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SECTION 1

PERFCORMANCE OF RADIO LINKS IN RESPECT CF PHASE/AUDIO
FREQUENCY CHARACTERISTICS

CENERAL

Jur Uszers reguire simultanecus transmission of intelligence from all the
Hill Top Sites in a Radio Scheme. Since the signal arriving at a Mobile
or 'fixed' Mobile installation may be a conpcsite of anything from two up
to the total of sites in the Scheme, the components contributed by each
Transmitter to this composite zignal must not oppcse each other as regards
modulation content.

Except in special cases, all transmitters must then radlate a signal whoae
modulation components are in phase at zny instant in time. These special
cases only occur where a Badlo Scheme uses a Hill Top Site placed well
outside the territory in which the Modile Units circulate or conduct
business.

The arrangements made in these special cases will be dealt with later.
TCLERANCES

Although the aim is to obtain zero error between =ites, no material
difference between a Scheme employing a =single as against a number of
sites is notlceable until the error between modulation envelopes exceeds
60 degrees of phase.

The noticeable difference is controlled by:

(a) The relative strength of the two Sites as received at the
Mobile; being greatest with equal signals.

ib) The path length difference travelled by the two signals;
again being greatest with esgqual signals.

COVERAGE

The fact that (a) and (b} are both at their most noticeable at the egui-
signal econdition need not be regarded as a reason for avelding such a
condition. The economic use of radiated pocwer takes precedence over both
considerations since adeguate coverage of difficult areas is more likely to
be the requirement. With a correctly phased Scheme, overlap areas are of
no significance as far as readabkility is concerned provided that the

60 degree max difference between sites at any audio freguency, is
maintained.

PHASE AND_ DELAY

Care must be taken at all times to define terms and particularly those
relating to Phase and Delay in our Schemes. There are in fact only two
rartas of the signal path where Phase and Delay are directly related;
those being (1) the Delay Units themselves and the alr path between the
Link Tranamitters & Receivera and (2) the Air Path crwards tc the Mocbhbile
aerial, Direct relationship exists here because the ether has, lor most
purpcses, infinite bandwidth and therefore can be regarded as absclutely
linear. All frequency signals are delayed by the same amourt, ie twice
the frequency means double the phase shift,
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Provided we limit the upper fregquency component to about halfl the cut
of f freqguency, the same can be said of gur Delay Lines.

This latter we do and cur Delay Lines then gualify as linear devices,

The same cannot be said of other components in the Modulation signsl
route and our phasing work has largely centred arcund the latter items,

MEASUREMENTS

With the latter in view, the extent of phase distortion or non linearity
iz known through measurement, and the procedures have been explained in
the HZZ20 Documentation.

It should be remembered that the object of the work is to equalise phase
distortion rather than correct it.

Phase distortion by itselfl does not materially aflect speech recognition, but
different amounts in each signal path to the Mobile, where the usual
composite signal is being received, must be equalised. The =ame cannot be
said where high speed data iz concerned and phase disteorticn inherent in

our Link routes sets limits to signalling speed, if character in the data
stream are not te be distorted beyond correct identification at the
receiving end.

AVERAGCING OF CHARACTERISTICS

Many measurements have now been carried out on all the component parts of
gur Radio Schemes, particularly the Outgelng path to the Mobile. The phase
shift response with freguency throughout the audic pass band for each item
has ncw been established.

The figures chosen take into account the manufacturing telerances in the
equlpment and can therefore be used for the calculation of the correct
values of Delay Line to be ritted at each Hill Top Site, where required.
There still remains the problem of non-frequency-conscious phase reversals
which can cccur throughout the signal route. These can take the forms of
reversed responses from eguipment, such as an incorrectly tuned
Discriminatcr circuit in the Link Receiver or simply reversed wiring in
eguipment or racking, or even wiring differences in otherwise identical
piecez of equipment.

Previously issued information indicates the ccrrect polarity selection to
be used throughout, and a ecareful check for a double reversal must be made.
With the polarity check through from Control to each Hill Top Main
Transmitter carried out, no further measurement of phasing or delay will

be necessary.

SETTING UP PROCEDURE

Using the timing chart procedure, mark in the Link Delay figure fcr the
Lirk eguipment in use, ie

MkI L1800 ...... 450 microseconds
MKITI L'ST ..., 640 microseconds
U4sal...... 330 microseconds

The figure for MkI RLA assumes that no ceonversion to 12.5KHz has been
carried out.
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If tne Scheme teing examined has been converted to 12.5KHz Link Bandwidth
the following should be used:

MkI (Converted to MkII) L1500 ..... 640 us
U4SIL Converted to 12.5 KHz ...... 390 us

Next add the route delay in microseconds to the receliving Hill Teop Site.
In a non-repeater Schere the required cecrrecting delay can be added into
the shorter routes im the normal way. With a repeater Scheme using the
older D of T constructed racks, no additional delay figures need be
added for the Racks.

If. however, a MkII RLA Scheme is being conaidered, the H2Z20 instructions
should be carefully fcllowed.

Seme further explanation of the treatment of phase and delay through MkII
fepeater Racks may be of assistance to those working cn such schemes.

4s the L150 type of Link Egquipment shows considerable phase distortion at
low freguencies, a Phase Compensation Unit (PCU)} i3 added to the signal
path to the second Link Transmitter in every repeated route in a scheme.
Thiz is done to trey and egualise phase distortion and therefore phase
difference hetween those signals arriving at the Mobile from Main
Tranzmitters fed from the first Link as distinet from those fed from the
second Lirk in a Schemea.

In addition, the RLA MkII Repeater Cabinets use an amplifier (CT 4o070)
in tre sigral route whose characteristic is utilised partly as a freguency
sensitive phase shifter and partly as a non-freguency consclous reversal.
Herce the requirement to reccnnect terminals 24 and 25 in the C12 panel.

Reference to the attached table will make the procedure clear. The firat
line norizontally represents the test freguencies used. Immediately below
iz a typical phase versus frequency for an L[150 MkII Link. Next down
follows the phase shift created by the reconnection af the terminals in the
C12 panel, the signal route through the Link and Fepeater catinets and
finally the addition ef the Phase Compensation Unit.

Sirce thke route from Control is longest to Fairlight in the scheme con-
figuraticon the phase shifts in this route are the first to be summated.
Link equipment from the Repeater Site {Knockholt) adds further phase shift
and the path length similarly, making the total inte the Scherme Phase
3nift summation at each audio frequency.

. a] .
At the hignest freqguency {2777 Hz), the total phase shift is 17%%  and all
other routes are made up to this figure using Pelay Lines.

It will be remembered that the phase shift indicated at 2777 Hz equates
directly to the delay in microseconds, so that it is a simple matter to
select the correct Delay values.

Furthermore, it becomes unnecessary to know every phase shift at each
frequency and the figures in the column under 2777 Hz are all that are
required tc choose the correct value of the Delay Lines.

SPECTAL CASES

These arise where a Hill Top Site is placed well away from the service
area of a Scheme.
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This may ke to provide service in a sea-side town which is screened by
high ground from inland Hill Top Sites. An increased delay correction
must be made Far this "out-of-area"™ site amounting to the link delay
plus that of the return path of the moblile,

By adding delay at all cther siter the "out-of-area"™ site 13 brought
electronically "in-area" and will not produce "out-of-specification™
phase errcors with other sites in the acheme.
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KENT FIRE SERVICE
RLA MkII

TEET FREQUENCY Hz 300| 400; TOO| 1000 150(1{ 2000 2500 2777

CONTRCL TO FAIRLIGHT]
PHASE SHIFT IN DEGREES

LINE { TOVIL-+MNOCKHOLT ) =72 -15| +98) +166 | +313 +4U5| «5T6[ +BU45
ROUTE ( TOVIL-NDCKHOLT ) +11 +15] +25| +36 +58 +73 91«10
KNOOKHOLT RYDTR

e

14T 4176 +159 #1687 | +179 +18B| +167| +200

CABTNET + PCU

%“w'r‘ 72| 15| 238 4166 | 13 <b4s| 4576| +645
%@{g‘gfﬂf— +22 +30 +523 +75| #1713 +150| +187 +208
SOEVE PHASE SHTFT +36] +197] +432 610 | +967+1301|+1627]+1790

CONTROL TO KNOCKHOLT]

LINE { TOVIL~NOCEHOLT ) =73 =15 +98 +166 ] +313 L5 +5T76] +645
ROUTE ( TOVIL-KNOCKHOLT) +11 | +15 425 +36 +58 +73 +31) 101

Dmymmngcﬁm .
TO MAKE 17007 = 1053

FHASE SHIFT TO

114 +153 +265 +379 | +569 +758 | +948| 41083

KNOCKHOLT MATN +53 +153 388 «581 | +930+ 7 P41615] 1799
TRANSMITIER
B ST TRLIEn <39 i 429] o33 B oer2l o
HE
(DPUT TO MATN TX'S) 17
. 1
[]
CONTROL T WEST HOUGHAM
LTNK( TOVIL ~COSSTNGTON) +6U5
ROUTE | TOVIL~COSSINGTON) +29
(DESTHNCTON RDTR + PCU +200
LI | COS5W HOUGEHAM) +545
ROUTE( 00534 HOUGHAM) +181
DELAY ADDED TO 1799° = +99
1799°
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SECTION 2
ADJUSTMENT PROCEDURE FOR CFAM, CARRIERS & MCDULATION

The following assumpticons are made:

(1) That an examination of all rack and equipment internal wiring haa
been made to ensure identical paths (with the exception of different
Delay Line settings as required at all but the furthest site from
Control.

2) That the phaze and delay adjustment and measurement has been carried
out on the Link Route to each Hill Top Site in the Scheme, from the
last common point ocutwards from Control to a pelarity of medulaticon
from each Hill Tep Site main transmitter. Care must be taken to
ensure that correct polarity i3 not achileved in any route by a
double reversal.

Preparaticns

It is essential to have a signal strength meter incorporated with the
Monitor receiver. Calibration of this instrument is nat required but the
speed of response of meter display should be such that it be at all times
in step with the AGC wveltage cf the receiver and must not introduce any
delay of its own. The Monitor receiver will be required to operate on FM
as well as AM and therefore should be checked before work commences.
Ensure that a fully modulated AM signal does produce any audic output when
the receiver 1s switched into the FM code.

Procedure

(1) Carrier Checks

Adjust all modulation levels at Control to zero,

Mute all but two Hill Top Sites in the Scheme sc that two carriers only are
being radiated, without discernible modulation.

Poaition a mobile recelving site such that a complete null is obtained when
these two radiations are in phase opposition at Radio Fregquency. Arrange
the drive scurces to provide a slow beat, aiming at 1 to 2 Hz as an ideal
for the adjustment of the Scheme during the test period.

Listen carefully to the nolse level as the carriers cancel with the
Feceiver switched to AM mode. Unlezasz very high sigral levels are involved,
this noise level should compare favoursbly with the noise floor output of
the receiver with the mute open and all transmitters switched off. An
alternative procedure may be used by comparing the noise of a carrier
cancellation point against that from the receiver when switched to a near
neighbouring unccecupled channel.

Listen particularly for extranecous audic noises and the hum level, Hum
levels which are acceptable in a spaced Scheme will easily mar a CFAM
Scheme since they present as residual modulation in the latter. Trans-
mitter faults, such as unstable driver stages; and Stable frequency sources
whose noise output 1s excessive or unequal to others in the Scheme will be
revealed in this test.
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With an impression of the null nelse level in mind, select another Hill
Top Site and remove the muting.

By comparing sites in pairs, any defects in the Link Routes and Hill Top
Site eguipment can be detected and positicn located without abortive
travelling. It may be necessary to move the Monitor receiving site when
the technique i1s applied to a Scheme covering a large User area.

(2) Modulation Checks

Select two Hill Top Sites and position the Monitor receiver in an equi=
signal area as befcre,

Modulate the sites with a sine wave tone at 800 Hz approx and ensure that
the monitor aerial is sc positicned as to give a deep null, when carriers
ocppose each other,

Listen carefully to the resultant signal, particularly to the timbre or
quality of the B0O Hz tone during the null pericds. There should not be
any alteration in quality of modulation as the signals cancel.

Ludio phase errors in the Link route at any particular frequency will

produce distortion and a tendency to increase second harmonic. Polarity

reversal of wiring at Hill Top Sites and in Transmitters can negate a

good result. Confirm the cbservation by switching the Monitor receiver -
to the FM Mode. HNote carrier level using the Signal Strength Meter and

listen for residual modulation. None should be auditle even when the

carriers cancel and the Signal Strength Meter falls to zero carrier

level indication.

Slight evidence of modulation may appear clcse tc the null in the form
of faint scratching nolses but there should be no evidence of an 800 Hz
tone. Check the remainder of the sites in pairs and finally all
together. Choose a location for monitoring which gives deep nulls
oeccasionally from a combination of all stations.

Finally test the Scheme with a clear speech using the same steps.

It will be found that when distortion at or close to null points has been
cleared, then overlap areas and beat rate between carriers are no longer
critical adjustments., The monitor receiver should, with advantage, have

a 12.5 kHz IF bandwidth. This will improve the apparent tonal performance
of the Scheme and corresponds to the results to be obtained with the WARC
channel spacings.
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