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CHAPTER /.

INTERFERENCE,

1. Unless proper precawtions are taken a V.H/F fransmitter is likely
to cause strong interference with a receiver at the same station.

2. Frequency Separation. The first method of avoiding interferance
is to use for the transmitters, frequencies which are well separated from
those of the receivers at the same station. The receivers used on V.H/F
usually have a bandwidth of about 100 ko/s. that is the recelvers will
regspond. to signals whose freguencies ex’end owver this range. Since a
treangmitter at the same station will produce a freid-streagth in the
neighboimhood far exceeding that from the distant station with which
communication is “esired, it is necessary %o separate the frequencies by
more than 100 k2/s. Even this separation will often not be enough, since
a. very strong signal will break through the R/F stages of the receiver, even
if its frequency is well oufrside the range which the receiver is designed
¢ accept. A frequenzy separation of 3 Mc/s is sufficient ir. normal
conditions to prevent this, the other prezautions being observed.

A smaller separathion may often be tolerated.

3. Frequenty Progression. Bven whern there is good separation of
frequencies, interference may occur if the frequencies are in a reguiar
progression. For example, two transmitters on 85 Mc/s and 90 Mc/s= can
interfere with a receiver on 95 Mc/s. This is because the transmitter
produces an appreciable amount of second harmonic. Thus the 90 Mc/s
transmitter radiates at 180 Mq/so The combinatiorn of 180 Mq/s and 85
/s, 1f svfficiently strong, may be rectified in the R.F, circuit of the
95 Mb/s, producing the difference frequency of 95 MQ/S, which is Jjust
that of the receiwver.

4. It may be possible to zut dow: the strength at the receiver of the
85 Mc/s and 180 Mc/s saignals sufficiently o prevent this effect; mt
it is advisable to choose frequencies so that i* does not occur at all.

5. Crys’hal Havmonies. Mosh V.H/F transmitters and receivers ace
Fryshal Conhr:Tled 7 } The frequensv of the transmiitiec and
of “he o33l sannlianor of fhe reseivar are wwhal harwmoni:e of the
controtliug ~ryshal frequeucies. Besides these wanted harmonics, the
sefs genevate other crystal harmonins also. If two harmonics, in a
transmitter and receiver respectively, differ by the intermediate frrequenscy

of! the receiver, iulerference may result. I% 1s only possible to avoid
this effest completely by working out a full scthedule of crystel harmoniz
frequencies and probable causes of trouble. Sets which may interfere in

this way should be separated gc far as possible: if it is necessary to
bring them together a lock-out should be kept avd filters (as described
below) should be fitted when interference is found.

6. Screening. Proper fitting up of the V.H/F, equipmeut at a station
is of the greatesgt walue for reducing interference. It is often found
that there is a great deal of interfereuce between different links at a
gtation when 2 lasbh up job is made, but that there is none deteczthable as
soon as averything is made ship-shape. The main reason for this is the
screening of the sets from one another. Each set is contained in a
metal case, and the V.H/F power is fed in or out through a coaxial feeder.
The feeder is connected to the set by a suitable plug, the outer conductor
of which makes good contkact all round with +the case of the set and with
the outer of the feeder. As explained above, when the aerial balancing
is properly done the outgide of the feeder is dead. The V.H/F power can
ge* in or out of the sets only through the aerials themselves. If the
outer corductor of the feeder or of the plug is broker so as to expose the
inner, radiation enters or leaves there. When a transmitter and



Fage 9.

receiver are close together, the amount of intecrference from this
cause is considerable.

{. Aerials. The proper placing of acrials has great effect
in reducing interference. The sort of layout described in Chapter
5 para. 42 is best for this. Iwo directional aerials facing out-
wards in opposite directions feed only a minute fraction of the power
from one to the other.. With ARS arrays this ig 50 4B down on what
is fed from one to the other when they are facing towards one another.
A horizontal ARS feeds even less power out at right angles to the
forward direction. Hence two horizontal arrays can be fairly close
together side by side, say about 30-ft apart, without much inter-
ference. The same distance should be kept between rhombics. Two
vertical arrays should be separated by 75 ft. or so.

8. Choice of polarisation is also used to reduce interference.
A vertical aerial picks up very little fram a horizontal array, and
vice versa. It is useful, therefore, where 2 receiving and trans-
mitting aerial must be side by side, to arrange that one i+ vertical
and the other horizontal. Where there is a considerable number of
transmitting and receiving aerials, good results can be obtained by
making all transmitting eerials of one polarisation and all receiving
aerials of the other.

9. These precautions are not effective unless the aerials are
properly balanced and sited. If there is an obstruction forward
of a transmitting aerial power is reflected baeck from it and is
picked up behind the aerial. Similarly, a receiving aerial picks
up from an obstruction in front, power which has come from behind
and been reflected back. If a horizontal aerial is not properly
balanced, it radistes some power with vertical polarisation, which
is picked up then by vertical aerials, :

10. Filters. If it is impossible to achieve the conditions
described above, or if, when they are achieved, there is still
interference, filters are used to cut it out. They are plugged
in between the feeder and the receiver.

11. Two types of filter are available. Rejecting filters are
designed to cut out interference at one particular frequency. Filters
of this type are designed by Messrs. G.E.C. to give an attenuation of
30 dB at the unwanted frequency. The insertion loss, that is, the
drop in power at the wanted frequency, is 2 - 3 dB. The separation
between the wanted and unwanted frequency may be no more 250 kc/s.

12. Accepting filters cut out all frequencies other than the wanted
frequency. A filter of this type 1s designed by A.S.E. It has an
insertion loss of 2-3 dB., and an attenuation of 20 dB at all
frequencies separated by more than 2 Mc/s from the wanted frequency.

13, If the source of interference is known and a suitable rejector
is available, this should be fitted, and tuned to cut out the inter-
fering signal. To cut out interference from several sources at
different frequencies, an acceptor is preferable, and is tuned to
give best reception at the wanted frequency.

™ It is particularly important that the connection between the
filter and receiver should be a screened cable matched into the set,
and that the plugs at both ends should be correctly fitted. The
filter cannot eliminate interference which is picked up between the
set and itself.
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CHAPTER 5.
TYFES OF V.H/F STATIONS.

No attempt is made in this book to describe particuler Trans-
mitters or Receivers, for which reference should be made tc the
relative handbooks.

2. A comunication system might consist of one or more of the
types of station shown in para.3.

3, There are five different types of station in the system: -

Station YY (Jeep or similar wvehicle),
Handcar+.

Centrl Receiwing Room (C.R.R.).
Transmitter Van (TxV).

Station Z.
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Ir. 2ddition. Teleprinter equipment is available for working
over any link.

i Station YY is a highly mobile station consisting of a Jeep, or
simiiar vehizle. with trailer. Its purpose is to act as an inter-
med_axry between one station a long distance off, and another at a short
distance. The best vossible site is needed for' the long-distance link.
The jeep is used %o carry the apparatus to a site which may be inacces-
sible to an ordinary vehicle.

5.  The part of the equipment of the jeep which is concernmed with
V.H.F. consists ofs-

(i 1 30-watt transmitter Type 683 with moving-coil microphone.

(i1) % 7 watt transmitter Type 684 with carbon microphone.
(iid 2 Receiver Units, CDJ.

(iv i Radio Linking Unit (R.L.U.).

(v 2 Matching Transformer Units.

(vi 2 field +elephones.

(wii) 2 telephuwne head-sets, one wired with a plug to each earphong.
(viii) 1 prismatic compass.
ix) 2 rhombic aerials type ARV with masts, guys and ha.lyardso
x) 2 dipole aerials with masts and guys.
xi) 1 petrol generator.
(¥ii) Mains lead and telephone wire.
(xiii ares and tools.
Ttems (ix) tc (xiii) are carried on the trailer.

A The 30-watt transmitter and associated receiver are used with
rhombic aerials for working with the long-distance station. The 7-watt
trangmitter and associated receiver are used with dipole aerials for
the short link.  The radio linking unit (see Chapter 8) is used to
trangfer to the 30-watt transmitter the signal received on the short-
dis*anze rveceiver. and that received on the long-~distence receiver to
the -watt transmitter. Tv this way the station acts ag an automatic
re. aying station., Alsc the radic linking unit allows the conversation
tc be transferred tc a field telephone which can be used for monitoring
or giwing instructions. The conversation can also be monitored by the
telephone head sets.

The Mp.tching Transformer Units convert the input impedances of the
Transmitters to 600 ohms for matching into a line or in%o the R.L.U.
7.  Handcart. The handeart station is a mobile unit capable only
of working over short distances. It consists of two handcarts which
can be carried in a wvan and then wheeled out to any suitable site.

A handcart station may work from the neighbourhood of the CRR, to
which it is connected by land linc, either to the jeep or to another
handecart.



i P AR .
O, The 7\/_ LSS egn\T\x_] v, . :\'\.,_‘ 13*@;) 9_{ -

\1) One Z-watt  w » tter T-pe 681,

(i1) One Rece » x Unit DJ 1--=-r e of being converted %o Battery

operation,.

g Two dipole aerials 7 th m .r= and guys.

One Radio Linking Unic

) One field ielephone.

) Two telephone head-sets, one wired with a plug to each
earpiece.

(vi*) Ome trar “¢ mer = 1t in the centre compartment,
(viii) One Power L. 7 Unmit DIC cev ied in separate handcart.

{1%) Telephone wirc wnd manv 1 lead.

(x) Spaie . and tr -
The froction. of the - 1 1ten ~e¢ the same as for the Jeep.

The t wtoaer ~ v - an the © "¢ "¢ ‘.=nt provides a microphone
Jack ¢ 1 termir 1, for ¢ ur. 2 < ¥elephr ¢ -es to the input of the
trarsn “tter and ou’ t ~7 +L: v - v The microphone Jjack in t--

gAravsmitie 1og 1T e dirrc aen e

9. Feropenm o ocarslil s moir oo af onalllble, or the battery
generators can . v 4 It <he oo ¢ Fu o0 one to the other can be
completed wn Thrw, mar s

10.  CRR. .
The CRR acts as - lorcal mo™ml. headquarters statign. It

is commected to :aain headguar’ .cs by 17 d Vines or V.II/F links. Its

chief purpese is t0 rocerre  LAb “d hijh frequency signals and to

~operate by remete ¥ sing of h Trequer ¢y transmitters in another van,

ror this purpose the stati~ - -4~ 9 of two CRR's connected together °
by land line. T esze ovo linkeo by V.1J/F with two trensmitter vans
which are also comnec =d &t~ ther by land line.

1. Of the *wo Gig . cn o« 0 mal
(1) One V. I/ tio w1 er Lype 661 for R/T
(i) One V.H/F rerour or for 70 . on the same frequency as the
transmitter (1)
(i1i) One aerial <o -nge~ et rel~_ .
(iv) Ovne V,I/F transmitter 1Ty -: 631 for remote keying,
{v) One 3 chaonel V/F tv.ns < er unit for remote keying.
(vi) Two dipole aerials with masts and guys.

The otter CRR ¢ 2irs
(vi1) One V.H/# trensmi’ . - Typc 661 for remote keying.

(viii) Ore single channed note me.utstor for remote keying.
(1x) One dipolie acri:? wi o mast and guys.

12, TItems (1) and (11, are w - ‘ot sueplex R/T comsunication
with the trav - *ter vans =~ aevial chongeover relay, allows a
single aerial to be used for trco - missiion and reception. The

3..channel V/i® transmitter provides three keying notes which modulate
the V.II/¥ transmitter and are used tc key three of the l.F.transmitters
in the Transwmitter-Vaons, The single chaonel note modulator provides
the fourth channel for keying the fourth transmitter. Item (vii)

has been modified by bringing out leads to provide supplies for the
notc-modulator.

13, Transmitter Vans.
This station consists of two vans connected by land-line.

Bach contains two I/F “ransmitters (T1190; which arc keyed from
the CRR's. In addition one of the two vans contains:..
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(3.) Owne V.H/F traensmitter Type 681 for R/T.
(i1) One V,H/F receiver for R/T., on the same frequency as
Transm tter (*).
(*4*) One Asrial Changeover Relay.
(:Tvg One V.H/F receiver for remote keying,
(') One 3 chamnel V/F receiver unit for remote keying.
(vi) Two dipole aerials with masts and guys.

The other van contains :-
(_viig One V.H/F Receiver for remote keying.
(~=ii) One single rhannel note-detector for remote keying.
(ix) One dipole a-vial with masts and guys.

14, Items (1), (i7) and (iii) form the R/T simplex link to. the CRRs.
Ttems (iv) and (v) receive and separate the three notes sent from the
first CRR. Two of vhese are used %o key the two H/F transmitters in
the same van. and the third is sent by land line to the other Tx Van
and keys one of the H/F transmitters in that van, Items (vii) and
(viai) receive the note sent by *the single channel keying system in the
second CRR and so key the fourth H/F transmitter,

15, If required the remote keying can be carried out over land line
instead of cover V.H/F link, A switching system is provided to change
over from one to the othevs,

1h, Station Z,

This station is the opposite end of the long-distance link from
Station YY. Its equipment consists of :

&
‘21:,§

v

30 watt transmitter Type 683 with moving-coil microphone.
Receiver Unit CDJ,
Radio Linking Unit,
+el ephone head sets, one wired with a plug to each earphone,
pr+smatic compass.
,(v1§ rhombiec aerial, type ARV, with masts, guys and halyards.
fvii) 1 petrol generatox,
(wiii) Mains lead and telephone wire,

(ix) Spares and toels.

=3 N e e o

The whole station is duplicated to provide alternative operation to
an~ther station similar to station Y.

17, Teleprinter Eguipment,

This equipment can be used over any V.H/F link or over land
1ine, It provides two-way speech and teleprinter operation between
» stations over a single link. The equipment at each station is

" mtical and camprises the following units :-

(1) Teleprinter Umit,
fi1) 3 plus D unr e
‘ 4a)  Abtenuator pad,
(i'v% Pield telephone.
)} Signalling unit,
; Filter umit,
Hybrid unit with double-pole double-throw switch from land line
to radio,
) Restifier Unit,
)} 4 in No, 6V Storage Batteries.

2, The transfoxmer unit comnects to the V.H/F transmitter and
reneiver. It is unnecessary when the equipment is used with a hand-
cart or jeep station, where a radio-linking unit is provided. The
switch can also be omitted in this case,
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CHAPTIR 6.

REMOTE JGEYING OVER V.H/F LINKS.

L V.B/F links can be used to key H/F transmitters from a remohe
station. The fechnique is essentially the =zame as with land lines,
and elther one or several chanmels may be run over a single link.

2.  Single-Channel V/F Keying.

The apparatus for a single-channel keying system is shown in
Fig.7. The key pressed at Station 1, operates the H/F transmitter
2% Station 2. The intermediate steps are as follows:-

3. At Station 1 there is a Note iodulator (N.M.) whose output is
fed through s transformer (Tf) and blocking condenser (B.C.) into the
microphoue jack of the V.H/F transmitter. '

4. The Noie lodulator is a Voice-Freguency i!ﬁgl oscillator, wivich
is kept in oscillator throughout the time the circuit is running. Its
output is adjusted by a resistance pad, and by the transformer, to the
right level to modulate the V.H/F transmitter to a suitable depth,
something nct far short of 1004. The Pplocking condenser keeps the
energising voltage in the transmitter microphone circuit out of the
transformer secondary, and also out of the key, which is placed across
the transformer secondary. o

5.  The rocker and forward contacts of the key are used. In this
way, when the key is not pressed (on "space") the V.H/F transmitter is
modulated by the note. #hen the key is pressed (on "mark") the mod-
ulation is shorted out. The resistance pad in the note modulator
is so chosen that when the transformer secondary is shorted the oscilil.-
ator is still working into a high-resistance load; and so it is not
thrown out of oscillation. This enables a higher speed of keying to
be used than would otherwise be possibvle.

6. At Station 2 the audio output of the V.H/F receiver, taken
across the loud-speaker terminals, is fed into a Note Detector (N.D.)
consisting of a rectifier circuit and a relay. This relay takes the
place of the key of the H.F. transmitter. It must be capable of
handling the energising voltage, and current in the primery oi the
relay of the H/F {ransmitter. If necessary a quenching device, con-
sisting of a condenser-resistance Zombination is put into the circult
to help in this. : ’

7 Since the V.H/F transmitter is modulated on space, a note will
be received at the receiver during this time, and current will [low in
the primary of the notve-detector relay. The relay contacts must there
fors be "break"-contacts, which areshorted when no current is #lowing.

8. The arrangement by which a note is sent for space, and inverxr-
upted for mark, correspords to the practice in line-telegraphy. It
makes it eagier to find faults, since a note can be hcard if the syster
1s working without the operator having to press the ley.

9.  Multichannel V/F Keying.

By using a number of V/F oscillators generating different
notes, it is possible to key a number of H/F transmitters over a
single V.H/F link.

10. The apparatus for a three-channel system is showm in Fig.8.
At Station 1 there is, in each channel, as before, an ogcillator and
a resistance pad attenuator. Before being fed through the transformer to
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the microphone jack of th= V.H/F iransmitter, the output from eash
oswatlator pagses Through aw appropeiate filtex. This prevents fthe
oszillatore for interfevine with one avo-her . It is feasible +ce

comstrust reasonably <ompa- @ filters which wall separate frequencies
abou* 200 /s aparvi hut the nofes arve sconweniently Keph as far
apart ag pnossible

da The outputs from the osr':L]Wa..ov’q are adjusted tc be of °guan
volhage so that +their sum -total does not overoodiiiate the twrauvswmititer.
To make +hig cevhann., eash oscmallator geparately should modulate the

trangmitter abou: 304.

92, At Statioca 2 the outpu from the V,H/F receiver i3 fed intc »
similar set of filiters which sepacate oo’ the receired acies.  Bacsh
note 1s then passed o to an amplifizc and datestoc  ~=d wog oufpub of
the ¢ tectors agaan overate a set of relays ‘:Jhl“"f wa’ e the vlace of
the o/F *rans ither keys. The amcunt of arplifisation in cach
channel 1s mads lavee enough To give posirtave cpera +:10n of the welay,
and no* so large as to allow 2t tc be operated instead by woise, inter
ference or s’ uals in the other ~hannels.

13, Telepranter S plus D Equipme: -

The lay-out of this equipment is showw in Fig.9.  The tele
p .. nter part of the equipment® zonsishts of the Tel_eprin'v';er (T.P.) pro
pec, the S plus D unit, and the Altenuator Unit (A.U,)., The telie-
privter is the wmechanical gystem which contrcls the elentrisal sigweals
prodused in the S ploe D unit for frausmission, and is controllied by

those re:erved by the S plus D unit for resephion. The speerh part®
of the system ~onsists of the Field Telephone (F T, ) and the Signalling
U i% (S,U. ) Thrx fwe pants, bpeec:}:- and teleprinter. are separated
and copbaned through ths Fitter Unith. Tne Hybrid Urnit comvertsg the

twe~wira output of the Falther Un'r % te the luput of +he V., H/F tranagmittet
snd the ovfp  of the V.H/F vezeiver.

ihe The S pius D unié couteins generators and detectors for #woe notes
of 1580 2/ and 9860 o/s.  TIn any given stakion. oune of these uotes
18 nged for tracsmission and one for receptioin and the other way round
a2t the other ghation. The note used for transmission is radiated on .
spae.  Each key on the teleprinter interzupts the note in a charactenr
istiz way for a definite period of +ime. '

15, Yo orde~ to preve s’ interferense beiween the telsprinter and
speesh gid=a of the commu ~ation all the frequencies from 1-00 /s fo
2000 3/g are ik ouk of the speesh by the fiider unit, and khis band
alone tig parmttad by the filtec unit to ceach the S pius D unit for

reseption. Tha purpcss of the attenvator 1t in the teleprinter
side is . adjust the relativ: tew' of the note signais and the speech

for Trangmigsion owae thz two waics= 17 .e ov ower vadic



