAL FITTING
ON THIS DRAWING

//V °20 SWG COPPER WIRE SOLDEREDTO BBA
TAG CLAMPED UNDER
JECURING MUT OF SOCKET

CENTRE CONDUCTOR 7O BE
SOLDERED 70 SOCKET

TYPICAL INSTALLATION OF COAXIAL CABLE
70 DISTRIBUTION PANEL DRG. N°WT 50392

DATE

CHANGES

BINDING OF SWTABLE TWINE .
,/ FOR QVERSEAS & EXTERMAL

USE SEE VIEW B£L0

TO BE SUFFICIENT 70 REACH
DESIRED PONTS OF CONNECTION
SEE TYPICAL INSTALLATION HEREON

N 4

ENDS TO BE
TINNED FOR SOLOERING X

(9) PuL CABLE SLEEVE (REF N°IOMIISES) FIRMLY OVER INSULATING TAPE
() Fict &N CABLE SLEEVE WITH PITCH OR SWITABLE EQUVALENT AS SHOWN

(k) OUTER INSULATION TO BE FOLDED BACK IN POSITION TO ENVD OF CABLE
SLEEVE & BOUND WITH SUITABLE TWINE

OrerRATIONS FOR FitTing Coaxiar CABLE
N CreLE SLEEVE REF N°/OAMNIS49

ENVDS OF CABLE & CABLE SLEEVE
70 BE BOUND WITH INSULATING
TAPE & WHIPPED WITH SUTABLE
TWINE AS SHOMY

View Swowmva METHOD oF WeATHERFROOFING CABLE ENTRY
FoR EXTERNAL & OvErseas Use

8BA SOLOERING T

[ A U

FOR METHOD OF
TERMINATING CABLE SEE
OPERATIONAL FITTING O
THIS ORAWING

TyPiCAL ivsTALLATION OF COAXIAL CABLE
10 Distriuriov Box Ty 3

S
N

§

¢

7

4
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%

%

Rl B
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9

%

7|

7

7

4

Y

%

’\ii’!‘;/;'
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ON THIS DRAWING

Typicar INSTALLATION OF CoAxiAL CABLE v
Box Rer N° 104553

FOR METHOD OF TERMINATING
CABLE 3EE OPERATIONAL FITTING

ISSUED BY

DorTecs
7ELs 3e

AIR MinvisTRY

JERMINATION OF UMARMOURED [ £4D SHEATHED COoAxMAL CABLES (SIMALL)

DRAWN {TRACED,

CHECKED|APPROVED| DATE

s | St

LBty 193 ¢ 02

=S Dra NP W. 750502
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INsuLATOR

\

msmian — CoRDAGE MANLA
\ n | rreme (per e 324(a8)

S48 ALEO DaTAILS C&D

AuRSING LOOP

MITTED WiTH PULLEY BLOCK,

METHOD OF RIBGING ON A M POST TYPET.

TVAE 1
/(5 £ o sUPPLY)

A M PasT

RERIAL AR TYPE R &
REP NE j0B{45E1

OR 10OLE PER MILE WiRE
Ree no 36 (1115

MEAIAL WHIPOED TO
PRBPER &, SOLDERED

15ULRTOR
TVPE 19
REF ~ve 108[o010

TERMINATION OF RERIALS
VP T8 SKW _LOADING
DETAIL &

d FT APAROX

WNaIGHT APPROX 28L8S

rRounD EvE, 2% BLock

ALL OTHER DETAILS RS ON MRIN DRANING

DETAIL R

TRIATIC

HALYAAD TO RUN THAOUGHN
AYEROLTS & Fuiiigt BOWN
OuTSI3E FACE OF Fawea

TIED OFF TO TomE&
AT MiN HEIONT OB BFT

WRISHT APPAOK. ICWT FITTED
NITH PULEY BLOCK ROUND

&XISTING  BYEBOLT

REP Na SEprra

RERIAL WrniPPED TO
FEEDER & SOLDERED

WP PRD To RVEBOLT wooD scaswap’ Lowa

IEALIAL 300 L8 PER MILE WIRE

h
svasorr %6" o1 swawn

uP 10 SKW USE
INSULATOR TYPE 50

REF Na i08[11479

OVER SKW INSULATOR
TYPE 286 REF No 108/13i9

TRIRTIC

conpace mania 1% ciae
ReF Na 32R[50

BLOCK PULLEY OGENERAL PURPOSE
SINGLE REF Ne 4L[537 WHIPPED
To TRIATIC AT APPROX SPACING
SHowN

t

HALYRARD WEIGHTED RS
SHOWN IN DETAIL B

TERMINATION OF RERIALS OVER 35 KW LORDINB

DETAIL. D

CORDAGE , MANILR [ CiRc
Agr ~ve 338(48

'usul'v luclg, ~> €V

TIED OPF To TOWER
AT MiS HEIGNT OF 1097

WIRE COPPER 300 LB
PER MLE REF No 5E[1772

SuITABLY WHIPPED OR %'
BULLDOS GRIPS MAY
8 used

INSULATOR TYPE 344
REF Na loa[asl o’
surAace 10% SpAcs,

/
'~

‘ SuITRBLY

!

TIE OFF AT BRASE

“ oF rowem

s

wWHIPPED

sve 2% scocx
WEIGHT RPAPROX, 2‘&“ 40’1- &
SE£& DETA. DELON FITTAD WiTN PULLE
#cocK RD &v& 2% mn
RERIRL
8.M pOST
LIOMT TYPE INSULATOR TYPE 50
IBFT NioN
S8E AiLSo REF 40 1aBfi1479 P
PHRS NG (G 0 summy)
- DETRILS C&D Airrap wire . TO S Kw. FOR ovER
3°x 3" ¢ 18° nAmOx S KW (HIULATOR TYPE 256

CROSSARM TO 8& FITTED
Ta TOWER /N PONTION TO
ST FREDRR RUNS

VIEW_SHOWING METHOD OF RIGGING AERIAL

IN TOWER & METHOD OF WRIGNTING TRIRTIC

(ILL OTHEA DETRILS AS ON MAIN DRG.)

REF No IOB[15197 MUST
AE vsED.

gvssorr %6 DA swAank woepscAEweg 1% ioms

CENTRAS TO CLERAR SHANKS OF IMSULATOR
riPE o

SEE DETAILSCAD

A M POSTS LIGNT TYPE

1857 MicH (G PO SuseLY)
FITTED WNITH CROSSAAM
33« 18" AroROX

8- 75( 94 a00R0x)

lhﬂsuva coor

49 T

INSULATOR TYP& 19
REF o 108{%0:0
MOUNTED YO Bive
0% somcino or
F“'P"M

-
SPLAY JUNCTON
REF Ne OA[12724

MRS corPER
300L8 PER Mk
REx me 38[1772

e

tinSULATOR
REF Mo 10Bf

X

CORDAGE MANILR | cracuom
REF No 32R]48

A-R

SMOAT CimcwiT STU®
OPER CIRCNT STUS

SEE MATCHING PROCABUAE

INSULATOR TYPE 50
REF Mo 1OB11479

vs To § KW FOR OvER
S Kiv iNSULATOR TYPE 286
REE No 10B[13:97 WHEN

THiIS INSOLATOR i8S USED
stuss swourd as(“4A-y)-6"

zls WG SOFT COPPER WRE -

OTHER SUITABLE riRE

300 LBS PEA MiLE
REF Mo SE[1772

2~ 120 FT SPARE LENGTHS OF
CORDAGE , MANILR |'C4RC To BE
AVAILRBLE ON SITE FOR LOWEAING
RERIAL & TRIRTIC

NOTE =

SUITRBLE POLE RPPROX &FT HIGH FITTED
WITH GENERRL PURPOSE PULLEY B8L0CK
(Rer no 4&/597) & CLEAT IN POSITIONS

SHOWN

W&IGNT RPPROX 28LAS
FITTED WiTH PULLEY BLaCK
RD. £yE 2% BLocx

evesoLT %' Dia, suAnk woobserene]
:

LONG.

INSULATOR TYPE 287
REF No 10Bf1396. .
INSULATOR TYPE 344
REF No 108(83:
S TRBLY Wit PPED

425
e

9 7O
‘ 0% /rAmv.sM/rru

AM POST LIGHT TYPE
16 T HiGH (G RO SUAPLY)
EYTTED WiTH CROSSAXN

&
3"x3'x IS" APPROx

INSULATOR TYP6 65
REF Ma 108[i53

wiRg RopE 1%

(620 sverey)

STAT TIOHTENER (apc; sverLy)
3TAy Rap (& P SuPPLY)

sTAy 8cock (o .p 0 SursLy)

TO DETERMINE LENGTH X IN FEET USE CURVE A THEN X

E==]

= PHASING L00P

k ,pﬂ" p"i

)

8 THEW Y < e

®

To DETERMINE LENGTH Y IN EEET USE CURVE
- R N
H 3%
2]
RO - H
it i T
HH H ] 200 =
TH T
RS
L 180
HH i c
L W 120
S0
1t i H 20
e sEas i
H s
™ s -6 8 £ 7

o

ARATIO MIN[MAX CURRENT ALONG FEEDER
CURVE FOR DETERMINING LENGTHS & POSITIONS
DF DPEN & CLOSED CiRCUIT STUBS

nNoTE

MATCHING PROCEDURE FOR %A T0%A AERIALS

WiTH TRANSMITTER ON LON POWNER & USING STANDING WAYVE Mgrsl NT 50495
DETEAMINE CURRENT RLONG SECTION R~ B (SEE MAr DR -~
{@) ALONG FEEDER LG TO WwiCH BERIAL IS5 ATTACNED , S anru«é A7 AERIAL.,
Mavt METER TaE UNTIL MAX POSITION
IS RERCHED, REPEAT ON OTHER LEG  RDIUSTING LENGTH OF 8-8
(SEE MAINDRG) UNTIL I MAX POINTS ARE OPPOSITE (SEENOTEb) MAAK
THESE POWNTS, HOTING I MAX YALVE
& rn mu I MAX PUINTS OPPOSITE ALONG FEEDER LEGS, LENSTH 8-8
SNOULD BE SHORTENED OR INCREASED BY HALF Thé DISTANCER
amux THE TWO TMAX AOINTS i€ INCREASED IF TNE SECOND ARADING
IS HERRER THE TRANSMITTER THAN THE FIAST & VIC& VEASA
€) HRVING FOUND POSITION OF I MAX SLIDE METER ALONG BITHER LEO oF
PREDER TO DETERMINE VALUE OF I mMin
TO DETEAMINE VRLE OF X4y (DIRGRAM ABOVE)
@) 087AIN RATIO OF I MinfI MAx
{8) vsing AaTIa @
(C) INSERT CONSTANTS IN FORMULAL RBOVE GAAPH

& #mons a2RON REEVE

USING OGTMINED VAW ES OF X &Y CONSTRULT & LOCRTE 3STu8 AS iNDICATAS
IN DIRGRANM RBOvE & NOTE 4 Bfiom
POSITION & TYPE OF STUB: IN GENERAL, CHOOSE 3Tu8 CLOSEST To AERIAL | &

FOA ¥y X KA QERIASS, U8& CLOSED STUE in POOITIoN {
POR g Aa YA RARIALS, USE CLOSED STUD IN POSITIOML,IF 118 LESE THAN W A

Use opgn STUE POSITION .
#oR Y5 ) mzermL, usk crosap sTUE PoRITION 2

AERIAL MRY 88 OF ANY LENGTH BETWEEN B A & %5 A.Fom oorivum
LOW ANGLE RADIRTION & MINIMuM FADING, LENGTH SHOULD 8E
‘56 A; 1F LIMITED BY MAST NESHT, THEN RS HIGN AS POSSIBLE

ISSUED BY
D OF TELS

RIR MIHISTRY]

DeTAIL B.
TYPICAL INSTALLATION & MATCHING DETAILS FOR VERTICAL REMOTE {AERIALS . A 10 % A) i I e L ‘.,.‘a DRGC. N° WT 50357
Y g5 9% SMH -9-42 . . B

26'x/5°



TEM Y DRAWING | REF
DescripTion
No 7 Qrr No No REMARKS
/ | INSULATOR TYPE 13 24 108/7652
2 | INSULATOR _TYPE 50 4 108/11473
Towee 47_| romee " 3 | wsuaror _TyPe 344 / /08 /891
4 | insuLaToR TYPE 375 . A 108/1194 | Gojree war e e -
S£€ DETAL 5 | SHACKLE BOW “hare”SuACE 35 D/A_ | 18 Cor e 1221 ) Davev 3 o
© | BULLDOG MIRE ROPE GRIPS %" Dm_| 200 Ca e 1674\ tionoun) L7o
7 | BULLDOG WIRE ROPE GRIPS a"Dn_| 24 Car No 1624 | o L PO
8 | PuLLEY Brock RouND Eve 2%” 3 X8
N FART SECTION 9 Y BLOCK G P SINGLE 3 417537
/0| TimBLE NON-CORRODIBLE _STEEL | 42 28¢/6065
DEeviATION FOR Bi-DIRECTIONAL AERIAL 1| THIMBLE Now: sree. | &8 26¢/6072 ~
12| THIMBLE NON-CORRODIBLE STEEL 2 28C/60H|
/3 | CORDAGE MANILA 1" CIECUM | 20umes 324748
/4 | WIRE ROPE FLEXIBLE %1” CIRCUM | sirmonest 29/2069
/5 | WIRE ROPE FLEXIBLE T4 CIRCUM | pmone 23/ 2071
16 | WIRE_COPPER HD Sate SE/1775 | 100 [B/MAE
7 .
18 | WIRE NICKEL CHROME 14 SWé et
19 | SPREADER TYPE 38 3sr Comprere]| 2 o8/rio
P 20 | AERIAL WEIGHT 14 Ib 2 |wr 50464
From £ A & 2/ [AERIAL WEIGHT 112 & 4 |NT50464
TERMINATING 22
RESISTANCE
23 |CHANGE OYER SwircH FOR Riomsic /A / W750542
24 | WIRE STEEL GALVANIZED 14 SWG | fage ¥ e R
25
26
27
28
29
INSULATORS TO BE SECURELY 30
ELEVATION SEIZEO BETWEEN DOWN-LEADS
ETc, AS /HDICATED, & SPACEO
. APPROX 5 APART
8 JMCNONIONC SO g0
FiomM TRANSMITTER N e ot AL A~ )
< 4 2
N m M@ £ |roer] O rongsot AERIAL s | ey o Irew Mo
TORMNATING RESIST. TYPE| M </s SpacinG g saoe T simon] TENGTH OF
J @ - v s are | i eromd xS | AvS L ¢ i 415 i e
 ean coun e£40 A 612 | 80" | 770" s66'| 85’} 73" 525'¢] 400'| 66" |noo'|s500] 44 |motd et
o . £
i, — e ” 8 | 745 | 70" | e44'| 297" | 65°6| 604 l2s¢ic] 328°| a7°| é10' |3050] 32 o
| . G 23
ot oeva 2 . seE OETAR 2 ¢ 10-20| 55" | 495" 252} 49" | 453 192'| 246 ¢67°| 460'[2500| 2¢ 1500
: . —————— —f
4 -3
70 BE T/ED BACK 1O
CROSS -BRACING APPROX .
&8 Fr ABOVE GROUND
MEAN HEIGHT
(SEE TABLE HEREON)
- SEE DETAIL
se& peTan | SEE oeTAIL |
- i } i i § } I 3 = ﬂ DETAIL W
+ 4 t 4 4 i NOTE -
. 1 L ]‘ \ 'ﬂ JL ] h l: WHERE AM POSTS TYPE 4 ARE USED IN PLACE OF TOWERS
£ - BACKSTAYS MUST BE FITTED
PART SECTION \
1 .
G. A oF UNI-DIRECTIONAL AERIAL
-PoLE AM LiGHT TYPE 16 F7
- ) DEVIATION FOR BI-DIRECTIONAL AERIAL SEE VIEW HEREON 5 L - u
- : RIGGING DETAILS WHEN DOWN-LEAD DETAIL {
. TERMIBATES AT BASE OF AERIAL wor 10 scate
TO BE SECURELY SEIZED
= TO [TEM No 2
k - Tower B'd
4 | |
< I\ Vo @n sack 10 % JOINT BETWEEN ELEMENTS
CROSS -BRACING AT K DOWN-LEAD TO BE MADE
BASE OF TOWER OR AT THIS POWNT
POLE 4VOIDING NoOTE -
Rlaﬁ::visisc OF WSULATOR TO BE SECURELY
SEIZEC BETWEEN STROPS
« X ” AS INDICATED
\ THES STROP TO 8E AS, .
. SHORT 'Al POSSIBLE
A s
n OUTRIGGERS SUPPLIED \/ l |
AN WiTH TOWER |"‘—*‘—‘Z'-D”—“—"*
VIEW LOoKkmG W DIRECTION = ..
g };
or Arrow X .
7y -
P
)ﬂ C CHANGES
/ i P oare -2 I 4.2
X ! Issve No [/~
DETAIL 2 N OETAIL 3 1ssveo oy
' View LookiNe N_DrecTIoN
NOT 70 SCALE = == == NOT 7O SCALE o Areow Y D or Tets

SUHKAtLy |27 1 4a

AERIAL . RHOMBIC. 4 WIRE . TRANSMITTING — STANDARD. TR A Dre. N WT 50496




AERIAL WIRE TYPE R
REF. to 10B/458( oR
10018 PER MILE WIRE
REF. Ho, 8%[i775°

AERIAL WHIPPED To

FEEDER Y SOLDERED
INSULATOR TYPE 19

REF. No 108/90i0

TERMINATION OFAERIALS UP To Skw LoADING
OETAIL A

AERIAL. 300 LBS PER MILE WIRE
REE No SE[1772

AERIAL WHIPPED TO
FEEOSR % soLoEmEO

INSULATOR TYPE 286
RER No 108/(3(97
WHIPPED TO £YFBOLT

EYEBOLT H¢ DA SHANK
. WoooscRewEo , 2/2° LoNg

TerRMINATION OF AERIALS OVER 5 Kw. Loaoma
DETAIL B

A.M POST TYPR |
(&Ro.8uPPLY)

CORDAGE, MANIL A * CIRC..
RAF No 324/48

WRIGHT APPROX. 28 LBS.
FITTED WITH PULLEY
sLock RO EYR, 2/ BLoCK

METHOD OF ERECTING VERTICAL /2 AERIAL WITH
REFLECTOR ON 2 A.M, POSTS TYPE 1

’
CORDAGE MANILA % tine
REF Ne. 32A/50

LRSS GIBBET

{&ro. SUPPLY)

. FITTED WiTH PULLEY
SEE ALSC DETAILS AN S

Mo REFLECTOR

(ALL OTHER DETAILS AS ON MAIN DRAWING)

DETAIL D

A.M PoST TYPE |

WEIGHT APPROX 56 LBS

BLOK RDEYE 2z BLoCK

TRIATIC EXISTING EYESOLT

ASRIAL CoroacE MANILA 1'cire.

REF. No. 32A/48

HALYARD To RUM THROUGH |
EYEBOLTS & PULLEY DOWN
OUTSIDE FACE OF TOWER

PULLEY SLOCK Rb. EYR
' 24 BLoek

TED OFF TO TOWER
AT MiN-HEIGHT ©OF 10 FT:

TIED OFF TO TOWER AT
M. HEIGHT OF IO FT.

WEIGHT APPROX,28 L85
FITTED Wﬂ"! PULLEY BLOCK
RD-EYS, 272 BLOCK

WEIGHT APPROX 1OWT.
FITTED WITH PULLEY
8LoeK RO.EYE 2/ BLOCK

SEE OETAIL BSELOW

AEmiAL REF No. 5Ef 772 9o RER No. 10B/col0 F'x3"x 18" APPROY e
EYEBOLT Vg ciA MOUNTEDTO GIVE wrio 5
e AL SHANK WooDSCREWED o/ SPaciNG oF "Afi27 :’::::T:: /.,:‘:56 [ HH f:
PHASING Loop p‘:mm“As- e 2" Lowg. cENTrES fEEDERS SHORT CIRCUN §TUS H
v s To IR BHANKS OF wiRE ROPE 7/i4 =
INSULATORS TYPE 19 A.M. POST LIGHT TYPE ’f"/ (G Ro. SveeLy) % ‘3
16 F% Hic (G RO.SUPPLY) R ML Y g
CROSSARM ToO 8E COMPLEYE wiTH CROSSARM frrr2 STAY TIGHTENER g
FITTED To Towsn 3°x3"x 187 aPprox / (apo suerLy) .
IN POSITION TO SUIT ETYPR 13 £
3, 2
FEEDER Runs f7e62 STAY ROD (G Po- SuppLY) i 3 ¥
| 3 H :NA}N‘%EG’ o
IDATE =T

BOFT COPPER ¥ INE A: g

ViIEwW SHowiNg METHOD OF RiGGING AERIAL |wex wane | () e £ 185Ug 1

iN Tower § METHOD OF WEIGHTING TRIATIC STAY BuecK(GFo supriy EHHHEH H 1850ED oY
| 1
(ALL OTHER DETAILS A4S ON MAIN ORAWING) [EH R N, b.or T.
x 492 TELS 3E
ACTUAL LENGTH OF AERIAL C»REFLECTOR 1N FEET: 492 x
DETAIL C i £{MC3) A .M.

svesoT %S oia.

|
2
Y

SHANK WOODSCREWED
2%" Long CENTRES
TO CLEAR SHANKS

OF INGUL ATORS TYPE I3,

u
BUITABLE IOI‘

m

m o

4orT.

SurAsLY
WHIPPED

A.M. POST LIGHT TYPE

18 7% MigH [6.Ro. SuPPLY)
COMPLETE W'H CROSSARM
3%x3"x 18" APPROX.

.\
|

SwTABLY WHIPPED
oR Y3 DA BAILDOG I
GRWS MAY BF USED

_ >Z
AP
Sz

INSULATOR TYPE So
REF No. j0B/ha79

INSULATOR TYPE 344
REF No. 10B/891 or

4orFT

WIRE COPPER
300 1L8S.PER MILE.

TIED OFF AT
BASE oF TOWER

INSULATOR TYPE (9

—

OCK , PULLEY GENERAL

RPCGE, SigLE

LHo4L/FE7 RUN ALONG
ATIC ANS WHIPPED
PosITIoN REQUIRED

MEULATOR TYPE So
REF No. 10B/ii479
FOR OVER 5 KW,

/lusuucroe TYOE 286
REF. No. 10B/13197

CORBARE MAN
1‘onc nerno

m AERIAL,
APRROX POR ACTUAL LENGTH
TS guw cinnaam wamron

Sixk peTARs AR B

N

— A

E

MUST 8E USED. i
* ¥
e
58 )

<
831

¥R
R |
WIRE SAME AS AERIAL &x3
SER DETAIS AS B £y
:'

2

SAME AS AERIAL
11
COROAGE MANILA 1" cine_, Faame nercnr
REP No.324/48

AT
STAY TIGHTENER — .’_

TRIATIC
corpAGE MANLA U CIRC

REF No. 324 50

CORDAGE MANI(LA
i V'CiRe. RERNo.F2A/48

ABOVE GROUND

(Gro- sverLy) 44')-4—31'“'1.5:!‘
STAY oD g {Gro-SuPeLY)
{&ro suPrw)

‘\

7

NOTE,

)

S

4

—
<

2

- /ﬂ:k\/ 7

F

SEE OSTAL C

\

HALYARD WEIGHTED
AS SHOWN IN
osTAL C

2-120FT. LENGTHG OF CORDAGE
MANLA, I* cifnc. To e
AVAILABLE ON $(TE FOR
LOWERING AERIAL

£vesonT Hyg ota.

)
[SHANK WooDECREWER 24 LoNg
CENTRES To CLEAR SHANKS
OF INSULATORS TYPE i9

INSULATOR TYPE 287
REF No 10B/13198
INSULATOR TYPE 344

REF, No losllssl
UITABLY WHIPPED

/ To
T TRANSMITTER

A M. POST LIGHT TYPE
16 FT Mg, (G-R O SuPPLY)
COMPLETE WITH CROSSARM

AERIAL

A
TYPicAL e =
STATIONARY ‘

At A PHASING LOOP

CLOSED STLVE

To PETERMINE LENGTH X IN FEET USE CURVE A THEN x.-f?ﬁ;,

To PETERMINE LENGTH Y IN FEET ySE CURVE B. THRN Y 'j—(?*—”

T - N
H ]
S HEHEHEAS
¥
H
200
H
160
faaiaists FH C
HH
(20
: i HH
: B 2 aoas
HHHH t H
M 3T -
it H
¥ i
° 2 4 . 8 o 7

RATIO MIN/MAX. CURRENT ALONG FEEOER

CURVE FOR DETERMINING LENGTHS AND POSITioN OF
CLOSED CIRCUIT STUB

MATCHING PROCEDURE

1 t;ru TRANEMITTER ON LOW POWER AND USING STANDING
AVE METER WT 50495 DETERMINE CURRENT ALONG
ECTION A-~A (SEE MAIN DRG ) AS FOLLOWS '~

(a)f COMMENCING AT AERIAL | MOYE METER ALONG FEEDER
LEG 7o WHICH AERIAL i ATTACHED, IN THE DIRECTION
OF TRANSMITTER UNTIL MAX CURRENT (I MAX.)
POSITION 1§ REACHED. REPEAT ON OTHER LEG
ADJUST LENGTH OF B-B (SEE MAIN DRG) UnTi I Max
PoINTS ARE OPPOSITE (SEE NoTE b). MARK THESE
POINTS , NOTING I MAX. VALUE .

(bj To BRING T MAX. POINTS OPPOSITE ALONG FEEDER LEGS,

| »engmi BB (SEE MAIN DRG.) SHOULD BE SHORTENED oOR

LENGTHENED BY HALF THE DISTANCE BETWEEN THE Two
| Z.MAX. POINTS |€ LENGTHENED (F THE SECOND READING
| 15 NEARER THE TRANSMITTER THAN THE FIRST & VICE VERSA

{€) HAVING FOUND POSITION ©F I MAX SLDE METER ALONG

| EITHER LEG OF FEEDER S DETERMINE VALUE OF T M.

2./TO DETERMINE VALUE OF X ANOY (DIAGRAM Ascvs)

@ ORTAIN RATIO OF I Mn./I MAX.

) UsiNG RATIo OBTAINED in 2(2) DETERMIHE consTANTs C
| FROM GRAPH ABOVE

(€} INSERT CONSTANTS IN FORMULAE ABOVE GRAPH

15. USING OBTAINED VALUES OF X ANDY, CONGTRUCT & LOCATE
STUB AS INDICATED IN DIAGRAM ABOYE.

TYPICAL INSTALLATION & MATCHING DETAILS FOR VEh.IC=
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