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HANDBOOK ON V.H/F COLLUNICATIONS .

WITH SPECIAL REFLRINCE TO LOBILE STATIONS.

CHAPTER 1.

INTRODUCTION.

1, The term "Very High Frequency" (V.H/F) covers the frequency
range from 30 to 300 Mc/s, or from 1 metre to 10 metres wavelength,
Such frequencies have been used for communication for many years, but
they are useful only over rather short distances. Good communication
can be kept up between two stations which are within sight of one
another ("optical distance"), or about half as fer apart again (505
over optical distance). Between ship and shore stations the extreme
useful range hardly ever exceeds 100 miles.

2. Communication is made more reliable, or is cerried on with
relatively small trensmitter powers, by using directionel aerial systems.
y a directional aerial system the power radiated by the transmitter is
concentrated in some directions and cut down in others, and similarly
power is received by the receiver from some directions rather than from
others, Interference with other radio links is also made less, and
the risk of interception reduced. This can only be done when it is
known that the station with which communication is desired is in a
definite dirention, and the aerial arrays must be turned so as to
radiate and receive in that direction. It must not be supposed that
a directional aerial mskes communication secret; the usual precautions
must be observed.

3. A directional aerial system provides an improvement, or gain,
in power radiated in the wanted direction. The gain is measured
relative to the half-wave dipole (of which a description is given later)
as standard, and is specified in decibels (dB) (10 times log power-
ratio, or 20 times log voltage-ratio, in radiated field). A full
spezification of the performence of an aerial system requires also a
polar diagram, showing how much of the power is radiated in different
directions, in any plane through the aerial.

4. The choice of different aerial systems depends on the service
required, the distance to be covered, the power available, whether the
equipment is fixed or mobile, and so on.
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PROPAGATION.
1, V.H/F radiation is propegeted through space in exactly the
same way as any other electromegnetic radiation. Because of the

different. wavelenyth the effect of obstacies is different. Like
long and medium wa.>s, these waves are diffracted, or bent round the
surface of the earth and other solid objects, but not so strongly.
The strength of th- field fells off rapidly near the surface of the
earth, when the distance much exceeds the optical.

2. The waves are reflected by solid objects, especially condus-
torg, which are large compared with the wavelength; so that hills,
large buildings, thick woods, and so on, cast shadows and interfere
with the transmission or reception of an aerial which is hidden
behind them.  Obstacles not greater than a wavelength or so do not
have much effect unless the aeriel is very close to them.

3. V.H/F waves are not ordinaerily reflected from the ionosphere,
and so it is not possible to use a sky-wave for communication.

. The expected range of communication is somewhat increased in
normal conditions by the fact that the waves are refracted downwards
in the lower atmosphere. Changes in the distribution of tempera-
ture and moisture in the atmosphere change the amount of refraction
and lead both to fading and also to exceptionelly good reception at
times. /

5. Pading is not usually importent for commmnication at optical
distances. - Well beyond optical distances it is usuaelly present.
The commonest types are (1) short complete fades lasting for about a
minute, (2) ®*flutter fades", in which the signal rises and falls by
a few dB every minute or so, for perhaps a quarter of an hour.
Neither of these types of fade is usually-sufficient to prawent R/T
communication. Flutter fades are sometimes wore rapid, and may then
make the received signals unintelligible. Changes of signal strengih
at different times of day end @ifferent seasons have been observed, buth
they are not so strongly merked as with H/F sky waves, and they
vary with site and westher.

6. It is not possible to predict exactly the conditions of
communication between sifties with intervening hills.  Experi mce shows
thet fairly high hills can be zrossed without marked loss of sgignal
strength, Obstacles <lose ‘to the aerials are by far the most
important.
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CHAPTIR 3.
AERIALS.

1. 4 V.H/F aerial must be raised well sbove ground, at least a wave-
length high, Otherwise a large proportion of the energy is reflected
almost vertically upwards end is lost. To connect the aerials to the
transwitter and receiver, feeders are used, which convey the energy without
themselves radiating or picking up. They are usually of coaxial cable.

2. lLvery feeder has a characteristic impedance, and it will only act
properly as a conveyor of energy if it is matched, that is, terminated
at each end with an impedance equal to its own characteristic impedance.
Coaxial feeders have characteristic impedances ranging from 40 to 100
ohms. Hith some tronsmitters it is possible to adjust the impedance
so as to suit the whole of this range. When this is not possible the
feeder is chosen to have a characteristic impedance close to that for
which the transmitter 1s designed.

3. Different aerials have different impedances, and the impedance
also depends on the points to which connection is made. It is usually
necessary to have some sort of transformer to match the aerial impedance
to the characteristic impedance of the feeder.

L. Many aerials are balanced; that is, they are symmetrical struec-
tures in which the voltages in the two halves are, at any moment, eqgal
and opposite. i coaxial feeder is essentially unbalanced. A balancing
sheath, or other device, is necessary (in addition to or combined with
the matching transformer) to change over from one to the other.

.5. ihen the matching and balaneing are both properly done, there
are no standing waves inside the coaxial feeder, and its outside is
"dead".

6. The half wave dipole is shown in the vertical position in Fig. 1.
It is a straight conductor, approximately half & wavelength long, fed
so as to have equal and opposite voltages at its two cnds. The actual
length in practice is less than a true half-wave because of the effects
of capacity and resistance. At V.H/F the reduction in length is about

st
0%a.

7. The dipolc ig of'ten fed at the centre. The impedance here is
about 73 ohms, and feeders of approximately this characteristic lmped-
ance are available. No matching transformer is needed at the aerial
end of the feeder. Also the input and output impedances of receivers
and transmitters respectively are often made to be of abowut the same
impedance, so that the feeder is matched at the set end too. . .

8. The unbalance of the feeder must be corrected at the aerial end.
The simplest way of doing this is with a quarter-wave sheath. It is a
conducting tube which surrounds the feeder, is open-ended at the aerial
end, and shorted at its other end to the outer conductor of the feeder.
The feeder and sheath are kept two or three inches away from the acrial
itself, so that there is not too much capacity betwecen them. Connec-
tion is made from the +two halvés of the dipole to the inner and outer
conductors of the feeder by short lengths of braid.

9, The serial itself is supported on insulating materials. If it
is vertical, the top section of the supporting mast is usually of wood.
"¢ balancing sheath and feeder leave the aerial at right angles, and if
1% is necessary to bring the feeder round the supporting mast, this is

lone some distance below the aerial.
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20, The array has a front-to-back ratio of 25 d3, and & gain of
sbout 5 dB. When the frequency departs by more than about 1 lc/s
from the design frequenaey, the gain is not greatly altered, but fhere
is mueh more baskward radiation.,

24,  The array is designed to be placed eithex horizontally or
vertically. Al ’rhough the gain end directivity asre about the same an
either case, the shape of #he polar dlagram 1s different, The polar
diagram for the horizontel array is shown in Fige 48, and thet for the
vertical in Fig. L4b.

22,  The ARR or Windmill Array 1s an array of four "full wave
dipoles", eash with a refleeror. A full wave dipole 1s really & paix
of halif -wave dipoles plazed end to end and fed at the adjacent ends.

In the Windmill the dipoles are verfical ard making them full- wave
sonsentrates the energy te some extent towards the horizontal plane,

the four full-wave dipeles are plsced side Dby side approximately a half.
wave apart, and are connected together by peirs of conductors ("Phasing
sections") in such a way as fo ceneentrate the energy frow the sides
into the backward and forward directions (Fig. 5). fThe vow of reflec
tors, about a fifth wavelength behind, reflects wost of the radnation
from the backward teo the forward direction.

23, The impedance at the end of a half wave dipole 1s high (about
2,000 ohms), At the centre-point of the phasing sechtions, which 1s
a quarter-wave from the nearest dpeles, the umpedance 1s low, In the
Windmill erray the feeder is metched into this point by a transformer
consisting of a guerter wave section of two wire line. The tapping
point from the feeder to the transformer is adjusteble,

24 The Windmll array s practicelly a "spot frequeacy aerial.
It is mounted on a wooden frame and supported by ropes {vom s collar
free to rotate about the mast, It can thus be direcied as reguired,

25, The Rhombi« Aerial (Fig. A} is a direstional aerial constranted
on a different pffnﬂ:m'l It consists of a rhouwbus or rframond shaped
conduchor , which is Jpref':-:xeﬁt)]_y several wavelengths long. This s

usualiy mades of stranded wire, supported horizontally on four masts. one
at each corner, at a height of two to three wavelengths, I% 1s fed at

onz of th=2 acute angles of the diamond. The umpedavnse at +this point s
for a swmall vhombie about A00 ohms, ana for a lavge rhowmhie about 800 ohms.
The feeder is usually matched through a guarter wave sectlon of fwo wire
lane., The s=ri1al 1s balaneed and the unbalance of the feeder may be
corrected by 2 balancing sheath as descrihed aboire.

26, The rhomhis is terminated at the sorner opposite to the feeding:
point, by a registance equal 10 its own impedance, Thas 1s offten made
in the form of two sarbon reaisgtors of 300 or 400 ohms each, one placed

at the end of each wire at the corner, and conneeted in series,

27, The rhombic aerial has considerable directivity, It radiates
chiefly in the direction fron the feeder te the tetmwnation and receives
from the same direction.

28, The radiation is strictly horizontal , buwi is dirvected up
wards at an elevation of five degrees or so. Thig 1s au advantage for
communication a2t any distance, because of atmospheris refraction.

29, The aerial is untuned, that 1s to say, 1t does not have %o be of
any exach length r-omnared with a wavelength. The matching and balancing
transformers are usually of a design depenaent oun frequency, but not
very strongly so. This makes the whole system flexible, as the same
aerial can be used for a considerable range of frequencies.

30. In spite of its size, the rhombie is siaple and robusk. It can
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be repidly set up and taken down by & trained team, It is suitable for
mobile stations.,

31, The gain, directivity, and angle of elevation of the principal
radiation depend on the size, shape and height of the rhombic, and on
the wavelength, Up to a considerable length (several hundred feet on
V.H/F), the gain is increased by the increase of size., The e.igle of
elevation of the radiation is decreased by lifting the aerial higher
above ground,

3 A full-size rhombic aerisl has a gain of 10-15 dB, A small
rhom *ic may have a gain of 5 4B or more,

33,. Choice of Aer .als for Different Servi s :.-
13 N

(a) For V.H/F comunication from ships, all round reception and
radiation are usually required. A vertical half--wave dipole is the
simplest way of achieving this, A gain of about 1% dB, is obtained with
a full wave dipole, the next simplest system, One ar other of these is
norme” 'y used for communication from ship to ship or ship to shore,

{b) For shors to ship communications, dipoles can be used if
the distanse to be covered is not large (say up to 20 miles) and a good
site is available, For longer distances more gain is needed. A
vertical array is required, and the ARR is designed for this purpose,
It must be turned to follow the motion of the ship,

" (8) For short inks from shore to shore, or overland, either an
ARS or a small rhombic is used, Distances up to 30 or 40 miles can be
_ covered from good sites,

(d4) PFor long links from shore to shore, or overland, a large
rhombic is the most practical arrmay, It should be properly laid out in
a compass } ‘aring, (Making allowance for magnetic variakion). With a
rhombic at each end, distances up to 80 miles can be covered with
relatively sma’® transmitter powers,

3%, Sites,

, The ¢'rice of sites for V.H/F aerials 1s of the greatest
importance for reliable communication. The range and scope of the system
is largely dependent on this,

35, Height, Communication between points within optical range is
almost cast-iron, For this reason, if a given distance is to be covered,
the aerials are, if possible, raised to such a height that they are
within sight of one another, To determine the heights required, the
distances of the hprizon from a given height must be known., If h is the
height in feet and D the distance in nautical miles, then D = 1°06/h,
The following table shows some examples : ‘

Height (ft.) Distance to Horizon (nautical
miles),
25 oo o ono coo oco0vu ovo 0o o ovo 5"3
50 080  eve  ove  ooe  ooo  ove  oes 10D
100 0oo 0090 ou o 0w vuo oovo oo o0 11 !
200 ) oc o0 co0 oo oG o oo co0o 15
400 oss  eue  wvs  eve  wes  wee  ove 2F

700 Qv o coo oo0o 920 Qouo Qo0 000 28 ~
1000 0o 0o o Qoo Qo Qv o Quo coo ,BLI-
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36. To fina the opticel distances betn. ~ *.) zhatic . ‘otn abous
sea-level, ftne distences from each to the horizon are added.

37. In yractice., afmospheri~ refrachion makes a corsiders. =
difference to this. For heights up to & few hundred feer the rsv > -
good communication is increased beyond the figurcs given, At g 2.
heights i+ apvesrs that the effects of refve~tion are less, or =w=n
unfavourable. so that not wach is gained by going higher, In 211 -& :a.
8. good height above the suwrounding ground is certainly useful. Tf “n-
transmission is from shore over sea, it is an advantage o be a2 e fop
of a cliff not too far from the sea. ‘

38, Position. The vertical dipoles on 2 ship are placed as hlph
above the main structure. aud as far from interfering metal objesh
parti~ularly wverticel masts, as possible, They are also placed as Far
as possible from one another.

39. On shore, all aerials are given as mush clear space as posuinle,
It is important that an arrev such as the ARS shouwld be placed so os o
have a clear view in the forward direction. af possible with 5¢7«aranze
of seversal feet over the tops of itrees and buildings in the ne- doboom:
hood.,

40. A& rhoubic serial 1s erected on 2 clear piece of ground as .z
as possible., The ground in fron7 should be flat for a distance half as
great again as the length of the rhouwbis, It is luportant that +he
ground should not rise markedly in Lron+ of the rhonbis for a1-1ls ar s0,

Y. A few rows of trees act as a good screen for wvert cal’v pole
ised waves, while horizontally polaraged waves penetrate them more esuily,
On the other hand horizontal conductors. such as overhead teliephore
lines. disturb the propagetion of horizontelly polarised weres bk do -
much affent vertically polarised waves., Thus a site which is near -
ar other of these special types of obstacle may be satisfacto v 7. one
type of polarisakion; bukt not for the other.

42.  Layouf. The vens. buildings etc. . on a shore station ar
treated just like any other obstacle. Thus the vans ere not plac A - -
front of a directionel acrizl. Also. the different aerials &t a 5=
with several links are kept away from one another as far as poss»™  ar-
in particular, one is not placed in front of another. If two aerizls are
transudtting to or receiving {rom the same direction. they are placed sid=
by side. with as much spacing between.as possible, This Jeads to a layo~
in which the vans . generators. efa. . of the station ocoupy a ceufral
position. with the serials disposed around., cach directed outwards 10 the
appropriate direction. '





