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Introduction.

Area coverage Broadcast Fatterns from radio sites
+all 11nto two basic categories; Omni-directional and
Directional. The purpose of this document 1s to
illustrate the wvarious options available to systems
engineers to achieve both omni-directional and special
coverage patterns by use of transmitter combining and
aerial sharing techniques.

Details of "GO" path equipment parameters required
for post-MWarc services are defined in Sect GN4 of the
Buidance Notes for Radio Planning Engineers issued June
198%. (App &) .

Single channel per site services will easily
attain the target estimated radiated power (e.r.p.) of
A7 MWatts using a single well placed aerial, i.e. prime
position at the top of the mast. However, the great
maiority of Home Office sites hawve more than one
sponsaored user:; most utilising more tham one channel
per site.

To attain the reguired area coverage for each of
the u=zers on one site now becomes a trade-off between
the aclual aerial accommodation available and the power
of the transmitters, in this case 100 Watts (mean).
Lack of tower space compels aerial sharing with its
associated power losses.

Other factors must also be considered such as the
actual radiation patterns of aerials not at prime
positions, physical constraints of the tower structure
and the electrical effects of the tower at the
fregquency being broadcast.

Similar constraints must of course be equally
considered for the "RETURM" path. (Sect GMN4 defines.)

Omni-directional Fatterns.

It 15 generally understood that all aerials with
reflector elements or panel assemblies are directional.
However , the normal Home Office single broadcast folded
dipole on the side of a steel tower can also exhibit
marked directional properties dependant on its position
in relation to that structure.

Omni-directional patterns in their true sense can
usually only be realised using prime position (top of
tower) aerial {s) or combinations of aerials in circular
arrays. Such arrays may be used for providing a
launching base For single or multi-channel signals
depending on radio equipment combining techniques and
array feed networks. Application of these arrays remain
constrained by overall system parameters and deciding
factors include available wvertical accommodation and
dimensioning on Lowers, wind loading characteristics
and electrical reguirements. .For example, on the higher
frequency banrds the physical size of the tower has a

L



significant effect an the horizontal radiation
patterns, this being due to the overall geometry of
arrays in relation to the wavelength i1n use.

Pattern Parameters.

The basic planning parameters to achieve a
designated area coverage pattern are described in
GH4 which is reproduced in Appendix 8. In transmitter

aerial systems the e.r.p. reguired i1n any pattern
minima in the coverage area is defined as &3 Watts.
Because of system losses e.g. feeder, filter and hybrid
transformer losses, gain is usually required from the
aerial system to achieve this minimum &.r.p.

Depending on the tower in use 1t 15 not always
possible to provide the necessary aerial gain. In these
cases the absolute minimum e.r.p. can be as low as 25
Watts. An example power budget is as follows:

Multi-channel site where Omni-directional patterns
are reguired:

Transmitter Fower 100 MWatts 20dBW (all channels)

Trans filter loss 1db

Aerial feeder loss 2dB

Aerial tail loss 0. 25dB

Hybrid matrix loss 0. 25dE
Connector/term loss 0. 5dB

Total 4dBE net loss

Single Turnstile:

Max gain OdB ref 1/2 wave dipole
Min gain -2dB ret 1/2 wave dipole

hence

Max erp = 146 dBW (40 Watts)
Hin erp = 14 dBW {25 MWatts)

In cases where this e.r.p. 15 insufficient the use
of High Fower Linear Amplifiers (HPA) 1s recommended to
boost the transmitter output. These figures are
increased by approximately 3dB when a double Turnstile
15 IN USe.

Generally speaking the maximum ripple thought
acceptable over the main lobe of the designated
coverage pattern is 2dB.

Tower Structures Under Consideration.
Classifications thought suitable for standard and

WARC aerial fits are derived from the physical features
of the tower under consideration.



Example classifications are:

Al/4/45/1.5 Standard 4 leg tower; 45
mtrs high; 1.5m face dim for upper 10 mitrs.
Al/3/45/1.5 Standard 3 leg tower; 45

mtrs high; 1.5m face dim for upper 10 mtrs.

The standard aerial arrays for use on Al/4
and Al/3 towers are classified to suit face
sizes in the following ranges:

less than 1.5m

1.5m to 2m

greater than 2Zm

Other structures suitable for standard aerial fits
are to be considered individually.

fAerials Available.
The aerials available are listed in section GNEB of

the Flanning Guidance MNotes (App &). Additionally to
these lists a Dipole Fanel aerial is available.

Brief Description of Omni-directional Arrays.

al Turnstile.

Single tier of four dipoles on central post. Double
turnstile has two tiers of dipoles on common post.
Tiers can bhe electrically stacked as required or used
independently. Fitted in prime position only. Up to
four transmitters (three omni-directional) without the
usual aerial combining losses, by use of a four port
reciprocal hybrid matrix. 2dB overall ripple in
pattern:

0 to -2 dB for single tier
Z to 1 dB for double tier

bl Dipole and Yagi circular Arrays.

Up to eight aerials in one tier, suitable polar
diagram depends significantly upon overall array
diameter and therefore upon tower dimensions.
Unscreened dipole arrays not generally preferred due to
the risk of exciting tower (rusty bolt) intermodulation
products.Some installations may make use of the hybrid
matrix unit described above.

cl Slot Fanel.

Four wnits per tier on sguare towers, Three or
possibly four on triangular towers, depending on tower
dimensions. Maximum of two tiers on any one tower. A
single unit panel has a gain of B dB relative to a 1/2
wave dipole.



d) Dipole Fanels.

Up to four aerials per tier. Similar characteristics
to slot panel but each aerial unit has a forward gain
of &dB.

el Groundpl ane.

A groundpl ane array may be used as a simple
alternative to the Turnstile although it has inferior
electrical performance.

) Simple Aerials.

In all cases the +final default option on ‘problem
towers’ is to use folded dipoles, one per channel. This
places the site in the category of "Directional" and
opens the way to high levels of Intermodulation
Froducts. Before exercising such an option the planning
objectives should be re-—assessed. The following
questions are posed:

1. Is an omni directional pattern mandatory?
I¥ so, is it for all channels?

2. Is a lower e.r.p. acceptable in any
particular case?

3. Can a higher powered transmitter, linear
amplifier or Multi-channel transmitter (on
limited channels) be made available to drive
simplified arrays?

q. I¥f the band plan allows, can duplexers or
an additional aerial tier be used?

Directional Patterns.

Directional patterns can be achieved from all of
the above arrays by judicious use of combining
technigues ar separate feeders. In some cases
directional patterns can be inherent in the array by
virtue of power division, and RF field phasing and
addition.

Enmhining Systems.

The general items in use for combining/splitting
systems are outlined in GNB. All of these items may be
incorporated into WARC aerial solutions, the hybrid
matrix combiner having several useful applications.
These may be summarised as follows:

13 Using four aerials in a defined array
al l ows up to three transmitters to be
combined to give good omni—-directional

patterns without the normal losses associated
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with hybrid transmitter combining. The losses
are overcome by the elimination of load
resistors and wvector addition in the RF
field. A fourth transmitter may be
incorporated but the pattern produced is
directional and has limited practical use as
a broadcast channel.

2) Combines up to four transmitters into
one aerial.

3) Some combinations of 1} and 2) give good
directional patterns suitable for special
applications.

It 1s important to note that in the above
configurations the unpused matrix port must be loaded.
25 MWatt loadis) will normally be fitted inside
buildings Ffed #rom RGZ13/U feeder connected to the
hybrid combiner, the i1nherent losses of this feeder
forming part of the total load required.

System Design Examples.

Options for WARC aerial arrays are illustrated in
fApp 1. Certain examples are suitable for both intended
frequency bands. In general, due to tower size,
multiple dipole and yagi tiers are restricted in use at
150Mhz and are normally only to be considered on small
towers or as special alternatives. However, use of
dipoles and dipole panels at 70Mhz provide wviable
solutions. The option title is designated by the type
of aerial followed by the number of broadcast channels,
number of tiers and a suffix indicating a Multi-Channel
Transmitter.

Arrays can be initially allocated to structures by
the table of AppZ but the final fit is controlled by a
combination of pertinent circumstances as outlined in
the Aerial Planning Check List of 15/7/83 (App3), in
particular =ect 1.1 and sect 3. Careful consideration
must be given to sect 3.3.1 as this will highlight the
physical suitability of the feeders for any particular
case.

Included in the Appendices is a ladder table of
options rating the number of channels against the
highest e.r.p. achievable.

Special Patterns.

These patterns are basically directional type
patterns. The +term ‘special’ when used colloquially
tends to indicate a more precisely defined service area
than normal i.e. a combination of remotely linked sites
from a single source, or a ‘sensitive’ broadcast area.



RF Feeder Installations.

The increasing wuse of modern foam dielectric
feeders eg. ‘Heliax’' etc., has emphasised that aerial
and feeder installation has to be carefully adjusted
within fine limits for each site, both in the matter of
physical aerial placement and the supply of radio
signals to aerials. Again, the tyvpe of tower structure
has a decisive effect in the choice of feeder for that
particular installation. Some constraints governing the
installation of co-axial cable are as follows:

i1} To reduce the risk of fracture, foam type
cable is not to be rigged on tower legs. The
more +flexible cables URM&T and URM74 are
better suited to this application.

2) It is apparent that there are problems
associated with measuring and installing
‘co-phased’ feeder runs wusing the smaller
diameter feeders. This is mainly due to the
ability of the feeder to retain some
curvature from the drum thus making it
difficult to physically match long runs.
Without physical matching, electrical phase
matching becomes much mor e difficult
especially under field conditions. The larger
diameter feeders are better to manage in this
respect being easier to straighten. Hence all
co-phased runs exceeding 20 metres should be
7/8" heliax type or URM74. Co—-phased runs of
greater than 20 Metres should not be
considered at 150Mhz due to the difficulties
of phase matching at the higher freguency.
For short lengths the approved technigue 1s
to make up the feeders complete before
installation. Phase differences betwsen equal
length feeders of less than 20 metres are
considered not significant enough to affect
aerial patterns even after any installation
‘stretch”® has taken place. However, accuracy
in matching lengths is essential and
electrical phase/delay checks at the working
frequency would be desirable using a T.D.R.,
Vector Yoltmeter or Network Analyser if
available.

X)) On towers up to 45 metres at normal sites
it is thought permissable to run 172" +foam
feeder clamped at a MAXIMUM distance of 1
metre. Above 45 metres cable fixing points
must be reduced to a distance of 0.5 metre
MAXIMUM. The fittang of a cable tray to allow
this reduction between the standard fixing
bars is acceptable if wind loading permits.
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Alternatively the feeder runs must be made in
/g heliax ar URM7 4 throughout.
Consideration 1s being given to reducing
clamping intervals to 0.5 mitr spacing on all
Local Authority structures over their whole
length.

4) Where link path losses are low the use of
URMA&T FRG2130U or RG2140U is preferred.
Alternative feeder types may be used where
justified (see 7 below). Some relief Ffrom
induced intermodul ation products may be
effected using RG214U double screened silwver
plated co—axial feeder. This has the physical
properties of URMAT/RGZ213U but achieves a
level of screening similar to 172" foam
feeder.

5) App 4 shows the items associated with
“foam” type installations. MNote that Remclamp
type R2 (5/8"-3/4") will accommodate LDF4-50
but does not grip effectively. The correct
cize is R1 (1/2"-5/8"). Femcl amp R3
(3/74"=-7/8") HHC 201 is suitable for use with
URM74. Remclamp RS MHC 203% is used for 7/8"
foam cable. Where aerials are not earthed,
all feeders to be earthed in accordance with
current practice proposed by H@ FSPG section.

&) Improved connectors are being introduced
to suit the multichannel WARC requirement and
should facilitate easier installation. The
DIN standard 7/16mm solderless type is being
considered and although it is specifically
intended for use with foam cables, options
are available to suit other types such as

URM74.

s In accordance with current practice (DT
S0/74/1 Issue 2Z) all aerial feeders should be
earthed both at the upper end and at the
building entry point. Earthing kits are
available but careful consideration must be
given to the integrity of the weatherproof
seal required. In some cases LDF4-50 may be
specified in preference to URMAY as the solid

outer conductor allows ease of earthing
whilst denying moisture access to the feeder
COre. This is not the case for URM&T7 and

RGZ14U, both these feeders having braided
outer conductors.

Aerial Installations.

There will be a new generation of coated aerials
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using welded construction. Elements of such aerials are
susceptable to bending at the joints and care must be
taken in the installation phase.

Experiments on a typical tower section of 1.5
metres section have shown that the positioning of
aerials is critical when trying to achieve particular
patterns. Such positioning must be related to the angle
and distance +from the structure (face or leg as
specified) and also to any other aerials in an array.

TER information for installations will reguire to
contain details of preferred fixing points, bearings or
relative angles (if required), and distance off Ffram
structure eg. ‘balun to tower  distance which may be
different for indiwvidual aerials in an array.
Additionally, information will be provided on the
earthing and coating of ‘Alachrome’ finished aerials. A
more detailed note on installation practices and
preferences will be found at App 5.

Conclusion.

It is to be hoped that the foregoing paragraphs
have highlighted some of the complexities of selecting
the correct aerial option for a site as well as
considering the items of hardware available. Many
balancing factors must be considered and the “fail to
dipole’ solution resisted as much as possible in the
interest of providing the optimum solution to any
particular problem.

The importance of the aerial engineering at this
stage cannot be over-emphasised and it is essential
that a suitable information feedback network is
maintained so as to solve practical problems which will
occur in the field.
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APPENDIX 1 A.l1.1

AERIAL OPTTONS AVAILABLE

AIMMARY OF TESIGN EXAMPLES
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A.1.82

AERIAL OPTIONS AVAILABLE

Area coverage may be directional or omni—directional as suited to
the users operational needs. For reasons explained elsewhere some
of the most difficult aerial systems to engineer are those
designed +to provide good ogmni-directional pattern from aerials
mounted on the side of towers. The following examples therefore
concentrate on omni-directional array’s or hybrid configurations
where different channels are given specific patterns from
specific aerial array.

The following diagrams give typical performance figures for
transmitter driven array"s. Most array’s are designed to be
reciprocal and when used as receiving aerials performance 1is
similar. In all cases the aerials and their ancilleries should be
tuned to operate over the freguency band in use. In duplexed
systems a compromise is necessary and preference is usually given
to the VSWR over the transmit band. Receive losses incurred are
generally less tham —1dPB relative the transmit path, which 1is
acceptable.

The maximum number of tramsmit channels associated with any omni-
directional aerial system is usually limited to two due to the
hybrid combiners that will be in use. An exception to this rule
is the turnstile aerial and butler matrix combination which
allows 3 tranamitters to be combined without resistive losses.
Two turnstile aerials are available, the double tier with an
inherent gain of approx 3dB and the single tier with unity gain.
The pattern ripple is within 2dB and depending on circumstances
the turnstile may be used with maximums of 3 or & channels. In
addition the multichannel transmitter may be used with any
suitable aerial system.

Arrayse of 4 slot panels symetrically mounted on a typical 1.5m
width tower develop deep nulls in the pattern when driven with a
0,90,180,270 degree phase sequence. Therefore this array is
generally unsuited for use with the butler matrix.

Horizontal radiation patterns for the arrays to be described have
been measured on the sections test range located at Cheveley
depot. Here a typical 10 metre length of 1.5 metre parallel
tower section top section has been installed to rotate between
bearings such that pattern measuremants may easily be made. The
patterns may be found in appendix 7.
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Aelad

following examples are given :

SLOT FAMEL ARRAYS

a)
b}
cl

d)

e)

f)

gl

h}

il

2)

Single tier of 3 panels on triangular tower. (fig 1)
Single tier of 4 panels on square tower. (fig 2}
Single tier of 4 panels on sguare tower with duplexer.(fig 3)

Single tier of 4 panels on sguare tower operating with
two duplexed channels. {(fig 4)

Single tier of 4 panels on square tower with two channels
using alternative method based on tower hybrid unit. (fig 5)

Two tiers of 4 panels operating as independent transmit
and receive aerial arrays. ( 2 channels ) see (fig &)

Single tier of panels operating with two channels and
providing different radiation patterns for each. Bystem
may be wused in either transmit, receive or duplexed
service. The array may be extended in multichannel service
by adding the appropriate combiners etc. at each input.

In this example the coverage is almost omni-directional
for one input and confined to a 90 degree sector for the
other. All panels are driven in phase, however nulls may
be introduced by introducing phase shifts between the
panels as a method of "fine tuning" the array. (fig 7)

Single tier of 4 slots similar to {(g) above but for
providing North & South coverage. (fig B)

Single tier for providing broad beam to N.W. for one input
and omni-directional but reduced to N.W. for other input.
(fig 9)

(Figure 14 shows a comprehensive PDST WARC system planned for
Ilkley Moor.)

Turnstile systems.

al
=} ]

cl

3)

Single turnstile with 3 channels. (fig 10}
Double turnstile with 3 channels. (fig 11}

Double turnstile with & channels. (fig 12)

Multichannel transmitter with six channels operating in

duplexed mode.Shown with two tiers of 4 slot panels. (fig 13)
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SYSTEM LOSS BUDGET
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HARNESS/ ,
MATRIX -0.25
FEEDER -1 SYSTEM 4B +13 =
FILTER =1.5
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AFPENDIX 2

TOWER/ARRAY COMPATIBILITY
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AFPFENDIX 3

PLAKNIRG FROCEDURE CHECKLIST

WARC AERTAL FLANNING - SITE RECQORD
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WARC ASRTAL PLANNING

FROCEDURE CHECKLIST (GENERAL

1.

Chi ek tower, rite and occupancy arrangemente

Customer Hequirement

Flan aerial array and ancillaries

Load Tower

Record

a1

Arvida2



FROCEDURE CHECK LIST (DETAIL)

L3
L]

Check tower, site and occupancy

b BN |
2l

Search records and files
T.1.71 Establish tower type and owner
TeTe2 ©Check if tower replacement is planned

1.7.3 If shared, ascertain limiting agreements
if BNy «

1.1.4 Ohtain original design loading if available

141.5 Frequency plan in use {Broadcast and Linking)

Cuatomer requirement

2

2ud

2.3

WARG

.2

3.3

Services in use

Za1,1 Fresent commitment ) e e
3

2.1.2 Futurs commitment ) ©F information

Qperational requirement

Z2efal Type of cover reaulred

7.2.2 Specinsl patterns?

Other users

Ze3:1 HNew poaitions required?y
2.5.7 New agreemantse?

ferial Array

Consibr WARC options

%2121 Types of aerial available
T.1.2 Types of combining aveilable
3.1.%3 herial! Polarity Commitment
Space available

3.2+71 in tower

Z.2a2 in building

Practical Solutions

%.3.7 PFhysical constraints of tower and

acceesories (brackets, fecder supporte,
trays, loeding ete)

Awided



%.t Produce design

Load Tower

4.1 Produce load achedules
4.1.1 Aerial layout schedules
4,1.,2 herial listing (p.Gh}
4.1.% Aerial losding (p.8E)

.2 Submit to structural engineer
{(with original loading data if aveilable)

Record

5.1 Hetain copies of design under alphabatic =ite
name list

.7 Cross reference user with appropriats parts of
alphabetical list

%
»
A

Update current records.

a3
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APPENDIX 4

DESIGH CPTION HARTWARE

1.  BQUIFMENT AVAILABLE

2. POAM FEEDER INSTALLATION KITS
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HIGH WH- BANLDY S1TE: [YPE:
descripticn frequency oand - guantity HD part no.
5.0t panel 140-160 Mhz
dipole panel T43=136 Mhz
dipaole folded HD 143-154 Mhz
dipole folded LD 143-156 Mz
dipole end fed 143-156 Mhz
groundpLane 152-1%6 Mhz
143-148 Mhz
2 element yagi 152-154 Mhz
143-1458 Mhz
3 element yagi 152-156 Mhz

145-148 Mhz
A element yagi (BSCH 152-156 Mhz
& eolement vagi (B/C)  163-14E Mhz

Double Turnstile 143-1536 Mhz
Single Turnstile 143-154 Mnz
4 way nyb matrix dbole 152-156 Mhz
142-148 Mhz
sgle 152-15%6 Mhz
143-148 Mhz
"% hybrid (buildingy  152-156 Mhz
T% nybrid ttower? 152-156 Mhz
isplator 150 watt 152-15%4 Mhz
isolator SO0 watt 182-156 Mhz
machined AC splitters
4 Way 152-156 Mhz
1435-148 Mhz
3 way 122-156 Mhz
T43-148 Mhz
2 way 152=154 Mhz
143-148 Mhz
Machined transformers
& : 1 ratio 152~-158 Mhz
143-148 Mhzr
3+ 1 ratio 152=-156 Mhz
143-148 Mhz
211 ratio 152156 Mhz
143- 148 Mhz
TX filters {mainl 152-156 Mhr
R filters (main) 1462148 Mhg
kX Distribution amp 143-148 Mhz
Juplexer ‘handpass’ T43-1586 Mhz
1

Bl



LW AND WIDE WHF BANDS S5ITE: TYPE:

description frequency band quantity HQ part ne,

dipocle pansl 70 - BL Mhz

dipele folded HDA 70 - BL Mhz

dipole folded LDA 70 - B4 Mhz

dipole fclded HDA{FCP} BO - 102.1

dipole endfed 70 - B4 Mhz

groundglane T0.5-T1.5 Mhz
B0 - B4 Mhz

2 element yagi 70.5=71.5 Mnz
80 - B4 Mhz

3 element vagi 70.5-71.5 Mhz
B0-84 Mhz

4 wWay hybrid matrix 70.5-71.5 Mhz

20 — B4 Mhz

1% hybrid tbuilding? 70 - 72 Mhz

TH hybrid (tower) 70 - 72 Mh2

isalator 200 watt 70 = 72 Mh:

isclator 200 watt 70 — 72 Mhz

Machined AE splitters

L wWay 70.5-71.5 Mhz
B0 = B4 Mhz

3 way FO.5-F1.5% Mhz
g0 — &4 Mhz

¢ way r.5-71.5% Mhz

Machined transformers

4 ;1 retio 7R.5-T1.5 Mnz
80 - B4 Mhz

3+ 1 ratio 70.5-71.5 Mhz
&0 - B4 Mhz

Z 1 1 ratio TO.5-T1.5 Mhz
B0 - 84 Mhz

T¥ filters 70.5=71.5 Mhr

RX filters @ 80 - 84 Mhz

R¥ AE distribution amp 80 - 84 Mhz
puplexer ibandpass) 70.5-84.0 MhZ
Z way hybrid RX widehand
4 way hybrid RX Widehand

2 exicting at most sites a5 a PYE filter

a7
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RADIO LINE EQUIFMENT AND HQ IMTERFORCE/INTERBRIGADE

ZITE: TYPE:
description frequency band gquantity HD part No
iselator 27 watt 152-15%6 Mhz
isplator 150 watt 152-1%6 Mhz
isolator 25 watt 143-148 Mhz
isolator 150 watt 143-148 Mhz

Link T¥ or RX filter 15%4-1564 Mhz
Link TX or RX filter 146-148 Mnz
X distribution amp 134-156 Mhz
RX distribution amp 146=148 Mhz

TE hybrid {tower? 154-154 Mhz
T4 hybrid (tower) 146-148 Mhz
Tx hybrid {building? 1564=156 Mhz
TX hybrid (building? 146-148 Mhz

Machined harnesses etc, included in main eguipment descriptions.

L way machined
3 way machined
2 way machined

4 way coaxial
3 way coaxtial
2 way coaxial

4 ;1 transformer
3 : 1 transformer
2 1 transtormer

Thru=Line Wattmeter panels

RF LOAD RESISTORS 25 watt
RF LOAD RESISTORS 100 watt
RF DIRECTIONAL COUPLER FANELS

1/ INCH FOAM CABLE
7/8 INCH FOAM CABLE
URM74 COAXTAL CABLE
URM&T COAXIAL CABLE
214 COAMIAL CABLE
URMTé COAXIAL CABLE

4R
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CONNELTURS SITE: TYPE:

descriotion gquant ity HO part He

arto syit RGZ14/RG213 & URMET

K TYFE MALE CASLE ENTRY
M TYFE FEMALE CABLE ENTRY
K TYPE FEMALE CABLE EMNTRY
(PANEL MOUMTED?}

DIN 7/76 MALE CABLE ENTRY
DIN 776 FEMALE CABLE ENTRY
DIN 7/14 FEMALE CABLE ENTRY

BITO S5uit Andrew 1/2 inch heliax

N TYPE MALE CABLE ENTRY
M T¥FE FEMALE CABLE ENTRY
N TYPE FEMALE CABLE ENTRY
(PANEL MCUNTED)

DIN 7/16 MALE CABLE ENTRY
DIN 7/14 FEMALE CABLE ENTRY
DIN 7714 FEMALE CABLE ENTRY
(PAMEL MUUNTEDD

ciTe suit Andrew/kKabelmetel 778 dnch neliax.

N TYPE MALE CABLE ENTRY
TYPE FEMALE CAELE ENTRY
TYPE FEMALE CABLE ENTRY
(PANEL MOUNTED)

= =

DIN 7716 MALE CABLE ENTRY
DIN 7/16 FEMALE CABLE ENTRY
DIN 7714 FEMRLE CABLE ENTRY
{PAMEL MOUNTED?

d)To suit URMT4

MW TYPE MALE CABLE ENTRY
K TYPE FEMALE CABLE EMNTRY

N TYPE FEMALE CABLE ENTRY
[(PANEL MOUNTED)

elTo 5uUit URMTH

BKC MALE - TABLE ENTRY
BNC FEMALE CAELE ENTRY
BNC FEMALE CABLE EWTRY

{PAKEL MOUNTED?

a9
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CONNECTORS Ccont)  SITE: TYFE:

quantity HD} part no.

N TYPE MALE CABLE ENTRY
K TYFE FEMALE CABLE ENTRY
N TYPE FEMALE CABLE ENTRY
(PANEL MOUNTED)
f) INTERSERIES ADAPTERS

DIN 777¢ TO N MALE
DIN 7/14 TO K FEMALE

W MALE TO BNC FEMALE

A0



ANTREWS ‘%‘ INCH FOAM HELIAX LDP 4SS0 wosvrpssstenrsasspspasranensnsrsztnn

N TFE mﬂ M.IFE mm m' ]-44"; EER LR R ERNTREEEEN TS RN R ER RN L LN RO N ]

N T™YPE CONNECTOR FEMALE ANDHEWS NO.I4AN tevtrsrwstrecsrtrsdassssnstnans

PML mm mﬁ mm SAR G B FEAFIASAPFAFERFESFISERENS FF PASGEFrHIaR

OR ALTERNATIVELY

EABELMETAL & THCE FOAM CELLFLEX OFE" CT2Y S0 OHN sessasscsmca-sasnasssu

¥ TYPE CONNECTOR MALE 155 270 01 sicvscrcrscsrtrasrrarsrnssanssannbrans

H TI-PE WDR m 155 211 01 IEERERE R NERERE NS EEE N NN LE RN LN N XN NN EN)

¥ TYPE CONNECTOR FEAALE BULEKHEAD MOUNTING BN 74 75 03 aeceesasscssssens

Eﬂ{:u 'I“:EE PL‘AEII Z'DDD 153 m4 C"’I [ER AR EE BE AR RN AE BN EET R BN LERENRN BN BN L NJ

{1 TUEE PTR 4 CONNECTORS REQUIRTD)

FAARTWARE FCR &% CABLES

EARTHING EIT TYPE
REMCLAMPS SIZE R1

1511 D?j 01 [ PR EREEER A EER BN R YRR ER SR RR RS RE SR EEE AN RN N1

LR R R Y R N Y PN R N

STJ‘.I.ME EIIEE mma E.,%:- EGH x g mIT LR R A RE LR R LES EEEY S EES ANNEERN]

m‘ms mmﬁ g. Hm (RN LN LA LR RS LR LEEIEREEEEEELRERLNELERN LN LN EERN)

I53.4.

41

WRF2T
CH3 9B
CFC15¢C
CA15/1¢C

WRIF26
cHClca
CRO1T
CReIT

W12z14x

22144
MEC200

H11751/
H11751/
w151/



Ald .2

F A" FOAM DIELECTRIC CASLR

mms{r mm mﬂ mmmﬁ-ﬂj LR AR ER RN LERERSE EN LEEREER LELE R LR LR N R L] mz}
H T!PE mmﬂ MJE mﬁ m‘ 1!45‘“ LA RN REERERN EERE AR RN I AR TR I RN ERN SN N ] mcaﬂ
HTTPE mmﬂ F'F}L!I.LE m. 1'45“- LR R E L LR RN TRESEIEREERERF SR AR RS ERERREERY] m15.!.

OR ALTERNATTVELY

KABELMWTAL ¥ INCH FOAM CELLFLEX OF £ CU2T 50 OHM savescscasssensiassensss WAF2D
H TYPE CONNECTOR NALE 155 470 01 suersnncnscs-sesspssnsssscasanssessasss CHO10B
H TIPE CONNECTOR FFHALE 155 411 07 w.ueerscrinnracrnransasnsmensgnassnas CRCITA
N TYOE CONNZCTOR FEMALE BULKHEAD MOUNTING BN 73 31 04 sevesnasescscarasss CPCITB
5000 TUBE PLAST 2000 158 004 01 cassesvscusmvesrssrersirarnrsnssveses N12214B
(1 TUBE PER 2 CONNECTORS REQUIRED)

EARTWARE POR £ INCH CAHLES

FARTHING XIT TYFE 154 296 01 cussseessnssssnsnscnansrsarssssssarseasss H12214
AFMCTAMES SIZE B siavissvesntaivbiosceiierrirsmisnbaresanasasssesvnseses MHE03
ITAINLESS STEEL STUDDING 85 THCH X £ WHTT wesesvavasernsssessvrssnsnsss M11751/5
STAINLESS STEFL NITS 3 WHIT savscsasasssarsnssnassnrmacns saasssecaress NIT751/T

STAINLESS STEEL WASHERS E R R R R R R N A L L R R A N N O N mTTﬁ‘I;’B

ISE. 3.
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AR o ; Ee] o - . i [P
Table 31474 Dleotive: Values foe FE0I0 Pooediver

Arcunt of Tegreadation BElooking Signal =t 1':s

From Vonicd Sifnsl

1242 to &EB 3I1/D =4 0o B
124% fo 114E SIWAD =5 0dEV
e0d3 To 144F EINAD =4GR

Leote: For 1238 EINAD in REED, rf dnpat level =< 2uV enmf,

5 Irntermodulatian

2

Irtermedcieticon ozeurs when two or mors cerricsrs mix in e
non-linear juncticn to preduce & maomber of other fragusncies. IT
thaese intersicduleticon frogquoncice frll om oitheor 92 mein or mobile
receiver inpus fregueoncies, then interferecnco to the wenbed signal
anours. The rslative sigmel Zevels will dictate whether this inter-
fer=nce ia ot an accopiasle level.

The surm of the intezers of ths frecuercies gernsrating thae

iphemnedulats on prodvet fregusnsies defines the 'order! of thaz
wroduet ez 17 tho I Treguency C = 3A - 2B, the sun ef the irtegers

ie five anmd the I product Zz Tifth crier,

Inter-ciulatiom can goowe Iv throe niiv @rsice
;

3.3,1 Transmitter Quiwout Stages

Receiver inmut stages
Don=-linzer retallic elemsriz of the serislpo, masto, metzl

-% Transmitter cutput stages
fences ste, (knovm as the frusty bolt' effect)

oot M

To reduce the level pf IMs gzrereted dus To the wwanted
coupling between trarsmitter cutput stages, filicrs, isclators
end Zneressed zeriel declaticn may be enployed 85 apnrcpriate.
{5ee Liagram 314/5 for performence charecteristics of items to
e purchased for the FOE)

Kote thet any 2idditicnel item connected in series with the
traasritter output eculc slsc ho a scurce ol IM geneoration and hence
qust heve a low Il performance level to be effective.

%,.5,2 Fooepiver Input Stages

Te prevent inmtermeodulaticon occourring in the reooiver input
ctagee, filters tuned to reject uwawanted tranmifier frccucncios
may be incerporzted 1lr gerdes with thes receivar serisl dinput.
(CEIT apegificetion reguires receivers to have an 1 rejeoction ratic

of TC@.B.]‘

3lheet 4 of 11 Izzue 1 Juame 193%
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INSTALLATION FRACTICES ANE PREFERENCES

1. Tower and Aspial Orientation

Tower and asrial orientation should be basec on Magnetic North. From an
observer positioned at the centre of the structure bmse ares, legs should be
coneecutively numbered with leg 1 being the first leg encountersd when moving
in B clockwise direction from Magnetic North. In an attempt %o aveid confusion
end provide standardisation ssveral examples are illustrated at Note 1.

Aerial locations on & structure should be referred to as & height in metres
followed by a leg/face identification. ie 36/1 for a leg mounted aerial;

6/ 1-2 for a face mounted aerial between lege 1 and 2. All heighte should be
taken to the centre of the balun, usually the centre line of the supporting
boom.

2+ Referencee and Records

Future Technical Engineering Bequirements or Instructions will centain as much
information as posgible to provide & deta base f{or recording purpoeses as well

as the technical information needed to produce optimum resulte. The "As fitted"
record should reflect the original document and must not be amended to suit
local preference such as height in feet or differing leg numbers.

All proposed chenges or alterations should bte ootified as soon as possible to
the Frequency and Site Flanning Group (F5PI) For authorisatien or incorporation
in Headguarter records as may be necessary.

Loacal records should be accurate and contmin most of the information noted
below for ease of fault identification and rectificationt

a, FPhyrical information for the site record is to include merial type
and make, feeder tmil length with connector type and gender, together
with harnesa arrangements if applicable. Mechanical fittings and fixture
types and sizes oay need recorcing to cover differing tower leg sections
and imperial or metric thread sires. Heference to hoom slesve sizes may
alsoc be reguired.

b, Electrical inlormation will neec to be initisted on installatian

in order to afford a comperison at a later date. Basic reguirements
would include V3WR checks, resistance and insulation measurements and
Tiwe Domain REeflectowmeter signetures. EF phase meagurements may be
required in the case of power division or asymmetric splits and co-phased
BITAYS.,

3. Feeder ldentification, Terminstion, EBarthing and Sealing

Feeder cables should be identified at each end and at the foot of the tower.
Associated aerial tails should be identically coded. JIdentificetion should take
the form of a number code. This will prevent any embiguity currently caused by
numerous colour code ringse fading due to the elements. In mest cases number
codes will not exceed two digits.

A list should be displayed within the building detailing aerial, feeder number
and function.

As current ED acrisl specifications dictate that a plug will be fitted to the
aerinl tail it is expected that all feedere will require a socket at the tower end.
This situatlon apy require a double check and subsequent reversal if @ harness
system is to be used. It is seen by some manufacturers to he a more simple
construction exercise to use all sockets on mechired harnesses.

41
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Gable harnesses can be specified similarily to aerials, calling for a plug
on the harness tail which subsequently allowe the standard use of a socket con
the aerial feeder cable.

A1l cannectors and earthing kits should ke made op in acoordance with
mamafacturers instructions. Attention should be given to detail at every step
as the standard of these joints is paramount to the overall system efficiency.
"Connectors and joints should be made up under dry and warm surroundinge whereve
posaible. Mating snd sesling should alse take place in similar cenditions if
molsture i= to be excluded.

Earthing kits should be Titted cleose {preferably within 1 metre) te the tower
connector and bonded to the nearest feeder ancher point.

In order to carry out adequate sealing Tor external connectors and earthing
connections it will be necessary to withdraw the covering boot away from the
aerial teil connector. In the past this heas proved to be a source of water
retention. Hext, wind on a 'weather beard' everlap coating of bleck self
amalgamating (Rotunda) tape, onee in each direction if unsatisfied with the
first wrap. This should be followed up with a top coating of 'Dense' tape in

a thorough attempt to exclude the ingress of driven water under the mosi arducu
gite conditions. Yo date these are the most elffective methods known to the
departments.

4. Tittings and Fiztures

A wariety of aerial fittings and fixtures are available and are usually

added to over a period of time. Following United Kingdonm manulacturers
cxourslions inteo metrication and recent amalgametions of past well-known
companies, it is necessary to keep a watchful eye on thread sizes ae these

are prone to change without notice. This is, unfortunately, outside Home CFTic
control.

In orcer to provide a locking function all nute should be tightened down
onto spring washere placed on top of {lat washers, all of the appropriate
size for the thread concerned.

All bolts, nutes washers, ihreaded parts, pins, hinges, wire, eyes, corner
rlates and prips sessocisted with encillery equipment and fittings and fixtures
should be given a light coating of grease, or be similarly protected, before us

A comprehensive list of ancillary equipment is provided for reference at nots 2

5. Standards

A higher level of accuracy will need to be achieved if aerial systems are to

be installed to the standerds required of operational aerial patterns for the
post WARC commitment. This will require renewed effort and concentration on th
part of the merial teams, with particuler attention to QA by the Charge Hand
derial Rigger.
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H.0. PART NC.

MHC 205
MEC S00
MHC 701
MHE 207

M 5uEY
M 5939 A
M 593% B
M 5337

MHC 120
MHZ 121
MHC 127
MHC 123

34 T2
A 332
Ah O

M121248

M 117515
M11751/6

M11751,/7

M11751/8

Ml2572

ML2572 A
Mi2572 B

AEA 2041
BEA 20/2
AEA /3
BEA 2074
AEA 205
LEA 20/6
REA 200
REA 2008
AEA 2049

Aeine

APPENDIX S NOTE
ANCILLARY EQUIPMERT
LESCRIPTION

Remclomp FOO (For use with URM &7 cables).
Remclarp Rl (For use with 1/2" Ffoam cables).
Hemclamp R3 (For use with URM 7% cables).
Hemclarp RS (For use with /8" foam cables}.

Lindapter clamg

Lincapter nut & stwd 3.7/27 ° A Whik.
Lindapter nut & stud 2" = 3/8" Whit.
Iindapter packing piece

E£" Dlasticlip
Q" Plesticlip
12" Flasticlip
Y Ieentilication tak

lanclin grease
Denso tape

‘Hotunda tape

Stainless steel bolt 67 = 378" Whit
Stainless steel stud &.1/2"7%/8" Whit
Stainless steel set screw b.1/2""3/8" Whit
Stainless steel full mat 38" Whit
Stainless steel flat washer 1/2V*5/8" Whit

Stainless steel Carrisge bolt ME ' 150mm
(With first 75mm threaded)
Stainless steel nut-Mo size
Stainless steel flat washer, MG clearance

[M& Liems above are all for use on standard,
Admiralty pattern cable tray).

2.1/2" Gelvanised Plate and Saddle Clamp
T, Gelvanised Plate and Saddle Clamp
.1/2" Gulvanised Plate and Sacdle Clamp
L, Galvanised Plate and Saddie Clamp
L.1/2" Galvanieed Plate and Saddle Clamp
b.73/% Galvanieed Plate and Saddle Clamp
5", .Galvanised Plate and Saddle Clamp
5.1/2" Galvanised Plate and Saddle Clamp
&" Galvanieced Flate and 3addle Clamp

(HO Drawing rumber O1/262/1/1 refers
to all imperial plate and saddle clamps).

1T

QUANTTTY



H.0.

AEA
AEA
AEA
AEA
AEA
AEA

AEX

PART RO

21,1
2147
EAN
21/h
2179
21/10

23/1
23/2
23,3
23/k
239

2376

23/7

24
247z

2473

2L/4

2h/5

DESCRIPTION QUANTITY

BUmm Galvanised Plate and Saddie Clamp
75w Galvanised Flate and Saddlie Clamd
d9mm Gelvanised Flate and Saddle Clamp
Y0mm Galvenised Flate and Saddle Clamp
170mm Galvanised Plate snd Sadule Clamp
195mm Calvanized Plate and Saddle Clamp

(HO Drawing number 0l/263%/1/1 refers
to all metric plate and saddie clamps).

Aerial earthipg distribution panel, type A
(For use in equipment rooms).

herial earthipng distribution panel, type B
(For use in equipment rooms)

Aerial earthing distribution panel, type C
{For use in egquipment roams)

ferial emrthing distribution penel, type D
{Blank). {(For use in equipment rooms)
Aerial earthiog distribution panel,

4 panel mounting (rams

{For uee in equipment rooms)

Aerial earthing distribution panel

£ Panel mounting frame

{For use in eguipment rooms)

Asrial earthing distribution panel

2 * frame mounting brackets.

(for use in equipment rooms)

For detailed information on the above building
sarthing system see HO drawing numbers:-
0126811

01/268/1/2

01,/269/1/1

01/27C/1/1

01/271,/1/1

0L/275/1/1 and 01/3155/1/1 in reapect of mssociated
connectors suited to individual panels.

Galvanised Flate 45 degree Tower cleat

g/w Z*B'""1/2" Whit. J bolts and U bolt

efw galvaniged 172" Flat and Spring washers
Galvanised Plate, 45 degree tower cleat

U bolt 2*1/2Y Whit

for 4% degree tower cleat

o/ zalvanised 1/2" Flat and Spring washers
Jd bolt A"°1/2" Whit

for 45 degree tower cleat

c/w gelvanised 1/2" Flat and Spring wachers
J bolt B"*1/2" whit

for 45 degree Lower cleat

c/w galvanised 1/2" Flat and Spring washers

J belt 10"*1/2"whit
for 45 degree tower cleat
c/w galvarised 1/2" Flat and Spring washers



ABA 2446 Jobalt SIS Whit
For 4% degree tower cleat
¢/w galvanised 1/2" Flat and Spring washers

(HO Drawing number 01/%151/1/1 refere
to the 45 degree tower cleat assembly)

WWh E 172" Whit clearance, plated epring wassher
M1366 A 12Frt.* 1.29/32" AMuninium scaffeld pole
M1366 E 20Ft.™ 1.29/22". Aluminium scaffold pole
M12379 20Ft.* 1.29/32". Galvanised steel pole
[ (118 Base plate for 1.29/3%2" poles
HE951 Norstel joint pin
Ma7G8 F Single Norctel clamp
M274B B Doutle Norstel clamp
METLD Swivel Norstel ¢lamp
Mol g 1.1/%" Norstel sleeve

(converts 1.1/%" boom te 1.3/4" 0.D.)
M58 U 1.1/2" Morstel sleeve

(converts 1.1/2" boom to 1.3/4%" 0.D.)
AEA 36 1.1/4" boom sleeve, (21.5mm)

(converts 1.1/4" boom to 1.29/32" 0.D.)
AEA 37 1.1/2" boom sleeve (38mm)}

(converts 1.1/2" baom to 1.2%/32" 0.1)
AEA 38 1.3/4" bhoom sleeve (44.5mm){converts

1.3/4" boom OR booms fitted with M2795 J
OR boome fitted with M2798 U, to 1.26/32" 0.D.)
M 6212 Galvanised Wall brackets (12" stand off)
Compriging L three leg and 1 twa leg bracket,
ufw a2 = an = }‘/ﬂ.” Whit. U bolts, nuts and
washers.,
M G212 A Galvanised wall brackets (18" stand off)
Comprisging | three leg and 1 two leg bracket,
cfw TR o= 3KE” Whit. U bolts, nuts and

washers,
M 12337 4" Chennel bracket, ¢/w /8" (10mm) Bawl bolt
{Yor use in narrow or reatricted locations)
M 2798 Chimney lashing kit (Heavy dutw)
M 4553 Catenary wire (Jalvanized steel)
in 100Ft lengths
MHC 190 Bulldog gripe (for use with catenary wire)
M 12453 Smm heart sheped thimble
(for use with catenary wire)
M 85563 Wire etrainer {for use with catenary wire)
M 12214 Earthing kit for 7/8" foam cable
M 12214 & Earthing kit lor 1/2" foam cable
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grET=L FARAVETERS & DREIEIGH FUATUR=S G4
1. Garersl

As ths 'ﬁ tZipnal' fregucocney asaiseont Plan hes not yel been
completed by (LRE) Group, it iz not pocsible to be defimitive shout
t} o nrélvmnxﬁr% Bulut ong thal may be required o guarantes the best
end rosy cost-effective frequency corverszicn progracmes for the
Falice #nd Fire emerganey services, Questions needing to be ansvered
to eliminate some uncortaintics ineclude:

ga} wnet is the "mational' freguency plan?

{b Wart srovisions are there in the plen for radic schenes
cxpansions and what are the Users' gepiraticonse?

{e) Taat interrciulation product freguency free assigmrents
can be susarsntecd?

{d) Vhat nrotection level stan nierd is to be adepted in terms
of fereign end local interferenece?

For the sake of this ¥, it will be nececsary Lo plen using
the 'best gqualityt engiresering svailable - in the sbzenge of an%.ers
to the above gquestions. Should & fraguency plarn be nroduced whiel
will allow IUF Tfrzaguenay Iree asgigrments, then 1t shouwld be posg: ._h]_c
tc edopt slmpler crnginesring sclutions in g cost-cllective manner, by
remaval of some cof the sophisticated engineerirg,

Thz followirg parsceters and foatarcs zre = LDIFI_J"'".LLL.LDII of
gome resulis of edperimentaticr and pablished papers from within
tha Directorate, They are te be 2ionted as basss for poat-WiaRED FOF
Flunning.

24 FParaneters

2.1 Main Tranamitter:

Cutput power (mezan) +204EW (10C7)
Target erp +184EyY (637)

242 Mein Heceiver:

IHrmirum subjectively—acceptable signal level =173445% {3V enf
Iute setting Eeve; =137TdEW 1 2pV enf,
Protection retic (on mirdimum zisnal level) 204F

e Link Regosiver:

¥Mirdmum signal lewvel ~1144=7 {30uv erd
Mute seitting level =1234F0 (10uV em:
Protection ratic (on minimum or mute setting
lavel ) 2043
Pade margin (on mirdmum =ignal level) 104z

Sheet 1 of 11 szue 1 June 14883
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2a4%  ruill Toss
lain wrensritter to moblle receiver typically 14143,

This ecguates to o range of 26lm at 150Mz (see Toble 374/1)

Table GN4/1 (Ref FOP(83)21) Ranco-vo-Fath Loss ot 150050
Farse (o) Fath Losz (dE)
5.0 131
17.5 134
200 lig
Zh .0 140
2T a5 14e
300 1473
2.5 4k
| 3h,0 1dn

Fotz: Tocal terreirn mey causz elgrdficent cherges in peth

lozs.
245 D Freausncics
Assume &

th oorier fras sssigrrerts for Folice and #irs fraguarcy
Lands uatil Tthe asney plan is & gnd lhe power levels
established.

s

2.k Ilohile Hosedvor

H
g
o
-

Target mimdmur reeeived signal {3341 cperation) <1234ET7 (10uv
(Thi= level zzy be reduced to =1333F7 (3uV enl) for =irzgle stlail
working)

Liute setiing level =13TdEW (2uV em
Frotection ratio {on mute level) 20d4F
Ge Tcziagn Festures

The reletively close freguency spacing botworn srensoitiers
and receivers on the post=-"ARC bands will re qu*“e filters and isclatc
to reduce the efferts of trancmitter wideband noiss, interaction
betwoen transmitters end raceiver blocking.

5.1 rensmitler Yoise

Ag well es producing the reguired on=Irzguency cﬁ““1p“, noise
voltepes ars producsd as frﬁqlrnc+f3 on either sids of the carrier,.
The levels ¢f these voltages efter a faw IHz spread, althﬁJ.J &t a
low level, may be high cnough to contritute significantly to the
rocciver noise and thorehy desraede rocoiver porforranco. Ses Daoble
ons/? for cxamples of menpurcd levels,

wcet 2 of 11 Izsuse 1 June 198%
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Tahl=s 354/2 lesazured Prarsmitter lNoise Levels

Trenscitter Type Foiss Lewvel (dBEW) |
Furk Air (lein Tx) =107
Karconi RCT82 (Wein Tx] | =17
Fye T150 (Tink Tx) 1 =1e3
Pye UL50CL (Ldnk Tx) -15%

A1l the sbove measurcd in S0Hs barndwidth.
For conversicn to ctiher banpdwidtas:

50Hz o 1Hz 17d=B
S0Hz te 1xIz 134D
LAz to T.5kE= 2243
50Hw To 1CkHE= FAdB
50Ez To 1l5kHm 2rd3

Kote:s Che levels messured in “he WAHD evalustion sarples
will be subsztituted as they become evsilable,

et Rlecok

Thiiz ig defined as 2 charge, generally s reducticn of the
autpus pover (er SIVAD retic) inm a recoiver oo jaated to 2 wanted
siansl, dus to an unvamted sifmal on another frecasnoy over Ths
TCenis 41 to 410 ard =1 to -=100HzZ fron the wanted slignel frethﬁﬁﬁ-
The tlockina 19"¢1 el any fraguency within the rarss specified =hoald
it be loss ey LU0CENY 2wl (=4310W) ¥ st the i“dht to the Tecelvel
Texeent for rnu“1rt responses) at which peint a8 wanted sigrel 5INAD

of 1748 iz reduced io 605,

The ausic qgfL s of the 6dE SIFAL lewel is sunjectively un-
eprabls =o it is sugpestod that o EGﬂE mrcin 1s used de the
wax rur lavel of an _n evler+n5 {tlocking) signal should not excesd
BOagEy erf (=53d447), &t the input tc the rzceiver - see the loop

equ&tiona gllached to thiz GU,

Taules GVL/3 and 574/4 list messursd blocking performance
levzls for current nein arnd linak reocivers.

Table 374/3 Eleocking Valuesz for L150 =nd U450L Peceivers

Vented 3ignal Ievel Flocking Signal Tevel
For Blipat lLegradation
=113457 (30uv safl) =221V
=1Z33EW (10uV m-if ~2 Dd BY
=173343% {3uV  anf) =254E0

# llome Cffice Zprcification

Zheet % of 11 Issue L Jume 13E3
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AR o ; Ee] o - . i [P
Table 31474 Dleotive: Values foe FE0I0 Pooediver

Arcunt of Tegreadation BElooking Signal =t 1':s

From Vonicd Sifnsl

1242 to &EB 3I1/D =4 0o B
124% fo 114E SIWAD =5 0dEV
e0d3 To 144F EINAD =4GR

Leote: For 1238 EINAD in REED, rf dnpat level =< 2uV enmf,

5 Irntermodulatian

2

Irtermedcieticon ozeurs when two or mors cerricsrs mix in e
non-linear juncticn to preduce & maomber of other fragusncies. IT
thaese intersicduleticon frogquoncice frll om oitheor 92 mein or mobile
receiver inpus fregueoncies, then interferecnco to the wenbed signal
anours. The rslative sigmel Zevels will dictate whether this inter-
fer=nce ia ot an accopiasle level.

The surm of the intezers of ths frecuercies gernsrating thae

iphemnedulats on prodvet fregusnsies defines the 'order! of thaz
wroduet ez 17 tho I Treguency C = 3A - 2B, the sun ef the irtegers

ie five anmd the I product Zz Tifth crier,

Inter-ciulatiom can goowe Iv throe niiv @rsice
;

3.3,1 Transmitter Quiwout Stages

Receiver inmut stages
Don=-linzer retallic elemsriz of the serislpo, masto, metzl

-% Transmitter cutput stages
fences ste, (knovm as the frusty bolt' effect)

oot M

To reduce the level pf IMs gzrereted dus To the wwanted
coupling between trarsmitter cutput stages, filicrs, isclators
end Zneressed zeriel declaticn may be enployed 85 apnrcpriate.
{5ee Liagram 314/5 for performence charecteristics of items to
e purchased for the FOE)

Kote thet any 2idditicnel item connected in series with the
traasritter output eculc slsc ho a scurce ol IM geneoration and hence
qust heve a low Il performance level to be effective.

%,.5,2 Fooepiver Input Stages

Te prevent inmtermeodulaticon occourring in the reooiver input
ctagee, filters tuned to reject uwawanted tranmifier frccucncios
may be incerporzted 1lr gerdes with thes receivar serisl dinput.
(CEIT apegificetion reguires receivers to have an 1 rejeoction ratic

of TC@.B.]‘

3lheet 4 of 11 Izzue 1 Juame 193%
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%ated  Pusty Bolt Zifcel

To reduce the effect dus to ftho acrials and mast, scroconed
end low IN source acriazls will be reguirec, A reduclicn in tremsmitle
powers nay alsc have a nmarked sffect for thosze schemes that car toler
E reduction in erp (from the target of 63W as proviously stated),

See Disgrem GH4/€ attacked to this GN waich is beged or the results
¢f measurcments taken cver a pericod of Zime et COC by 1ir B § Kesble,

4, Toop Zoustions

Fleese sez attacked lcop eguaticn sheets, Thesz are some
pogsikle meihods of ensuring that the link and pain receivers ars
protectsd to the speeified levels of intermoculaticn and blocking
cffenots, By using this gereral rethed, any configurstion may be
caleulaeted, It L2 g requirement thet these caleulations be recorded
onn the syetem planning file ard to this =nd & standerd format is
to bhe davised.

Shect & of 11
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Loop Frustions = Police Malin Hecedver Frotestiom 3¥a

e,

IVF Prouection Tewal

Lute level = =13TdEW

Virmur accepieble sunjective gigral level = =1744Bw
Preseetion margic = 2048

Thus IlF protection level recuired = =1544EW

Blecking Protecticn Ievel

Specification reguirement (1o 6 I
Protecticn margin desirabls = 7
This blocking protection lswvel = —£343W

WARC Filter Snecliications

Type 1 (T1) Type 2 (F1) Ax (F2)

=50

win [ —

L -0
+

142 156 M= 145 156 LTz 143 148 HE L

[
o
=

Loop MNetwork

e = ZOCET ¥ . ,
P 5th crder IL conversion
SEA - is S04E.
1E2 ; 204E e
e . .

Clroulstor
] e aim
y— Insertion lazs = 12E
+20aET 71 "—'1 Isolation = 254E
T
1G4 .
1z 4048
Iz
JRx1
14n
i
Woorder I level to iixl drnput = -1513z7, Z:lloving rowsd 1ock.
mlocking loo 1o [ dnpat = =E2¢EV, [ullowing rouns 1oop.
“kus, both TUF protection and bleckirg protection lovels wre =schieved.

a - "y
thin caloualn

(Foto: Teeder lose kot dingluadsd in “iang )

Shzet B of 11 Tazas 1 Junc 1303
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Ioop Bousiions = Fire Hain Heceiver Protection alig

TP Protecticr ILewvel

ute level = =1%743W

limirur seespbable subjective signal level = <1240EY
Froteciion mergin = “04B

Thus 1P protsction level reguirec = =154CFW

Blocking Protection Icvel

Specification requirenent (to 643 SINAD) = -4343W
Proteoiion mergin desirable = Z0CEEB
Thus blocking protection Jewsl = =£34EW

VARG Filter Speaificeticons

Type 1 (F1) Rx (F7) Tx (73]
-l-' _1 [~ "'1 -I
ds dz éH
=20 M =0 4t - =40 —t -
145 15t = TU BQ o1 1E2 ToL.5 T1.5% 152
Loop Letwerk
Fl
e R it
N Cumxe
‘Jrf_z 2CdE Prd ormler IID coxversion
. i 3043
| R Cirealetor
—— ‘ Ipsertion loss = 143
71 I Isalation = 2548
Wz A0LE
y
o=l
&2 ﬂﬂ
IHz 1]

Calgulaticn _
) erder T level to 13x1 input = ~lEUGEY, follewing round loop.
Togeking lovel to BExl input = =523, follon irg rouni loop

Thus, both LUP protection an? tlecking prowocticrn levels core achieved.
(*Tote: fecdzr loss ret included in the cal catetions)

E:ihr'segt 3 of 11 Iz=sue 1 Jnne 1955
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oon Rouations = Tink Feceiver Zrotection - Caze 3 al
q

T Protecotion Lewvel

ute lecwvol = =123%38W []f.';.i'-.r 2,0, ote that normel rirvioam 13k
zignal level should be —114dBY (30uV e.n.l,)

Protectien margin = 2043

Thus 107 protection level sasuning worat cese = =143d4E7

glosking Protection Tevel

Prectical tests show that a signel of 20487 just degrades & wanted
r

signal of =12315W.
Thus blocking protecticn level = =2043W

WARC TFilter Specificeticrs

i3 i3 =30 -
a8

- -
pym ¥ = = Ll " i =0
14t e 1ac 1Y T L ] + ]J,
. 4 - ke Lam S [ells -"*{
- - Ey
Loop Netucrk
[ T

&3]
=

LIx
Sth oprder I corversiontds
is ECQEB.

f=h)
L
¥

W

Ixl i
E\ -

Circulator

A 1 y— Inscrtion 1;{:_53

e ——I Tecliztion
atid A

154 |

1=z 4B

Sth erder I lovel o IRxl Zrput o= =1594FY, Lfollowing round 1oobe
Floeling lovel o Lixl input = =2240V, Tollowing round Lool. )
Thus, both I protsctieon and blocking aroteclior levels ars scninved.

{hcter Feadeor lost net included in the calouletionsa )

4 -

Sheest 10 of 11 Taous 1 Juns 1503
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Leop Zouations - Tine Heceoiver Proteciicn - Ces

I P Prptosti-m Tavel

Li

L]

Fute level = =10%02) (10nV cuml.f. ) ¥eote thet normal mirdmam link
cignal level szhould be =11£44Z7 (30uV e.m.f.)

Frotection margin 204n

Trus IP provection level asswning werat cess = =14%d3EW

ol

Blucking Froteation Lewel

FPractical tests show that a siznzl of -Z0d27 just degredes & warted
gignal of =1234FV.
Thus blockinrs nrotocetien level = <2CAEW

WARC Pilter Zpscificetions

Type 1 (71} Type 2 (F1) Rx {¥2)

148 156 iIz 142 155 1Ez 113 146 172 7z

=
(]

2

Sth order I corversion

Triz]
147

e
—r- Q. -
T L SR T

Gth o order I level to ISxl dimrat = =1EGEEW  folloving round loop. Lo
rhie gkould be added 1CLE for the difference in power ‘levelr de =1:E8ab'7,
Hlocking level teo IRxI drpat = =P24EW, following rcund the lccp.

“hus, both I preotectiion and bloskirg preotecticn levels are achievad,

{Fotz: Fueder laogs nol ivweladed dn tho crlowlsticons)

Shezt 11 of 11 Izzue 1 June L1553
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AERIAL SYSTEMS GNE

1. General

Tt will be the task of the Aerisl Flanning Group to produce
standard aerial plans, with reference codes, for hill-top site mast
dressing - for both the temporary facilities and WARC FCP phases,

4 list of hill-top siteas, with the apecific aerial fits to be adopted

will be produced.

2 Iisison Ar=aa

Iimison betwaen the Aerial Flanning Group and the WARC teams
will be am follows:

(1) Mr Hill will work with Mr Fielding's team
{2) Mr Armstrong will work with Mr Smith's team

{3} Mr Bridgeman will work with Mr Mariin's team

e Aarial Arrays

The use of single aeriale on the side of the mast gives rise
to directional aerial patterne and tower-excited intermodulation
rroduct frequencies (IMPs). In general, aerial arrays will be used
for post-WARC schemes, Exceptions may be for single-channel zitea
or where site owners refuse permission to fit mdditional aerials.

4. Aerigl Typee & Usage

Note that the merial gains shown are referred to a dipole
in fres space (which in turn has a power gain 1,76 dBF above an
isotropic radiater).

Foth E~ and H=-plane beamwidihs ere shown although only
H-plane beamwidths are considered for general planning purposes.

4.1 Folded Dipole: Gain = 0 dB
Unacreened dipoles mey be used for aingle
channel =sites or where no cother aerial or
geystem i= possible,
Dipoles with reflecting sereens may be
used = normally in an array (single ring
or two rings siscked and co-phesed),.

4,2 Turnstile: Gain = 0 db (nominal )}
Comprises four dipoles with booms welded
to 8 Bingle pole in a symmetrical ring.
Also contains & ground-plane and &
sereening sleeve,
Can only be used on the top of the mast,

F
Oac e
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4.3

4ot

4.5

4.7

i.8

4.9

4,10

Double Turnstile:

End-7ed Dipole:

Groundi=Plane:

8let Panel:

2=Element Yagi:

3-Element Yagi:

4-Flement Yagl:

t-Element Yagl:

Adlia b4
GN&

Gein = 3 4B (nominsl)

As for single turnstile but comprises two
rings of dipoles co-phaced,

This aystem has an increased wind loaded
area which may restrict itas use.

Gain = 0 4B
Can be used for gingle-charnel sites but
only where the top of the mast is free,

Galn = 0 4B

Can be fitted if the top of the mast is
free, May be used in an array (normally
four) with a Butler Matrix combirer to
provide good horisontal radiation patterns
for up to three chammele.

Gain = B 4B

Consists of a skeleton slot in fromt of

& BOTEET,

For a pingle ring of four panels, the zain
may be O 83 to =2 dB, The cross-sectional
gize of the mast will affect the h.r.p.
Using two rings and co-phasing will provide
% dBF gain.

Cain = 3 4B o o
Beamwidth to 3 4B points = 62° (], 95 (R}
Bandwidth w.r.t, centre-frequency = - 6%
Pront~to-back ratico = 124

Used with main transmitters and receivers
where h.r.p. shaping, or some improved mast
imelation is reguired.

Gain = & 4B o
Beamwidtk to 3 4B points = 58° (Z), 74" (H)
Bandwidth w.r.t. centre-frequency = %5
Pront-to-back ratio = 1&dE

Use as for 4.7

Gain = 7,5 4B & o
Beamwidth to 3 dB points = 58 (E), 74" (H)
Pandwidth w.r.t. centre-frequency =t 5%
Front-to~-back reatio = 15dB

Use as for 4.7

Gain = 8.5 4B a o
Beamwidth ta 3 dB points = 56 (E), 64 (H)
Bandwidth w.r.t, centre~frequency = * 5%
Front=to=back retic = 1EdBE

Used mainly for radic linking but, in welded
form may be used for main transmitters and
receivera if required.

Sheet 2 aof 7 Issue 2 October 19873
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R Combining/Splitting Methoda

The following methods are used for equipment combining, cr
splitting, from & common aerial (or array). Many of the davices
used are reciprocal in that they may be used either for combining
or splitting purposes.

el Hybrids = Transmitter Combining

Aerial

Txl | Tx2

Each hybrid has two input perts, an output port and a load
port. Power loss, per tranemit leg, is 3.5dH. The isolation beiween
the input ports is typically 30 dB. The load is usually rated to
thet of the highest power transmitter comnnected to the hybrid.

Hybrids msy be caecnded but each addition further aplits the
available power by half, Thus, only & maximum of four transmitters
would be considered to be combined by this method (ie 7dB loss per
transmit leg.

In the 1807 hybrids used, on arm is 334 with all the othar
arpns A/4. Use iB made of thie factor im providing the isolation
between transmitter input porta. Thg path length from eech port
to the opposite port differs by 180" when comparing the top and
bottom routes.
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E.2 Hybrids - Receiver Signal Splittera

gzall 3-port (one aerial input and two output ports) signel
gplitting hybride may be used for receiver cirecuits to provide
serial sharing on two-channel sites. Por three or more channel
operation and where signal losses can be tolerated eg on high
signal level link paths, receiver hybrids having three or more
cutput ports may be mcceptable, Where such losses cannot be tolerated
then asrial distribution smplifiers will be reguired - see 5.5,

BE.5 Power Eplitiing Harneeses

2=Way J-Way 4=Way
L P X
N/ ‘
Y N
L L

These are generally formed from co-axial eable seciions and
may be used for signal combinirg or splitting - the power division
being 3dB per split. In eddition, an insertion loss, over and above
the power split, will ke about C.543

5.4 Duplexers

S w—
N

E f.kJ//f ~ |

|
|
Tx r | Duplexer| | Rx ‘

i

| I

Tuplexers permit simultaneous transmission and reception, uszing
g common aerial, with little or no mutual interaction., Three types
are in common us&age:

{1} Co-axial eable, Formed from critical lengths of cable,

{2) Cavity resonators, Bandpess or reject-mode cavities are
coupled ¥ias critical cc—-axlal harnesses,

(3) Spectrum dividing filters. Theee are bandpass types and
coupled wvig critical ceo-exiel hernesses.

Sheet 4 of 7 Iosue 2 Cctober 13B3
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The spectrum dividing bandpase filters are the preferred type
ard will bte used. They are physically smaller than cavity typee for
the same power rating. Typical minimpum frequency spacing between
transmit and receive sections is 4 MEz, with insertion loss per
gection of 1 4B and isclation 7O 4B. ﬂ

| G, |

L =
| f:%r) {_\’,.;j/ | Spectrum Dividing Filters
L_;ii_.__ 3

Tx REx

5.5 Aerial Distribution Amplifiers

—

ADLA

Rx1 |R18 '

The amplifiers are active devices and are used to feed up to
eight receivera from a common aerial. Gain ie generally O dB to 6 4B
and isclation between output ports is 2C dE. Bandwidthe will depend
on the design and partieularly which filter is fitted, For WARC FCF
use, the Aerial Pacilities unit contains a spectrum dividing filter
providing bandpass at 143 to 144 MEz and 146 to 148 MHz whilst also
providing a reject noteh centred on 145 MH=zZ.

To provide the required 'redundancy' stipulated for active
devices, two aerial distribution amplifier units shouwld bhe used
in conjunction with & passive receiver splitting hybrid.

Hybrid
ATA LDATJ
¥
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£E.6 Butler Matrix
A O v I
]
—
N4 Section
%+ 354 Sections
All othera are
v A4 Sections
10 4 .
Prase relationships between input and output ports
Port A B c I
180 180 180 1BO Note: */4 = go°
2 1BO 270 PO 450 /4 = 270°
% 180 360 180 360 Lre&rees
F 180 450 360 23>0
HEPs using single turnstile array
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The Butler Matrix enables up to four transmitters to be
cornected to four merials, Power at any input port is split equslly
between the output ports. Losses using thies configurstion are low
(typiesrl insertion loss = 0,5 d3) and the isolation beiween ports
ig 20 4B, The phase relationskhips between input and output ports
are shown in the table with the correaponding horizontal radiation
pretterns achievable when using a turnstile aerisl array.

It should be noted that in-phase, or 90° relative phases
between the aeri%ls will produce reasonably omni-déirectional coverage
patterns but 180 relationships (as in 3) will not, Hence, omni-
directicnal cover may be obtained for three transmitters with a
fourth one showing directional properties and may he of limited
practical uee,

sheast T of 7
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Selected Array Fatterns

A 10 metre section ot standard aerial tower
recently erected at Cheveley Depot has enabled aerial
pattern=s to be mepasured with a high degree of accuracy
and repeatability.

Fages 1 to 4 of the attached pol ar plots
illustrate the patterns obtained with some frequently
used single aerial positions. Figure 5 shows the affect
of two aerials used with a combining harness; this
pattern is eminently suitable Ffor temporary FOP
farilities use.

Himilar aerial fits to fig I using post—WARLC
frequencies wWill not have the same omni-directional
properties due to the shorter wavelength 1in use, see
fig &.

Fig 7 shows the pattern achieved using four 150Mhz
slot panel aerials combined with a four way harness,
Figs 8, ¥ and 10 are slot panel array patterns wsing

wvarious cplitting and hvbrid combinations to
electrically steer the coverage for any particular
channel . The limiting Factor 1s the total la=s

tolerable in channel combining and steering hybrids
when conmidersd against the minimum ERP reguired.

Fatterns may also be adjusted by means of lateral
(sideaways} offset and polar {angular?} shift of
individual panels pn the mast structure.

Fig 11 shows the pattern achieved by Lhree slol panels on
i Lrjun.l_;u]ur Lower section.
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Ao Tadd

Felded dipolie 0.25% stand-off
from corner of sguare tower

100Mhz

Cheveley Jan B4

Fig. (1)
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Froglded dipole 0.23% stand-off (&3cm)
from face of sgquare tower

1G0Mhz

Cheveley Jdan B4
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stand-of+t

Folded dipole 0.&67F%

from face of square tower

100Hhz

heveley Jan B4
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[4Bcal

stand=off

from fare of square tower

Foided dipole 9.1&M

100Hhz

Cheveley Jan EB#&

Fig. (4}
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Two Folded Dipoles.

Stand-otf

14Bcm}

LAk

af square

from foce

(1.35m}

tawer

1G0OMh

Cheveley Apr 04

Fig. (&)
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A-T.8

Twa Folded Dipoles.
Stand-off .lex (30Dca)
from fece  Of square
tower (1.3m]

144Mhz

Cheveley Apr B4

Fig. (6}
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2.3mn between

(1.5,

-

Slot Fanel Array

Sguare tower

1444h:

Cheveley Apr 84

Fig. {7)
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Array 2.3m hetwaen panels

at Panel
Square tower
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144HMh

cheveley Apr B4
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A.Tul2

Slot Fanel frray Z.3n between p:

Sguare tower (1.5m}

Chi N,E,&6 ——
ChZ G,E, 6 —: =—

156Mhz

Cheveley Apr B4

Fig. (0}
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AeTa13
Slot FPanel firray 2.3m between pam:

Sguare tower (1.%a)
Cheveley Apr B4
Fig. (10)
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Polar Co-ordinatn

 Graph Dats Wof §477

B M L
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ATaD

THREE 5SLoT PANELS ON

TRIANGULPE “TowER SECTIO
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