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= amaximum frequency not exceeding 3 kHz.
Schedule D - .. le for data transmission and other special purposes.

5. oL +i '+ 7+ orestringent than the parameters quoted must
be s.. ed at ..o time of orc ...ng.

6. DC lines leased by DNST are to Schedule C standards.

Line ' >t

7. .8 . l..sare .. iedbyun’ :numbers which are allocated as the
line rental agreement is comple”ad.

8. The line numbers depend on the type of line involved and the renter:

(1)  DC and Audio lines are given a Private Wire number (PW ............ ).
This relates to a particular duplex circuit between two stations.

(2)  Data circuits are given an* ..ber D/xxx............ where xxx is a 2 or 3-
letter code identifying the BT region from which the line has been
rented, eg:

D/SD South Downs (PORTSMOUTH)
D/LNW LONDON NW (NORTHWOOD)
D/SCW - Scotland West (FASLANE)
D/PLY - Plymouth (PLYMOUTH)
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12. .. .»IDFthe: _2~... 1. thelineisd. . \© .u&r nasthe
“junction of maintenance”. This point divides BT respc.. ., ‘rom that of Station
Staff.

~ N
13 LI ' I

13. Land... sar.: .. r. toca ,(:or-dio. T. ... 2maintained by PSA
orthe ”~ tostan J4 . | 1in JS 321 (usua,, more: * ‘ngent than those for
BT .. JK). Somecir.. ... . rried by microwave ..:s, us. '.~where the terrain is
difficult or for reasons of security. These links are maintained by Army technicians.

ri rii

- 14. A Communication Link of . . 0 600 km may be provided by the use of UHF
tropc. .. cric sc: 2r(around 800 V. Z).

15,  T...Tdropc . is in a cor.. .1t state of turbulence which gives rise to local
variat 1in he refractiv- i>.dex. "'hese variations cause scattenng of a wave passing
‘hr s 0 "¢ oo Theinko . of th < cattereu: amw 2 . 43 greatly on
o b LU awlititis deflected. The lower effective path is .....ed by the
(Ut oa32n 2w, i theipperbylieit asings . erar, ,Ie, causing larger
scatter auenuation. Th=se limitations limit the 1.urizo." ": , :au. Thus there is for

any ... .1 alimited vc .. ..e of air which is . .Jtive forsc..  ..g, and the antenna
beam *. dth should in general be de. r. .d to cover this scattering volume. Aerials
must obv'ously be of P’ " ¢ "1 and the sc. ' . angle kept as small as possible.
Beam widths are of the order of 1°.
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Figure 2.2

16. Thefac. ... ..c v@C.’ .d signal\ .. contain cc ", .ats arriving with different

am\ ©sand..a_ rrelatio.. ™ >, .es iise to distortion of modulated signals.
Food . of the scatter area by means of narrow beam aerials alleviates this.
F_iab’ is u™ zrincreas. “use of four receivers and two transmitters giving

quadrup. 2 space/polarity dive, " giving up to 99.9% availability.

17. . 1 7 role of such a system is installed at GIBRALTAR for the NATO service
with LISBON at 905 and 845 . 4z. Six tr¢ “lic channels are provided, each capable of
voice, or sub-division into 6 v.f. telegraph channels, plus an engineering channel
(Voice or RATT).

.. EeomnOe UiV Wi NG Cua U~ Communications rely heavily on
Troposcatter Lmks DCN circuits UK — GERMANY and UK — NI are also via
troposcatter.

. ~ng Haul Communications

19.  Communications between fixed sites at home and abroad, or between fixed
sites and mobiles (eg ships) are achieved by three methods, other than tropospheric
scatter, described earlier. Each method involves different engineering practice, and
often one method is used as a standby for one of the others.
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NOTE:- % Future Planned Engineering Crypto.
o Additional CDMAs in Paratlel, enhances Traffic capability.

Figure 2.4a - Basic o« .com Signal Flow (RN)
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de 2 _n "+ 6 2 od satellite ground terminals (SGTs). Both of these
sta. ..o woCOri . ' andiinetor jor shore hec 4w ters for the transfer of

data, voice ¢ L .2 B8gr .in... nation.

24.  UHF Satcom is controiled by UKSUBCAMS.
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25. o = 7 v acon cwedbyLandlic * i~ Gy T 7 3A). Trose

. S T L T WhRO L other ., woad aal networks as
- v . €4 s .1 ~rcircuits they are actue. .y pro© ~ oy the autho .28
intre... - n. ,..C' - . circuittravelsov. . .~ .. . STOFF JE
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oo T - are itisnet . TR
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L 2 res T isi v, ryh 1w e L o dtothe
MDF and L~ inasim™ ~mannerto| “onal Lines. Extra:" s are often required for
Exe. ..>as or O _.2 . on, to .. ~7 rented transmitter suites (ie Ascension or Bahamas).

Negotiations for these extra requirements are initiated by DNST. These circuits are
engineered by T=LEX.

LFand HF Pr, _ "on

28. Themacrity ~* “Nand RN =leet Ship/Shore/Ship communications is still by
HF rad th the & 'c ‘on ¢ .F componerits of Fleet Broadcasts and VLF
w3t oot Ul ¢ nciesare listed L. rthe appropriate title in
DCNP 3, whiist all frequenCIes registered for RN use are 1’5" :d in RNCP 5. All major
stations also carry copies of the ... ..national Frequency Register which lists every
frequency registered throu 1 out the world and details of user and registrations.

29. The anomalies and problems concerned with HF propagation are well known
and are summarised at Annex A. [. ever HF path prediction is becoming more

v &« "h~ . methods of ionos.: eric sounding and & 1 ql aids are available to
HF Engineering Centres.

30. Commercially produced (by ' ARCONI) HF prediction tables are sometimes
available in HFECs and are in general very detailed.

N/ . ‘MUF (RNCP 1 - Fleet Addendum)

31. A Hewilett-Packard HP 41 CV calcuiator and accessories issued to the Fleet,
and certain HFECs to aid HF path prediction between any two points on the earth’s
surface. It will calculate path length, MUF, OWF for two stations taking into account
the da” ' measure of solar radio noise, sunspot activity (IF2) as broadcast by
WHITE. ..._.L on afl HF and . ..... ‘. broadcasts and all activated MRLs and SRLs.
RNCP 1 -ives detailson 122, 1. the ;. ram. This device is useful for calculating
HF predictions.
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36. DCNP 10,

transmltters

S Trancwtterr ol dastee, N T LTHAGG Ae sed 'S TNISLAND

Do, ouery s hoze. ) 1 be selected
* 7 s’ oown. Rec T s ar ‘sdat. ° "1shore locations
.1ain . ... cted ships. Installation is simple, the equipment being

~1ly aerial and power supplies.

the ,. . ~=nder Direc /4, ...:s all known Chirpsounder stations
giving Position, Start Time, Clock Time and Authority controlling Chirpsounder

37.  The receiver incorporates a display (Fig 2.5).
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Figure 2.5



i. . ... - ~-givesan ... .d>nofsignalsirengths . .. -.:y. Thisis

, ~ uw._ "~ paths and random sign: -, resent. ~rdie,
. . . (. _ againstfr Jencyv. Timedelayisp _ ortionu. to p u.
ST oL s amaakpr LwillR o oL test L - delay,
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Ve R L ers 1l LSuemmen” woplays may .o Lo wod in fre oency
as required.

<".  Anen.ancen... :tothe system is the addition of Transmit and Receive
adaptors. This ena-'~~ a 38-character message to modulate -~ transr'tter up to 63
times« chs _p. Shouid any radio path exist between the two stations this
message . . _ stth..ugt, an obvious aid to circuit engineering.

.LE L OFKEYIN

41. = . . .=fc:. s, types of modulation found in Shore Telecommunication
are f-° . stan. rd, and are summarised below. Telegraphy today is mainly

0 .. .. involving at. Mz : message switches (TARE/AMRAD/OPCON/MEP),
consequently codes used must precisely match the requirements of these devices.

Murrﬁy Code

+
ACTIVE(A), SPACE,
{
2 3 4 5
. | —=— TIME
ONE
, SLEMENT
‘ | _ ____INACTIVE(Z), MARK,
| TONE OFF
' i
- ONE -
I

- v CHARACTER



42. =..ncharacter .. o equaiiength = o a3 of five o ments w5y Eiun
element can be a Mark or a Space, thus giving 25 or 32 possibie combinations, ie:

26 letters/figures and punctuation
Letter shift
Figure shift
Carriage return
Line feed
' nace
~ 1 Space (used inw | :prepar. )

43. . LJauseailelementsareofz C.!I.. .....eachcheracter contains a
random number of marks an " ma. L itisV . ) imposs T . distinguish
indivi~ -ai charactersinast.cam ... rmu. Cr ' ' Gl In U7 onthe two terminal
equipmentspee , ~i~“npaveto - T o I. 't...zacs i sr. Concs Lo

this is known as a SYNCHRC |- .'JS cc Je and is unfit in its present form for use in a
system. It does however form the basis of the 772 unit code.

72 Unit Stop/Start Code

, - — ~—— ACTIVE
START 1 2 3 4 5 STOP
| J, —»TIME
ol
; 1/2ELEMENTS
oo — ] — * INACTIVE

Figure 2.7

44.  In order to synchronise the send and receive teleprinters each character of the
5 unit code is preceded by a start signal (ACTIVE) of one element and followed by a
stop signal (INACTIVE) of one and half elements. (ie ACTIVE commences teleprinter
or autohead action and INACTIVE completes it.) The extra half element allowing
each character to be recognised.

Protected Codes

45. The Murray Code is UNPROTECTED, mutilation of one element will resuit in
an incorrect character being printed. This error cannot be detected electronically as
all combinations of elements are in use. In a PROTECTED code, mutilation of a
code element causes a REDUNDANT character to be produced. This will be seen as
an error and not printed. The most common code containing redundancy used with
DCN circuits is the 7 unit Synchronous Van Duuran Code.



46. ‘ v Tt whereahi i d gree of accuracy is
e e ee e . . J;‘;;.!Hngth are used,

. . F e PR OF T 35 have ~ =~ s and four Spaces.
" nesearc u.. .aycor Lr 0. ofele .al.’ ‘chare used, ie:

~ .
Y

S e
’ . o

‘{f . ) I ’I\ + 7 7 ' ~ i Ivv' . [
LanTL e C R LT CLonsay
. , ‘ , B L 1 ( L.,'J.n'vorltmay PRt
«..omaticallya.. " ..cex vvents to correct the message - known as the ARQ
cycle.
48. Treaziznoreguienentte ntrcl ce start and stop elements into the 7 unit

code as itisasync . 's code, having the advantages over the 5 unit code of:

(i)  Re a1 .cyisintroduced, thereby enabling error detection and
correctic 1 (EDC).

=, ltis syncri. ~ous, requiring no Stop/Start elements.
(3)  Three extra ... .. .2s are available over the 32 of the 5 unit code.

A double inversion in one character would not be detected, but this occurrence is
rare.

Telegr: hicS 2ed

49. " zasurec i BAUDS. The BAUD speed of a signal is defined as the number
of the shortest elements which can be transmitted in one second.
eg 20 msec element - 50Bds
13.3 msec element - 75Bds

As the standard word length is five letters and a space this corresponds to a word
speed of 662/3 and 100 wpm respectively.

BALC D Speeds in use are:

100Bds - Lyme m9&g’ ‘
50 .o - Engvoaan- 0 4lS
75 Bds SR S 1o SN~ - = DCN circuits

96 wui - DCN o |2- channel with ::DC
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51.  The teley aphic '  a will in general always arrive at the receiving terminal
iz et ... ofdis . 1inits form. For example elements may be of un.  .al
len iand/ormu. ", noise. Distortion in a telegraph signal is defir.ed as “The
dis, ~ . ondinting o', O naltransitions (Z to A or A to Z) from theirt.u .

isitior .

52.  Jdllluiise e a@sa. oaigoara.s - ,sm osuredatthe
transition which is displaced by the greatest amount. |t is calculated thus:

% Distortion = == (M © 44
Element length (msec)

However in practice it is measured directly on a Telegraph and Data Signal Analyser
(Annex B). This device _ives au.vui, o centage disto..” ~ reading.
_

cu ! l '
S’ AL START 1 2 3 4 5 STOP

I

»t{mSecs)
° 20 40 60 ) 100 1¢J 150
I —_—
DISTORTED |
SIGNAL |
Lt ) I b 1 t{m Secs)
0 20 6'0 60 80 100 120

0/°

Pt
—ey pa—'" [ J. o JION S5mSec

BISTORTION 2—50x 100 = 25 /o

Fig o 2.8
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Figure 2.9

it can be seen that any distortion in the 9.5 msec areas each side of the sampling
area will have no effect. The machine therefore has a MARGIN to cope with
telegraphic distortion up to:

25 %100 = 47.5%
20

This figure would be quoted as the MARGIN of the machine. (TGN sampling period
2.5 usec.)

54. Modern CRYPTO and EDC equipments employing electronic sampling often
have margins of 49%. The disadvantage of such short sampling periods is the
possibiiity of sampling during a noise peak, producing an error character.

55. There can be many causes of distortion, though using modern electronic
terr.:...al equipment, involving few mechanical processes, it is most likely caused by
the media through which the sign.: = = to pass. As will be seen later many
precal.dnsarets’ .. 1. nocrea“c. ”signal is received. Satellite and cable
circuits usually suffer fromve. "1 .ue _» . 1 (4-8%). Radio (HF and LF) circuits are
much more prone; the signai often becoming unusable, though careful system
engineering can improve reception remarkably.
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57. C...ed by a speed difference between send and receive machines.
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59. . o e _ordis ficele.~ _1ts in a character.

+ |
e —— — ———
ST, T | 2 4 5 <7
( , e -t lr e 5
O 20 ‘ (™ (O Holw 120 fe
= - S
!
Figure 2.13
Ali characters are not necessarily affected, » 1ough v..2- . . 2 distortion occurs it is

always associated with the same element. Generally a “send” equipment defect,
usually the ITL.

60. -Acce :ble limits .. rline Lisiortion .. . published in JSP 321. Disto .
occurring over a Radio Path (DCN HF fixed service, | 3L, C... etc) cannotc.. © .m
to set limits and is in general a subject of real-time enginee '~ 7 io keep at a minimum,
though a knowledge of receive telegraph equipment margins enables corrective
engineering to take piace before the signal goes corrupt. This is extremeiy important
when operating into Automatic Message Handling equipment.

MODES OF EMISSI
61. The . ocation of frequency is, as seen earlier, the responsibility of the

International F.< 4uuncy Registration Board (GENEVA), with the HOME OFFICE
acting as our agent. The IFRB assign a frequency and a bandwidth.

‘fGSS

! . I FREQ

e ASSIGNED —

BANDWIDTH

Fiy . 2.14

~



e ot BANDY L TH mus . contd’ . ool % of he radiated

(2~ oao & . =QUE. JY mustbe the centre frequency of the
assi oo . ... .
£..3""  ~ . (AnnexC, ... 222)
"L RV ( - [ VI VI - T arwdomis oy, 3lem of
ST, LTl L ol ieee T T e o e
- . Li i ) R v ,‘U, ., _ o .,“ ’ .,‘t-, s I'— l.l
e cue Lt T T il el Lo and
- S P I L Rl e
CO. " P ' l « - ES iﬂ [N Y Fol‘ [ . e v wi'S O'.:
the F=cummutnt-. . € .7 Prime  Ship | .0oadcast BiiA :. : desc. - 3d:
J2B / 850 / 1 / 75 ie
Abbreviated Shift Arrangement Baud
Ernisei-n (Hz) Speed

Designator

63. | -areinge.. .al concerned with three types of emission: CW, RATT and
VOICE at HF and LF. Satellite Communications utilise RATT and other techniques
for voice which will be discussed in the SCOT module. in general amplitude
modulation is used at HF and LF. Should ELF be used in the future for Submarine
Communications it is likely that Phase Reverse Keying will be used (PRK).

64. It will be noted from the references on emission designators that consideration
is now given to the method of generating the signal. The output wave however may
be identical for two different designators, ie:

J2B - produced by amplitude modulation (fc + fm and fc - fm - unwanted
sideband removed by filter) - Ship System.

F2B - an identical signal produced by pulling a VCO - strictly frequency
modulation (TSK - TDZ). When liaising with HMS INSKIP always quote the
assigned frequency and parameters. INSKIP will calculate and apply any
offset required for single sideband radiation.
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Wherefcis ac.  Uo. om0 ' L Wid v feristis Lo Th transmitterre Lo es
whenthe «isp 5. _d. At25 un (c.a~a word PAR . + SPACE) the keying
speed is of the order of 15 Hz. This will therefore produce harmonics related to the
key .. . ced. ltis normally acceptable to include uptothe ... . ....monicto
preserve signal shape. Consequently a bandwidth of 6 x 15 ~ 100 Hz is required.

66. CWcanbe arre _.J such that the carrier is normally on, but turned off when
the key is pressed. This is known as “Interrupted Carrier Keying” (ICK). This mode
has several engineering advantages but is difficult to read. It is not in general use.
CW uses:

(1)  CW Broadcasts (Secondary Broadcasts).

(2)  Ship/Shore.

(3)  Submarine Broadcast.

(4)  Frequency Availability Broadcast.

(5) “Last Ditch”.

¥ ol

o) . .me iCLs.
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67. ... m:3 3ATT(R: Autom ' Teletype). One frequency is
T .7 wu ' and another for the inactive, ie only one frequency
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Figure 2.16

SHIFT - The i 1 1ce between the two tone frequencies.
ARRANGEMENT - Highest frequency ACTIVE - ARRANGEMENT 1.
- Lowest frequency ACTIVE - ARRANGEMENT 2.

Once : _ ™ ha.7. onics of the keying frequency (BAUD SPEED) must be inclu.'c . in
the bandwidth to preserve signal shape. At 50 BAUDS, signal keying speed is 25 Hz.
Thus to include up to the third harmonic the bandwidth must be:

SHIFT + 6 fo.
= SHIFT + (3x BAUD SPEED)

or for 850 Hz shift at 50 BAUDS = 1 kHz.

“». The dc telegraph signal is used to produce two audio tones, usually 1275 and
2125 " .. These tones are used to modulate a single sideband suppressed carrier
transmitter. In order that the two tones are equally spaced about the assigned

frequ oy the transmitter is offset in frequency. The amount of offset being equal to
the centre frequency of the two tones.

fsc la——  OFFSET I.7kHz —ul f0sS
ya l A

| I
: |
Ny |
| LJI-__L_L_L__.]___I__.. FREQ

e—— B50HZ —=
1275Hz 2125Hz

Figure 2.17
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| oo oo e b Lsyllabus and word, ... ba. . ndis present at

all. - Wl .al _ variation in power in the LSB, the power available for

fv~10 v+ _w.ro 2 caue. ;varie “nsinthe telegraph p . 1-vels at the

receiver. In order to produce a reasonz _ ' constant power in the LSB the voice
baseband is processed in a LINKED COI, PRESSION AND EXPANSION SYSTEM.

i
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300 2.7k 300 2.7k 300 27k 2.9k * 7OHz
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300Hz TO 2.7kHz

VOICE i/P

—

BASEBAND 0Q/P

COMPANDER | ————
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vco ——
z.. Mz 7O0Hz

Figure 2.19 - Lincompex Transmission System
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73.  On Reception:

— . A
. CONTROL

300 2.7k 2.9k+70Hz | 300 27kHz AMPLIFIEER 544 2.7kHz

>
~

% 2.9kHz [ '
1 :70Hz DISC | VARYING DC

—

Figure 2.20 - Lincompex Reception System

(1)  The incoming signal is filtered into its two components.

(2)  The voice baseband is fed to an amplifier whose gain is controlled by a
dc voltage derived from a discriminator whose input is the control tone.

(8) . fier gain is thus controlled by the control tone, and will reinsert the
voice power fluctuations.
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75. Toool.odsof.. o . Keystreams: .in_ v < inDCNarnu Naval

Telecon unic t> i, F.c ' acy .rision and Time Division. A third method,
common to Satcoms - Code Division, will be considered in that module.

Frequency Div - on 't . _(Fu.’:

76.  Asingle FST channel .es1. . utilise the allocate. . ndwidth efficiently. In
FDM a number of FST telegraph channels are accommodated in one sideband. A
DCN HF fixed service (6 kHz B/W) normally carries eight telegraph channels in one
¢ lnordert  w_~2afe rwide shift between the two tones of each
channel « 7 Hz-see Annex A) the channeis are interleaved.

1 3 5 7

]
i 425 595 765 935 1105 1275 1445 16151785 1955 2125 2295 2465 2635 2805 2975
: l 1 1 q 1 1 1 q‘ ] r
| I
| :
| | ; _FREQ
fsc Z 2z A A 2 Z A A Z T A A Z I h A lH

2 4 6 8

Fi_re2. ..

Eight further channels of telegraphy, or an analogue voice channel are found in the
other sideband.
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foo 500 700 1105 1615 1955 2125 2975
Figure 2.23
So in order to receive Chz. .=l 1, apply 2.55 kHz offset and select positions 11 and

16 on the TTVF(B) ¢ ' v I« 2t 1.7 kHz and use positions 6 and 11. The detailed
instruction will be ; **2n in RNCP 1.

78. BT uses FL extensively to gain line economies in both speech and data
transmission as follows:

(1) . -Lin -eachdcline signal at up to 100 BAUDS is represented by a
£ .- of audio tones, 12 such pairs of tones being multiplexed to form a
composite signal at the speech bandwidth of 300 Hz - 3.4 kHz.

(2)  Speech Lines - 12 speech channels, each of 4 kHz bandwidth, are
multiplexed as lower sidebands of carrier system frequencies of 64-108
kHz to form a basic 12-channel group at a frequency of 60-108 kHz.

Improvements in cable design have made it possible to introduce a system carrying
60 telephone channels. 5 x 12-channel groups, each in the frequency band 60-108
kHz, modulate carrier frequencies of 420 kHz, 468 kHz, 516 kHz, 564 kHz and 612

kHz. Combination of the lower sidebands in each case gives a “supergroup” having
a frequency range of 312-552 kHz.

By use of coaxial cables, it is possible to introduce a further level of modulation to
form a “hypergroup” consisting of 15 supergroups. The “hypergroup” has a
frequency range of 312-4028 kHz.
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80. Th'. systemis ..y common on DCN fixed C.vic. w" .. everu. wia. . of
the FO ... ~*~mmay -~.a %0 .2r T .0 two. This system incluc . E:. ..
Detec. 1and Corre .uui using the ARG <, « M.

Statistical Time Division Multiplexing

81.  An extension of the concept of TDM in that instead of allocating high speed
aggregate channel capacity in a fixed manner with each low spe: . ..;ann 2l being
alloce* | its share of time whether it n ¢ us it or not, a staiistical mu . Jlexer will
monitor each ofthe 'c .. ,cou channels atther: = L& cou of thac wianne out will
only allocate high speed channel capacity' . 1 there is aata to be transmitied.

82. ' ..ere the low speed channels ar. lightly u. ....d, it is possible for the link to
handle data from low speed ch« nneiswiw . >~ r ~ate =~ = ~isfarin excess of
the high speed channel s,. . .d. Itis of . ..« *nat the maximum throughput of a
statistical multiplexer is the same as forb: : TDM. Hov... -, the be sic device will
only achieve that throughput when each of the low speed channels is operating at
maximum capacity whereas the statistical multiplexer serves more, but less heavily
utilised chanriels to achieve a higher average throughput across the multiplexed link.

83.  Because the combined data rates of the low speed channels exceed that of
the high speed channei, iarge buffers are necessary in statistical multiplexers. Flow
control is nec  sary in the event of bu, . becoming ov. “uaded.



