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INFORMATION CONCEFNING THE LONG DISTANCE - 
RADIO NAVIGATION A I D  - CONSOL - 

31is c i r cu l a r  contains ce r t a in  operational  and 
technical  information on the long distance radio  navigation a id  - 
CONSOL. The information has been submitted by Contracting S t a t e s ,  
and is assenbled herewith, i n  accordance w i t h  Recommendation No. 16 
of the Comnica t i ons  Division, F i f t h  Session (DOC 7480-~0~/548) as 
approved by Council a t  the Third Meeting of i t s  Twenty-Second 
Session on 27 May 1954, 
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INFORMATION SUBMITTED BY BELGIUM 

(iieport of SABENA ~ i r l i n e )  

O u r  operafional  experience with CONSOL as  a long dis tance a id  to  naviga- 
t i o n  was derived from operations over the  North At lant ic ,  and r e l a t ed  p a r t i -  
cu l a r l y  t o  the  Eushmills and Ploneis s ta t ions ,  a s  the  o thers  ( L U ~ O ,  Sev i l l e  
and ~ t a v a n g e r )  , e i t h e r  had i r r egu l a r  hours of transmission, o r  were located 
too f a r  from the rou tes  normally followed by our a i r c r a f t  (~hannon,  ~ a n d e r ) .  

Owing t o  the  loca t ion  ( ~ o r t h  Ireland and South-west ~ r i t t a n ~ )  of the  
f i r s t  two s t a t i ons  with reference to  t he  rou tes  normally followed over the  
Atlantic,  posi t ions  can be determined with acceptable accuracy by means of a 
t h i rd ,  su i tab ly  se lected posi t ion l i n e  ( ~ s t r o  and Loran), only roughly a s  f a r  
a s  the 25th xer idian.  Eeyond t h i s  meridian the  angle of resect ion becomes too 
narrow ( l e s s  than 30 deg. ) . 

We have noted t h a t  the  maximum range of the  CONSOL, under optimum pro- 
pagation conditions, i s  about 800 NM, A t  t h a t  distance,  and under the  most 
favourable conditions, an e r r o r  of 2 u n i t s  i n  t he  s ignal  count i s  normal. 
Such an e r ro r  i n  t he  d i rec t ion  along which i t s  e f f e c t  i s  f e l t  l e a s t  ( perpen- 
d icu la r  to  t he  antenna l i n e ) ,  produces a displacement i n  t h e  posi t ion l i n e  of 
6 NM. 

In  pract ice ,  however, t h i s  range i s  reduced considerably by in terference 
due to atmospherics and to  transmissions (radio-beacons, radio-range, broad- 
cast ing,  e t c . )  on neighbouring o r  harmonic frequencies. 

Nevertheless, the r e s u l t s  achieved could probably be improved upon by 
the  use of a receiver  spec ia l ly  designed f o r  t h i s  purpose. 

The receiver  used on our a i r c r a f t  f o r  the  recept ion of  CONSOL s igna l s  
i s  the  Belmont B. C .  348 communications t r a f f i c  receiver .  
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Ib~3144TIO M SUBMITTED BY CANADA 

Canada submits four separate repor t s  from operators i n  Canada, but  no 
attempt has been made to  give a co-ordinated analysis  of the  r e su l t s .  The 
comments and opinions i n  these repor t s  a r e  those of the  personnel concerned 
i n  making the  repor t s  and do not  represent t he  views o r  opinion of the  
Canadian Goverment. 

Our experience ind ica tes  t ha t  from standard type i n s t a l l a t i o n s  such a s  
Bushmills and Ploneis and employing our standard medium frequency airborne 
receiving equipment (using beat  frequency o s c i l l a t o r )  we obta in  useful  ranges 
up t o  1200 nau t ica l  miles reception a t  night north of 500 l a t i t ude .  South of 
500 N night time average range i s  about 1OOO nau t ica l  miles. Useful range of 
CONSOL decreases somewhat during daylight  hours. We f ind  t h a t  the  above two 
s t a t i o n s  a r e  generally qu i t e  r e l i ab l e .  

On the other  hand we f i nd  the  s t a t i ons  a t  Stavanger, Sev i l l e  and Lugo, 
on higher frequencies, have considerably l e s s  range and have been operat ional ly  
l e s s  r e l i ab l e .  This has been pa r t i cu l a r l y  t r ue  of Lugo and Sevi l le .  

From our experience we can say t h a t  r e l i a b i l i t y  of CONSOL i s  comparable 
t o  LORATJ, although on occasion adverse atmospheric conditions r e s u l t  i n  t o t a l  
CONSL iiblackouttt f o r  lengthy periods. Generally, we use CONSOL to  supple- 
~ e n t  o ther  navigational  a id s  (including as t ro ,  LORAN, beacons, e tc .  ) i n  the  
Eastern half  of t he  North Atlantic.  

Range and Accuracy 
An zccurate a id  from 35 degrees W to  UK over the Trans-Atlantic route.  

Re l i ab i l i t y  
Has been checked with a s t ro  observation and found to  compare favourably with 
LORAN. 

Ava i lab i l i ty  
Usable under a l m s t  a l l  conditions a t  heights of 10000 f e e t  day o r  n ight  from 
35 degrees W to  UR on the  Goose 3ay to  Prestwick route. 



F i r s t  p lo t tab le  readings obtained a t  35 degrees W. An accurate f ix ing  
a id  Prestwick t o  Keflavik and good fo r  f i r s t  403 naut ical  miles on Keflnvik 
t o  Goose Bay l eg .  Our navigators have cons i s ten t ly  obtained good r e s u l t s  
from t h i s  a id .  

( a )  Range 
Reliable overwater CONSOL bearings can usual ly  be obtained a t  a dis tance of 
500 - 603 NM, Reception has been experienced a t  over 1,200 NMs. 

(b )  Accuracy 
bJhen within 300 MFls of the  transrrdtting s t a t i on ,  posi t ion l i n e  e r ro r  i s  usually 
l e s s  than 8 and 10 NMs, Errors  gradually increase  to  30 - 40 a t  1,000 NMs* 

( c ) Rel i ab i l i t y  
Some d i f f i c u l t i e s  have been experienced i n  usin2 COIJSOL, however, these a r e  
usual ly  traced to  inexperience6 operators.  The Spanish s t a t i ons  of Luge and 
Sev i l l e  were unrel iable  and seened to c lose  down a t  odd hours. 
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1, Character is t ics  of 3roadcasts - PLO?ETS 

- c a r r i e r  frequency: 257 kc/s 
- c a l l  s ign:  TRQ 
- emission cycle : c a l l  s i gn  repeated tk ice  i n  10 seconds, followed 

by 30 seccrds dot-dash keying 
- geographic co-ordinates of base of cen t ra l  tower: 

- azimuth of the l i n e  of towers : 16' l.4' 51" 

2 ,  Equipment 

The s ta t lo r ,  includes: 

- an operations building housing a group of two t ransmit ters ,  each 
being used au an emrgency replacement f o r  the other;  

- three radia t ing t ~ w e r s ;  
- three c o n ~ e e t ~ i n g  l i n e s  between the t ransmit ters  and the rad ia t ing  

towers a ~ d  three-antenna matchicg c i r c u i t s  ; 

The main features of t h i s  equipment are  as follows: 

Transaf t t e ss  : --- 
Ea.ch t ransmit ter  includes : 

.- one p i l o t  cryst,al ca l ibra ted t o  257 kc/s 
- two pcwer amplifiers, one feeding the cen t ra l  antenna, the 

other the  outs ide antennae ; - coupling devices between the amplif ier  output c i r c u i t s  and 
the Lines ccnnec=d t o  the antennas ; 

- a device producing the phase s h i f t  i n  the currents of the 
outs ide antennas and the keying 

The poT&er supplied t o  the feed l i n e s  is 1,500 W f o r  the 
c e n t ~ a l  antenna and 750 'rd f o r  each of the  outside antennas . 

ii) Rxliatiw system: 

The s t a t i o n  has three radiating towers, spaced a t  3,045.1 m 
f ron each othes, i ,e  , 261 times tine wavelength, 



Each tower i s  of t r iangulate  s t e e l  construction, having a height 
of 110 m, and weighing 30 t . 
The a rea  se lected f o r  the i n s t a l l a t i o n  of the s t a t i o n  offered no 
.=ompletely f l a t  surface ,  Consequently, the towers had t o  be so  
s i t e d  as t o  ensure, as f a r  as possible,  conditions ~f general  
topographic symmetry around each of them and equaiitjr of l eve l s  
between then;, 

The e levat ions  of tne f e e t  of the towers a r e :  

north tower: 131.5 m 

c en t r a l  tower : 143.5 m 

south tower : 133 +0 m 

S i t i n g  of the towers was entrus ted t o  the National Geographic 
In s t i t u t e :  it was carr ied out  with an  accuracy of one ten th  
of a second of a r c  f o r  the geographic co-ordinates, and of 
0.15 m f o r  the l e v e l s .  

The towers a re  grounded by copper conductors having a diameter 
of 35/10 of a mm. These conductors a re  placed along the r a d i i  
of a c i r c l e  centred on the f o o t  of the antenna. The diameter 
of t h i s  c i r c l e  is 150 m f o r  the cen t r a l  antenna and 75 m f o r  
the outside antennas . The number of conductors is 120. 

Ground res is tance measurements a t  each tower, by means of 
d i r e c t  current ,  gave the following r e s u l t s  : 

cen t r a l  tower: 1'45 ohms 

north tower : 2 ohms 

south tower : 0.35 ohms 

iii) C o r m c t i w  l i n e s  and antenna matching c i r c u i t s  : 

C3nizect,j on be t w e n  antennas and t ransmit ters  is effected as  
i'o?lows : 

a) by a coaxial  cable f o r  the cen t ra l  antenna 
5) by a e r i a l  two-xire feed l i n e s  f o r  both outside antennas. 

'I'::ase two-wire l i n e s  a r e  3,029,5 n long; they are  joined 
t o  coaxial cables of 100 m i n  length which ensure connection 
between these l i n e s  and the  antermas ( i n  order tz reduce 
hor izontal ly  palarized rad ia t ion)  , 
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Antenna matching c i r c u i t  

The impendance of the  coaxial  cables is matched t o  the impendance 
of the  three antennas by means of three i den t i ca l  antenna matching 
c i r cu i t s .  The l a t t e r  a r e  encased i n  metal housings s i tua ted  i n  
huts  near the towers, The housings a l s o  contain the  HF f i l t e r s  
f o r  tower l i g h t i  ng , 

The antenna matching c i r c u i t s  may be adjusted by remote control  
by means of three  telephonic pa i r s ,  

The rough s e t t i n g  of the antenna phase i s  ef fected by a varfable  
connection t o  an  inductance, The f i n e  s e t t i n g  i s  ef fected by 
remote control  by means of two variometers , 

These two variometers a re  driven by small e l e c t r i c  motors con- 
t r o l l ed  by contact stud switches and placed i n  the t ransmit ter  
build ing . 
Impendance matching indicators  permit the control  t o  be regulated 
from the t ransmit ter  building,  

3 .  Operation 

Pa t te rn  s t a b i l i t y  monitoring is e f fec ted  by means of a nearby 
monitoring s t a t i o n  and remote monitoring s t a t i o n s ,  

a) Netirbg monitoring s t a t i on :  

The nearby monitoring s t a t i o n  is s i t ua t ed  on a s t r a i g h t  l i n e  a t  an 
angle of l o  29' from the normal i n  the d i r ec t i on  of r o t a t i on  of the 
p a t t ~ r r , ,  i , e ,  towards t rue  fJorth, 

The distance from the monitoring s t a t i o n  t o  the cen t ra l  antenna is 
3,385 rn. This s t a t i o n  comprises a small building housing a s ing le  
frequency receiver ,  connected t o  a panel s i tua ted  i n  the t ransmit ter  
building, by three telephonic pa i r s ,  

This panel i s  equipped with a telephone headset and an aperture lit 
by a neon tube,  

When the t ransmit ter  is operating properly, the s igna l  heard includes 
the c a l l  s ign  followed by f i v e  dots  and the equfsignal  a t  the moment 
the neon tube l i g h t s  up, 

b) Dis tant  mo-: 

There a re  six d i s t a n t  monitoring s ta t ions :  
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SAINT-MATHIEU (lighthouse) 

I.E VERDON (l ight ing park) 

LA COURBE (lighthouse) 

ILE DE SEIN (lighthouse) 

PARIS (Service des Phares e t  ~ a l i s e s )  

The s tat ions a t  La Courbe, I l e  de Sein (Sein Island) and Le Havre 
are equipped with ordinary receivers and stand on monitoring watch 
twice a day. 

The s ta t ions  at Saint-Mathieu, Le Verdon and Paris are  equipped 
with receivers feeding a telegraphic ink tape of the type generally 
used f o r  receiving high speed Morse signals. Monitoring is done 
twice a day. 

The s t a t ion  s t a f f  s e t s  the antenna matching c i r cu i t s  on the basis of 
data  supplied by the nearby monitoring s ta t ion .  

When the d i s t an t  monitoring s ta t ions  f ind abnormal var iat ions i n  the 
number of characters heard, they so advise the Ploneis s t a f f  by 
telephone , 

A study of the r e su l t s  obtained has revealed variat ions of a few 
characters from hour t o  hour, i n  r e l a t ion  t o  the theoret ical  values, 
a t  all d i s t an t  monitoring s tat ions.  

So f a r ,  no systematic e r rors  such as the following have been un- 
covered : 

- dai ly or seasonal variations; - ro ta t ion  of the en t i r e  beam with reference t o  the direct ion f o r  
which it is instal led;  

- compression or expansion of the pat tern a s  a r e s u l t  of variations 
i n  transmission frequency or i n  the antenna matching devices; 

Studies have been undertaken t o  f ind out up to  what point spurious 
radiat ion from the a e r i a l  c i r cu i t s  might be responsible f o r  the 
aberrations. 

Up t o  the present, the r e su l t s  obtained have not led t o  any f i n a l  
conclusions . 
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INFORMATION SUIMITTED BY THE NETHERLANDS 

K .L.N. Royal Dutch Airlines, nakes a regular use of the CONSOL 
beacons a t  Bush Mills, Stavanger and Ploneis on i t s  t ransa t lan t ic  f l i g h t s  
f o r  radiolocation purposes i n  the area eas t  of 20' west, Max- distance 
w e r  which these f a c i l i t i e s  are  u t i l i zed  amounts t o  800 miles, 

Spanish CONSOL beacons Lugo and Sevi l la  a re  used on KoLoMe f l i g h t s  
between Lisbon and the Azores. The i r regular  hours of emission of these 
beacons, however, of ten preclude the use thereof a t  the desired times, 

A s  a ru le  reception takes place by means of an automatic direction- 
f inder ,  type NA-1, but when receiving conditions are l e s s  favourable a 
communication receiver, type BC-348, i s  wed. The latter has a more narrow 
bandwidth than the ADF receiver and is moreover adjusted w i t h  a beat frequency 
osc i l la tor  - instead of voice frequency inject ion as is the case with the NA-1 
equipment - which r e su l t s  i n  a be t te r  readabi l i ty  of signals through inter- 
f erence , 
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INFOAXMATION SUBMITTED BY SWITZERLAID 

1 )  Our nat ional  a i r l i n e ,  Swissair, f requent ly  uses CONSOL s t a t i ons ,  on 
f l i g h t s  over the  North At lant ic ,  t o  determine p s i t i o r ,  l ines .  The r e s u i t c  
a re ,  on the  whole, sa t i s fac tory .  Iiowever, it i s  unfortunate t h a t  the 5 Europear 
t e r r i t o r i a l  s t a t i ons  do not a l l  operate i n  the same manner. The accompanying 
tab le  l is ts  the advantages and drawbacks i n  each case a s  borne out  by expe- 
r ience,  

2 We believe t h a t  f a r  be t t e r  r e s u l t s  could be obtained i n  the use of 
CONSOL s t a t i o n s  i f :  

i ) the  navigational  cycle of a l l  s t a t i ons  were similar  t o  t h a t  of 
s t a t i on  TRQ, and 

ii) the port ions which cannot be used a t  present were el iminated- 

STATION ADVANTAGES DISADVANTAGES 

The non-navigational port ion 
s t r e t ches  too f a r  westward 
f o r  f l i g h t s  t o  Shannon, For 
d i r e c t  f l i g h t s  t o  Europe, 
the service provided by t h i s  
s t a t i on  i s  l ikewise not very 
e f fec t ive ,  

This s t a t i o n  frequent17 
s t o p s t r a n s n i t t i n g w i t h s u t  
any warning, 

Navigational cycle f a r  too 
slow, Can hardly be used 
f o r  f l i g h t s  over the North 
At lant ic ,  

BUSHMILLS 

zOTE IS 

STAVANGER 

Favourable loca t ion  f o r  f l i g h t s  t o  
Pre stwick and vice-ver sa. Rela- 
t i v e l y  good navigational cycle ; 
could be even f a s t e r  ( a s  Ploneis). 

' 
The navigational cycle may be 
c o n s i d e r e d a s t h e b e s t o f  a l l t h e  
s ta t ions .  Favourable loca t ion  
f o r  determinirg posi t ion l i n e s  
above the  At lan t ic  not  too f a r  
from Xurope; non-navigational 
port ions well s i tuated.  

Location favourable only f o r  
f l i g h t s  over the  North Sea area.  



STATION ADVANTAGES DISADVANTAGES 

LUG0 

SEVIUA 

Very favourable location 

Location convenient f o r  f l i g h t s  
to Sta. W i a .  Can a lso  be used 
for f l i g h t s  t o  South America. 

Navigational cycle f a r  too 
slow. Does not transmit any 
identification. Large non- 
navigational portions, Does 
not operate on a 24 hour 
basis. 

Navigational cycle far too 
dow. Does not transmit any 
ident i f icat ion,  Large non- 
navigational sectors. Does 
not operate on a 24 hour 
basis. 
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INFORMATION SUBMITTED BY THE UNITED KINGDOM 

a )  THE BUSHMILLS CONSOL STATION commencing page l.4 

b) AN INVESTIGATION OF THE PERFORMANCE O F  
THE WO AERIAL CONSOL SYSTEM 

c )  ?WO REPORTS ON THE ACCUMCY O F  THE CONSOL 
NAV IGAT ION SYSTEM 

d) A REPORT ON THE PERFORMANCE O F  CONSOL 
I N  HIGH NOISE LEVELS 

commencing page 60 

commencing pages 71 
and 84 

commencing page 95 
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THE BUSEIMIUS CONSOL STATION 

Royal Aircraf t  Establishment, Farnborough 

( ~ e c h .  Note No. Rad.398 - m c h ,  1947) 

A.H. &om, M . S c * ,  AeK 1,E.E. 
and 

R.A.G. Cooper 

The report  describes i n  d e t a i l  the fir a t  Consal s tat ion b u i l t  near 
Bushmills, Northern Beland. The design of the equipment closely follows the 
German prototypes, but cer tain remote control f a o i l i t i e  s have been incorpo- 
rated in order to reduce the normal operating s taff  from f ive  to two. The 
s tat ion f i r s t  went in to  operation on an experimental basis a t  the end of 
June 1946, and waa handed over t o  the H n i s t r y  of Civil  Aviation f o r  commeroial 
use on 1st January, 1947. The stat ion i s  now operating continwuely on a 
frequency of 263 kc/s. and with call-sign MWN. 
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THE RUSHMILL CONSOL STATION 

The purpose of t h i s  Note i s  to  describe i n  some d e t a i l  the  f i r s t  Consol 
s t a t i o n  t o  be i n s t a l l e d  under Br i t i sh  auspices, It should be read i n  con- 
junction with an e a r l i e r  paper whioh describes the  system i n  general terms. 

To provide a service  a s  soon a s  possible,  the  s t a t i o n  was designed on 
the  l i n e s  of the  German prototype i n  a l l  e ssen t ia l  features .  Some changes 
and addi t ional  f a c i l i t i e s  have been incorporated, however, which enable the  
operating s t a f f  to be reduced from a minimum of f i v e  to  two o r  even one per 
watch, 

When f i r s t  projected, the  s t a t i o n  was required f o r  m i l i t a ry  operations 
which have now ceased. It i s  l i k e l y  t h a t  any fu r the r  s t a t i o n s  w i l l  be pro- 
vided under the auspices of P,I.C.A.O., following t he  plan proposed a t  t he  
conference a t  Dublin i n  1946. The i n s t a l l a t i o n  of these  s t a t i ons  w i l l  be a 
commercial undertaking so t h a t  t he  equipments used w i l l  d i f f e r  from t h a t  a t  
Bushmills, c e r t a in ly  i n  d e t a i l  and possibly i n  technique. 

20 - DESCRIPTION OF SITE 

To s a t i s f y  operational  requirements, A i r  Ministry requested the  R.A.E. 
t o  s e l e c t  a s i t e  i n  Northern Ireland,  the  coverage to  be centred about a l i n e  
approximately 310 degrees E. of N., corresponding t o  a bearing of 40 degrees 
E. of N, f o r  the  l i n e  joining the  outer  masts. Having regard to  the  technical  
requirements l a i d  down elsewhere, choice was l imi ted to  two reasonably s a t i s -  
fac to ry  s i t e s ,  one i n  t he  v i c i n i t y  of Derrynacross, Co. Tyrone, and one near 
Bushmills, Coo Antrim, The depth o f  bog a t  t he  former s i t e  was too great f o r  
economic construction of  the  s t a t i o n  so t h a t  Bushmills, although by no means 
i dea l  from the  constructional  point  of view, was f i n a l l y  chosen. 

The cen t re  mast and associated t ransmit ter  building a r e  s i t e d  about 61i0 
yards from a main road and telephone route.  The north-east and south-west 
s i t e s  a r e  respect ively  100 and 250 yards from roads leading t o  farms; com- 
parat ively  l i t t l e  work has been necessary t o  provide su i t ab l e  access. 

From the  point  of view of s u i t a b i l i t y  f o r  radio  frequency propagation, 
a l l  th ree  s i t e s  a r e  very poor. For the most pa r t  the  s o i l  is only a few inches 
deep and over l i es  rock of varying hardness, Between the  cen t re  and north-east 
and, t o  a smaller extent ,  between the  cen t re  and south-west s i t e s  there a r e  
l a rge  areas  of peat  interspersed with outcrop of rock. Excavations to  a depth 
of seven f e e t  have been necessary i n  places i n  order to  secure a so l id  bed f o r  
the open-wire feeder supports. In compensation, however, there  i s  l i t t l e  
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habi ta t ion i n  the v i c i n i t y  of and between the  s i t e s  and only one small diver- 
sion of the  feeder route round a hamlet near the south-west s i t e  has been 
neces s a m e  

A locat ion plan on a scale  of 1/25,000 i s  provided a t  Figo 1 and shows 
the contours i n  the immediate v i c in i ty  of the s ta t ion.  Fig. 2 shows the loca- 
t i on  of the  s t a t i on  r e l a t i v e  t o  neighbouring towns. 

30 - GENERAL PLAN OF STATION 

3.1. - Layout 

The general layout of  the  s t a t i on  i n  schematic form i s  given i n  Fig. 3, 
which i s  not t o  scale.  The frequency allocated to  the  s t a t i on  i s  263 kc/s, 
so t h a t  the spacing of the  outer masts i s  5,040 metres, i n  accordance with the 
scheme of assigning three standard mast spacings f o r  frequencies i n  the band 
200-455 kc/so An accurate survey following select ion of the  actual  posit ions 
of the  masts gave a t rue  separation of 5,034.6 metres, a discrepancy of signi-  
f icance i n  the  preparation of operational char ts  and tables.  The survey also 
disclosed a small e r ro r  i n  the posit ion of the  centre mast, a s  indicated i n  
Fig. 4, A displacement of the  centre a e r i a l  does not influence the locat ion 
of the  posit ion l i n e s  radiat ing from the s ta t ion ,  but broadens the equisignal 
between dots  and dashes, In t h i s  case the displacement i s  too small t o  a f f e c t  
the  beam width appreciably. 

Two monitors a r e  provided, one s i t ed  on the r i g h t  bisector  of the  l i n e  
joining the outer masts and one displaced by an angle of 1018', corresponding 
t o  one tenth of the angular width of the  sector adjacent t o  the normal t o  the 
l i n e  of masts. To achieve maximum discrimination, the monitors should be 
s i t ed  2,220 metres from the centre  of the  l i n e  joining the  outer  masts. This 
distance i s  not c r i t i c a l  and f o r  convenience of access s i t e s  were chosen near 
a road a t  a distance of about 2,350 metres. 

3.2. - Buildings 

The transmitter building i s  60 x 40 x 11 f t .  high ( to  the  eaves) and i s  
constructed of 4-1/2 i n -  brickwork i n  accordance with wartime practice.  A 
sketch of the building i s  given i n  Fig. 5 and shows the disposi t ion of the two 
s e t s  of transmitt ing equipment, Ample space i s  avai lable  f o r  the  i n s t a l l a t i o n  
of addit ional o r  higher power equipment, The building is s i t ed  100 yards from 
the centre mast i n  order to minimise coupling between it and the open wire 
feeders leading t o  the outer aer ia l s .  Such coupling leads  to  re-radiation of 
unwanted horizontally polarised signals.  

The buildings housing the  a e r i a l  matching units a r e  of Nissen hut t ing 
16 x 12 f t .  They a r e  much la rger  than necessary but t h i s  type of hut t ing was 
read i ly  avai lable  and was therefore used a s  a matter of expediency, 
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Wf th  regard to  the monitor s i t e ,  the  receivers a r e  unattended and are 
housed i n  a small wooden cubicle secured t o  the pole t o  which the associated 
a e r i a l  i s  attached. Two cubicles and a e r i a l s  a r e  provided, one f o r  each 
monitor. 

3 .3 .  - Power Supplies 

The normal power supply is derived from the 11 kv. public supply mains. 
The nearest  supply was i n  the v i c i n i t y  of the Giants Causeway and about two 
miles of overhead l i n e  had to  be provided. To avoid re-radiation from these 
l i nes ,  the supply i s  brought i n  by buried cable f o r  the l a s t  500 yards. 
Although the maximum connected load is 35 KVA a t  the  moment, a transformer 
capable of delivering 100 KVA a t  a5 v o l t s  three phase, 50 c/s, i s  provided 
and i s  located external to  and a t  one end of the transmitter building. 

Although it might have been more economical t o  provide power a t  the  
outer a e r i a l s  and a t  the  monitor s i t e  from the loca l  public supply, it was 
decided i n  the i n t e r e s t s  of continuity of service to  l a y  cables from the t rans-  
mi t te r  building to  the three s i t e s ,  so t ha t  a stand-by supply could be made 
available t o  the whole s ta t ion .  The use of the radio frequenc overhead 
feeders was considered f o r  carrying i n  addit ion power a t  50 c 7 s to  the outer 
s i t e s "  The s t a f f  engaged on the project  was, however, f u l l y  occupied with 
the design and construction of equipment f o r  the s t a t i on  and the idea was 
shelved f o r  l a t e r  investigation,  

3.4. - Other Services 

In the i n t e r e s t s  of economy of operating s t a f f ,  arrangements have been 
made f o r  remote control  of the a e r i a l  matching uni ts ,  d e t a i l s  of which a re  
given below. For t h i s  purpose a 7pr/l0 cable has been l a i d  from the trans- 
mi t te r  building to  each of the huts  a t  the  base of the masts. Instead of 
following the German pract ice  of using the open wire feeders and an ear th  
re turn a s  a speech c i r c u i t ,  one pa i r  i n  each of these cables i s  used. 

According to  German l i t e r a t u r e ,  the mains cable has been used a t  Sonne 
s t a t i ons  f o r  passing the output of the monitor receivers back to  the  trans- 
mi t te r  building, su i tab le  f i l t e r s  being provided f o r  t h i s  purpose. According 
t o  R.A.F. sources, however, t h i s  device has not proved to  be sat isfactory,  
and a 7/10 cable has been l a i d  a t  Bushmills between the monitor s i t e  and trans- 
mi t t e r  building. 

4. - AERIAL SYSTEM AND ASSOCIATED EQUIPmNT 

L o l .  - Masts and Earth Systems 

An e f f i c i e n t  rad ia tor  cannot read i ly  be rea l i sed  a t  medium frequencies 
without considerable top loading o r  by erection of very t a l l  mast rad ia tors ,  
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"TW o r  glLw a e r i a l s  produce a ce r t a in  amount of unwanted hor izontal ly  polarised 
radia t ion.  Receiving a e r i a l s  such a s  a r e  normally i n s t a l l e d  on ships  o r  a i r -  
c r a f t  a r e  qu i t e  sens i t ive  t o  hor izontal ly  polarised waves, so t h a t  e r ro r s  may 
a r i s e  d ~ e  to  the  mixture of the  two components a t  the  input  of the  receiver.  
The e f f e c t  w i l l  be aggravated a t  night by the  p a r t i a l  r o t a t i on  of t he  plane of 
po la r i sa t ion  of the  hor izontal  component due t o  r e f l ec t i on  a t  the  ionosphere. 

A number of 325 f t .  masts were due to  be dismantled a t  c e r t a i n  R.A.F. 
s t a t i ons  and it was decided t o  convert three  of them t o  se l f - rad ia to rs  f o r  
use a t  Bushmills. A con t rac t  was placed with the  k r c o n i  Wireless Telegraph 
Co., who a l so  undertook the  l ay ing  of  the  extensive r a d i a l  ea r th  systems and 
transmission l i n e s  described below. Supervision of the  ac tua l  constructional  
work was delegated t o  H.Q. 26 Group (now incorporated i n  90 ~ r o u p ) .  

The conversion of the  masts enta i led the  provision of adequate insula-  
t fon  of the  base from the  ground and the  s p l i t t i n g  up of the  guys with insula-  
tors .  Five p a i r s  of porcelain i n su l a to r s  each 12 in .  high and 8 in ,  diameter 
a r e  provided a t  the base of each mast and a r e  arranged a t  the  corners and a t  
the  cen t re  of a square, a s  may be seen by reference t o  Fig. 6 .  The breaking 
load of each insu la to r  under compression i s  100 tons so t h a t  an ample f ac to r  
of sa fe ty  was allowed on the  maximum working load of 90 tons spread over the  
f i v e  p a i r s  of insu la to rs .  nKickingfl insu la to rs  a r e  a l so  provided t o  ca t e r  f o r  
a m a x i m  l a t e r a l  t h r u s t  of  one ton. A l l  t he  guys a r e  insula ted from the  mast 
a t  t h e i r  points  of  attachment and the upper two s e t s  a r e  a l so  broken a t  the  
middle, Egg type i n su l a to r s  9 in .  long and 6-1/2 in .  diameter a r e  used i n  
p a i r s  f o r  insu la t ion  of  t he  guys. 

It was decided no t  t o  r e l y  on t h e  l e g  sp l i c e s  f o r  e l e c t r i c a l  continuity,  
and a 19/064 copper conductor i s  cleated to the  ins ide  of each leg ,  The four  
wires a r e  bonded together a t  the  top and bottom of  the  mast. The four  wires 
a r e  a l so  bonded diagonally by 1 in.  16 S.W.G. copper s t r i p s  a t  a height of 12  
f e e t  from the  ground and a s imi la r  s t r i p  is taken from t h e i r  cross-over point  
t o  the  lead-in insu la to r  mounted on t he  wall  of the  hut  housing the  matching 
u n i t  . 

To minimise r i s k  of damage to the  equipment by l ightning,  a horn gap i s  
mounted on the  base of the  mast a s  indicated i n  Fig. 6. 

Obstruction l i g h t i n g  is provided by four  75-watt lamps, two a t  220 f e e t  
and two a t  325 f e e t  from the  ground. Power f o r  t h i s  purpose i s  car r ied  by 
two- and three-core Pyrotenax cables c leated to  one l e g  of t h e  mast. To pre- 
vent shor t  c i r cu i t i ng  of  the  mast to  ground a t  radio  frequency through the  
obst ruct ion l i g h t i n g  cable, a simple f i l t e r  i s  inse r ted  i n  s e r i e s  with the  
cable. Fig. 7 shows the  arrangement adopted i n  schematic form. The housing 
f o r  t h e  f i l t e r  i s  of the  type commonly used f o r  a feeder  p i l l a r  and may be 
seen a t  one s ide  of the mast i n  Fig, 6. 
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Due to  t he  poor ground conductivity i n  the  v i c i n i t y  of the  e t a t i 2 n ,  ii 

was decided t o  extend the  ea r th  wires to  a radius  of  about half-a-wave-length 
i n  the  case of the  cen t re  ae r i a l .  Since the  ou te r  a e r i a l s  r ad i a t e  a relat3veLy 
small proportion o f  the  avai lable  power, i t  was considered t h a t  r a d i a l s  abcllt 
a quar ter  wavelength long would su f f i ce  and t h a t  t h e  reduced rad ia t ion  e f f i -  
ciency could be allowed f o r  by modifying t he  power d i s t r ibu t ion .  Final ly ,  120 
r a d i a l s  of 11, S.W.G, hard drawn copper wire, of  length 500 yards i n  the  case 
of the  centre  a e r i a l  and 200 yards i n  the  case of the  ou te r  a e r i a l s ,  were used, 

The extension of the  wires along precise  r a d i i  from the  masts would have 
en ta i l ed  considerable expense i n  the  matter  of demolishing and making-good 
hedges and of crossing ditches.  In  the  v i c i n i t y  of the  masts, therefore,  the 
wires a r e  bunched l oca l l y  i n  groups of: f i v e  and fan  ou t  again beyond the  nh- 
st.ruc t.ion . 

Where possible the  wires were buried by means of a mole plough by whk@% 
a furrow is cut  and the  wire l a i d  simultaneously. The furrow i s  very narrow 
and consoli.dation of the  s o i l  i s  unnecessary, Usually a t r a c t o r  was coupled 
d i r e c t  t o  the  plough, Over much of  the  cen t re  s i t e ,  however, the  peat  was to:! 
s o f t  to  bear the  weight of the  t r ac to r ,  I n  such cases t he  t r a c t o r  made a de-  
tour to  f i rm ground and drew the  plough over the  s o f t  ground by means of a 
long inter-connecting ropeo 

The ea r th  wires were bolted and then sweated to  a 3 in .  20 S.W.G. myper 
btls-bar surrounding the mast foundation block. The bus-bar i n  t u n  was sweat,eri 
to 20 S.WoGe copper sheets  covering the  foundation block. 1 in.  16 S,W.G, 
s t r i p s  were taken from the  bus-bars i n to  the  neighbouring hu ts  to  provide an 
ea r th  connection f o r  the  a e r i a l  matching un i t s .  I n  t h e  case  of the  t ransmit ter  
building, s i x  wires were bonded together and a copper s t r i p  taken i n to  the  
cable trench t o  provide a good ear th  connection f o r  t he  t ransmit ter .  The lower 
sect ion of each mast guy was earthed by means of a bonding wire clamped to  i t  
a t  one end and sweated a t  t he  other  end t o  a buried wire sweated I n  turn  t o  
s i x  of the  r a d i a l s o  

4.2. - Transmission Lines 

A t  the  design stage,  seasoned wooden poles of good qua l i t y  were i n  very 
shor t  supply, and it was decided t o  use s t e e l  supports f o r  the  open wire trans- 
mission l i ne s .  Since eighty supports spaced about 100 f e e t  were required be- 
tween the t ransmit ter  building and each of the  outer  a e r i a l s ,  i n su l a to r s  a r e  
used which introduce a minimum of shunt capacity across  the  l i ne .  An insulat.or 
having no metal top cap (designed by the  Marconi Co.) was already ava i lab le  and 
i s  used f o r  the  majori ty of  the  supports. Insu la to rs  of a s t ou t e r  p a t t e ~ n  a r e  
used i n  groups of four  z t  every ninth support f o r  s t r a in ing  the  8 S.W,C. ccpper 
wires to a tension of 200 l b s ,  The wires a r e  transposed a t  t he  same support 
to  minimiss e l e c t r i c a l  unbalance, Detai ls  of both types of feeder support 
given i n  Fig,  8 ,  
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The feeder  supports a r e  normally 20 f t .  high t o  provide adequate c lear-  
ance between the  transmission l i n e s  and l o c a l  vehicles.  Public roads had, 
however, to  be crossed i n  four  places and supports 30 f t .  high a r e  provided. 
Wire guards a r e  f i t t e d  between these supports some s i x  f e e t  below the  l i n e s  
i n  order to avoid in terference with passing t r a f f i c  and G.P.O. telephone l i n e s  
i n  the  event of a breakage of the  transmission l i ne s .  A photograph of p a r t  of 
t he  feeder route, showing one end of  a road crossing, is given a t  Fig. 9. 

The l i n e s  a r e  terminated a t  "anchorn supports a t  each end of the  run. 
Fig. 10 and 11 a r e  photographs of the  terminal arrangements a t  t he  t ransmit ter  
building and the  outer  s i t e s .  Tubular brass  bus-bars connected t o  the  trans- 
mission l i n e s  a r e  taken from one s ide  of the  t ransmit ter  building t o  t he  other ,  
a s  shown i n  Fig. 12 and l i n k s  a r e  provided so t h a t  e i t h e r  control  un i t  may be 
put i n to  operation. 

The open wire l i n e s  terminate a t  a d is tance of about 100 yards from each 
of the  outer  a e r i a l s  and the  feed i s  continued by means of Uniradio No. 36 
cable. This cable has a surge impedance of 63 ohms and a l o s s  of 0.07 db/100 
f t .  a t  the  operating frequency of 263 kc/s. %ulded polythene terminations a r e  
used to  prevent ingress  of moisture. The same cable i s  used f o r  feeding t he  
cen t re  a e r i a l  from the  t ransmit ter  building. 

L.3. - h t c h i n ~  Units 

The a e r i a l  matching u n i t s  a r e  of conventional pa t te rn  and a r e  shown 
diagrammatically i n  Fig. 7. The reactance of the  a e r i a l  i s  tuned out  by means 
of t he  loading c o i l  which has an inductance continuously var iab le  by taps  and 
a variometer between 0 and 390pH, and the  res i s tance  is matched t o  the  l i n e  
by means of a coupling co i l .  The coupling c o i l  can be tuned approximately t o  
resonance by a bank of f ixed capaci tors  var iab le  i n  s teps  of  0.001flF up t o  
0.007pF. Fig. 13 is a photograph of one of the  matching un i t s ,  

Since the  un i t  may requ i re  adjustments a t  i n t e rva l s  of an hour o r  so, 
due to  changes of the  weather, remote control  of f i n e  tuning of  t he  loading 
c o i l  and of the  coupling c o i l  i s  avai lable .  For t h i s  purpose, the  ro to r s  of 
t he  tuning variometer and the  coupling c o i l  a r e  driven through su i tab le  gears 
by small A.C. motors. The d i r ec t i on  of  r o t a t i on  of the  motors i s  governed by 
r e l ays  which i n  turn  a r e  operated by keys f i t t e d  t o  t he  Consol control  un i t ,  
The ro t a t i ng  c o i l s  a r e  connected t o  t h e  r e s t  of t he  assembly by p ig- ta i l  
connections so t ha t  over-running would r e s u l t  e i t h e r  i n  f r ac tu r e  of these 
connections o r  a stoppage of the  d r iv ing  motor with consequent overheating. 
Cams a r e  therefore  f i t t e d  to t he  d r iv ing  sha f t s  which cut  o f f  the  motor supply 
a t  each end of the  t r a v e l  of the  ro to r s  and a t  the  same time provide c i r c u i t s  
f o r  ind ica tor  lamps on t he  control  unit .  Fig. 14 i s  a schematic of the  c i r -  
c u i t  associated with one rotor .  
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A simple un i t  (shown i n  Figo 151, consis t ing of two c o i l s  and a capa- 
c i t o r ,  i s  used f o r  connecting the  balanced open wire transmission l i n e s  to  
the  coaxial  cable. To provide a balanced-to-unbalanced transformation it i s  
necessary only t o  s a t i s f y  the  condition t h a t  the  reactances of the  c o i l s  s h a l l  
be equal, and double t he  reactance of capacitor,  Since the  components a r e  pre- 
adjusted, modification of the  c o i l s  would be necessary t o  ca t e r  f o r  a change 
of frequency of  operation. The work involved is, however, of small magnitude 
compared with the  a t tendant  labour of  re-computing and pr in t ing  new p lo t t i ng  
char t s ,  The centre-tapped c o i l  i s  f i t t e d  i n  order t o  provide an a l t e rna t i ve  
speech c i r c u i t  over the  open wire transmission l i n e s  with ea r th  r e tu rn  i n  the 
event of development of  a f a u l t  i n  the  7/10 control  and telephone cable be- 
tween the  t ransmit ter  building and matching unit hut. In  e f f ec t ,  speech i s  
provided over a phantom c i r c u i t ,  so t h a t  transmission of radio  frequency and 
speech currents  may be fed simultaneously over the  l i n e s  without mutual i n t e r -  
ac t ion,  A 4/10 cable i s  l a i d  between the  centre-tapped c o i l  and the  matching 
un i t  hut  and i s  terminated i n  a posi t ion convenient f o r  the  a l t e rna t i ve  connec- 
t i on  of  the  l oca l  telephone s e t o  

The balanced-to-unbalanced transformer does not  a t  the  same time provide 
a match between the  565-ohm open wire l i n e  and the  63-ohm coaxial  l i n e  imped- 
ances. The a e r i a l  matching u n i t  i s  therefore  adjusted so t h a t  t he  cable pre- 
sen t s  a load to  the  transformer such t h a t  the  open wire l i n e s  a r e  cor rec t ly  
terminatedo This means t ha t  a standing wave e x i s t s  on t he  coaxial  cable, 
By select ion,  however, of su i tab le  reactance values f o r  the  components of  the  
transformer, the  mis-match does not  exceed 3 . 5 h  so t h a t  ne i ther  the  l i n e  
current  nor voltage r i s e s  to  a dangerous value. 

50 - TRANSMITTING EQUIPMENT 

5 , l0  - General Plan 

To ensure a service  with a minimum of in te r rup t ion  due to  breakdown o r  
rout ine  maintenance, two complete s e t s  of transmitt ing equipment a r e  instal.7e3. 
F u l l  i n t e~connee t i on  f a c i l i t i e s  a r e  provided whereby e i t h e r  t ransmit ter  may 
be operated with e i t h e r  control  un i t ,  In terrupt ion of service  due to complete 
change-over of equipment l a s t s  about ten  minutes, most of the  time being pe- 
quired f o r  l i n i n g  up the  control  un i t ,  The two s e t s  of equipment, shown i n  
Fig,  12, a r e  i n s t a l l ed  beneath the  R,F, bus-bars, The u n i t  munted on t he  
wall behind the  t ransmit t ing equipment provides switching of t he  incoming 
control  cables t o  e i t h e r  control  un i t  and interconnection of t he  ReF. c i r c u i t s ,  
o ther  than t he  outputs of  the  control  u n i t s  t o  t he  ou te r  a e r i a l s ,  These l a t t e r  
connections a r e  made by l i n k s  from the  R,F, bus-bars t o  bushing i n su l a to r s  
mounted on the  top of the  control  un i t ,  
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5.2. - Transmitter 

The transmitter Type T14l2 ( s tores  Refo 10D 907) is  used, having an out- 
put power of 2 KW, C,W. between 100 and 1,200 kc / s. Drive f o r  the power ampli- 
f i e r  stage i s  obtained from a s tab le  tunable o sc i l l a to r  over the  e n t i r e  f r e -  
quency range, o r  from a crystal-controlled o s c i l l a t o r  between 150 and 1,200 
kc/s, Crystal control  i s  used a t  Bushmills. 

The transmitter i s  designed to  work d i r ec t ly  i n to  a conventional T-aerial, 
the  reactance of which i s  tuned out by means of a l a rge  var iable  inductance 
mounted i n  a cubicle separate from the transmitter. Since the  control  un i t  
presents a r e s i s t i ve  impedance of 30 t o  40 ohms to  the transmitter,  the tuning 
inductance i s  dispensed with and the var iable  inductance and capacitor f i t t e d  
ins ide  the power amplifier  cubicle a r e  used a s  an L-section to  present the  
correct  load to the output valves* Fig, 16 i s  a schematic of the output c i r -  
cu i t ,  

5 ,3 .  - Control Unit 

a )  General 

The control  un i t  has been described b r i e f ly  elsewhere and i t  w i l l  be 
necessary only t o  elaborate the description where points of technical  i n t e r e s t  
a r i s e o  Fig. 17  and 18  a r e  a schematic diagram and photograph of the equipment. 
Variable components have su f f i c i en t  range to  enable the  un i t  t o  be used be- 
tween 260 and 300 kc/s, 

b) Keying Transformer and Keying Relay 

The keying transformer, L3 of Fig. 17, i s  wound i n  two halves with ad- 
justable coupling, The primary windings a r e  selected i n  tu rn  by the keying 
re lay  A operating a change-over contact A l .  The re lay  i s  of the type common 
i n  telephone practice.  The armature, however, operates the moving contacts 
of a pa i r  of vacuum switches ( ~ ~ 2 9 8 ) .  

C2 and the coupling of the transformer windings a r e  adjusted so tha t  the 
input impedance of the primary of the  keying transformer with C 1  i n  s e r i e s  i s  
220 ohms, L 1  and the combination of L2, C 4  and C 5  form an impedance trans- 
former such t h a t  the control un i t  presents a t  TP1 an impedance to  the  trans- 
mi t te r  of approximately 90 ohms. Neons V5 and V6 a re  operated by the radio 
frequency voltage appearing between ear th  and one end, i n  turn, of each of 
the transformer primary windings, One neon glows f o r  the  duration of a dot 
transmission and the other f o r  the duration of a dash transmission, dots  and 
dashes thus appearing v isua l ly  a s  the keying re lay  operates. 

V7, V8 and V9 a r e  s t a b i l i v o l t s  ( ~ ~ 1 0 6 9 )  and a re  provided to  ensure tha t  
the  load presented to  the  transmitter does not change while the keying re lay  
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contact  i s  momentarily disconnected from both primaries of the keying tsans- 
former, A change of load may result i n  s l i g h t  changes of power cutput  of the  
centre a e r i a l  i n  synchronism with the  keying rhythm, thus giving r i s e  t o  key 
c l icks ,  The t r a n m i t t e r  Type T,l4L2 has good regulat ion and the  s t a b i l i x ~ o l t s  
a r e  not required i n  p rac t iceo  

c )  Phase Sh i f t e r  

The phase s h i f t e r ,  shown i n  diagrammatic form i n  Fig. 1 7  a s  four  react -  
ances, i s  de ta i l ed  i n  F igo  19. A l a t t i c e  c i r c u i t  i s  used, t he  reactances of 
the  arms being varied by means of a seven pos i t ion  switch i n  order t o  provide 
phase s h i f t  i n  s teps  of 30 degrees between -90 degrees and +90 degrees, 

For cor rec t  operation, the  phase s h i f t e r  must work i n to  a r e s i s t i v e  load 
of 330 ohms, Transformer L4 tuned by capaci tors  C9-C12 provides the  impedance 
transformation required between the  input  of the  goniometer r o to r  L5 and the  
output terminals of the  phase s h i f t e r ,  

d) Di f fe ren t ia l  Phase Shif t e r  

The phase s h i f t e r  which advances and r e t a rd s  t he  phases of the  cur ren t s  
i n  the  outer  a e r i a l s  cons i s t s  of the  goniometer L5, t he  90 degrees phase 
s h i f t i n g  transformer L6 and the  capaci tor  bridge network GI5422 (Fig. 1720 
The goniometer i s  driven by t h e  motor, which i s  p a r t  of the  keying un i t*  The 
s t a t o r  windings a r e  a l so  capable of being rota ted together to  a l imi ted extent  
by means of a knob on t he  f r o n t  panel. The purpose of t h i s  adjustment will 
appear l a t e r o  

In order t h a t  the  transformer s h a l l  a c t  a s  a 90 degrees phase sh i f t e r ,  
i t s  secondary must be tuned to  resonance a t  t he  operating frequency- This i s  
achieved by fixed inductances L7 and L8, The inductances a r e  pre-adjusted t o  
resonate the  transformer secondary a t  mid-band frequency, 280 kc/s. The de- 
par ture  from resonance a t  260 and 300 kc/s i s  not su f f i c i en t  t o  introduce 
appreciable inaccuracy i n t o  t he  system, 

Matching Indicators  

The output terminals of the  capaci tor  bridge network a r e  connected t o  
the  open wire transmission l i n e s  through matching ind ica tors  D2 and D3 
(Fig, 173, These ind ica tors  have three  windings, the  first i n  s e r i e s  with 
the  transmission l i n e ,  the  second connected across  the  transmission l i n e ,  and 
the t h i r d  coupled t o  t he  f i r s t  two windings. The windings i n  s e r i e s  with t he  
transmission l i n e  consis t  of a s ing le  tu rn  only and do not introduce appre- 
c iab le  impedance discont inui ty  i n  the  l i n e .  The winding across  the  l i n e  has 
a high res i s tance  i n  s e r i e s  with it, so t h a t  the  current  i n  it i s  subs tan t ia l iv  
i n  phase with the  po ten t ia l  d i f ference between the  wires of the  transmission 
l i n e ,  The d i rec t ions  of the  windings a r e  such t h a t  t he  currents  induced in 
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the th i rd  winding from the f i r s t  and second windings oppose each other, pro- 
vided tha t  the l i n e  vo l t s  and l i n e  current a re  i n  phase. The resistance i n  
se r i e s  with the second winding i s  adjusted so tha t  the currents i n  the th i rd  
winding are  equal and opposite for  a r a t i o  of l i n e  vol t s  to  l i n e  current of 
565e This means tha t  there w i l l  be zero current i n  the third winding when 
the transmission l i n e  i s  properly matched and presents a resis tance of 565 
ohms to the matching indicator. A r e c t i f i e r  (CVLOL) and microammeter a re  
connected i n  se r i e s  with the third winding, the meter indicating zero current 
when the ae r i a l  matching uni t  i s  correct ly  adjusted, 

The matching uni t  D l  is similar to matching indicators D2 and D3. Since 
coaxial cable i s  used f o r  feeding the centre a e r i a l  from the control unit ,  the 
windings are  connected a s  shown ( ~ i g ,  17) .  The current i n  the first winding 
i s  greater than i n  matching indicators D2 and D3, and a r e c t i f i e r  of lower 
sensitfvf t y  (Westector ~ 6 )  i s  used. 

f )  Keying Unit 

The keying uni t  consists of a ser ies  of motor driven cams which control 
the keying cycle- Three cams f i t t e d  to  the shaf t  of the goniometer rotor  also 
form par t  of the control c i r cu i t .  Apart from the addition of a cam f o r  send- 
ing the s ta t ion  c a l l  sign, the keying unit  i s  f o r  prac t ica l  purposes ident ical  
with t h a t  f i t t e d  a t  Sonne stations.  The speed of operation i s  however doubled, 
a complete cycle l a s t ing  one minute.  h he unit fo r  reducing the keying cycle 
to  4.0 seconds, which i s  referred to  i n  e a r l i e r  papers, w i l l  replace t h i s  uni t  
when avai lableo)  The operating cycle and the sequence of operation of the 
cams are  shown i n  Fig. 20 and 21. 

Referring to Fig. 20 it w i l l  be seen tha t  the transmitter i s  on con- 
tinuously, except f o r  short  breaks of 1-1/2 seconds and 1/2 second before and 
a f t e r  the keying, and f o r  the short  period during which the s ta t ion  c a l l  sign 
i s  sent,  The contacts of cams b, f and n a re  connected i n  para l le l  (see Fig. 
17) and determine the 1-1/2 seconds and 1/2 second breaks of transmission. 
The contacts of cams c, 1 and o are  also connected i n  pa ra l l e l  and ensure 
tha t  the c a l l  sign is sent only once during the cycle. These contacts i n  
e f f ec t  replace the morse key normally used with the transmitter. Cam c, on 
the periphery of which the c a l l  sign i s  cut, is mounted below the keying uni t  
and is easi ly  replaced without removing the complete uni t  i f  a change of c a l l  
sign i s  required. 

Cam k releases relay B, thereby connecting the control unit t o  the 
transmitter via  relay contact B1. A t  the same time, relay contact B2 extends 
the 24. vo l t s  supply t o  the keying re lay  A through the contact operated by cam 
i. The keying i s  subsequently controlled by t h i s  cam. I t  should be noted 
tha t  sixty-one characters a r e  actual ly  transmitted. One character must, how- 
ever, be l o s t  a t  the equisignal where the dot and dash polar patterns in t e r -  
sect,  so that  an observer cannot count more than s ix ty  characters. 
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For reasons which w i l l  appear l a t e r ,  the s igna l s  from the  mcn1t.3ri~g 
s t a t i on  a r e  displayed a t  the  control  un i t  f o r  a shor t  time only. Lam m 
operates r e l ay  C which closes the secondary c i r c u i t  of transformer T5. Cams 
d and h operate r e l ay  D which allows the neon V 3  to  f l a s h  a t  the  approg-ri3te 
time. 

l b ru to r  Panel 

The monitor panel cons i s t s  of valve V1 and the  associated components in-  
dicated i n  Fig, 17. The output of the  remote monitor receiver  i s  fed to  VL 
through t he  poteniometer R4,  The output of V l  i s  r e c t i f i e d  and i s  fed t"hrcri~!; 
the  m i c r o m e t e r  M8, dhich ind ica tes  the  l e v e l  of the  received s ignal ,  and 
through the transformer T5, 

Since the monit.or receiver  i s  o f f s e t  one tenth  of the  dot  sec tor  wi- 
jaeent t o  the  nomai  to  the l i n e  of a e r i a l s ,  i t  follows t h a t  characters 
received by i t  w i l l  be s i x  do ts  and f i f t y  four  dashes. Since it i s  tedicus 
to count the  whole of the s i x th  characters  to ensure t h a t  the  cor rec t  ga t t e r a  
i s  being radia ted,  cam m re fe r red  t o  above ensures t h a t  only f i v e  characters  
each s ide  of the  equisignal  e f f e c t  the  centre-zero meter i n  t he  secondesy of 
the transformer T.5. The amplitude of the  s igna l  i n  the  v i c i n i t y  of  the aquj - 
s igna l  i s  shown i n  Fig. 22, Transformer T5 d i f f e r e n t i a t e s  the  s ignal ,  s~ t h a t  
the  meter kicks clockwise on recept ion of dots  and anti-cloclrwise on recept i .~r!  
of dashes. 

h) Telephone Panel 

The telephone panel provides r inging and speaking f a c i l i t i e s  t o  each f j f  

the three  hits housing the  a e r i a l  matching u n i t s  and t o  t he  monitor s i t e o  

Referring t o  Frg. 23 the  appropriate key KS1, KS2, KS3 o r  KS4 i s  tnrorme 
Pressing the ca i l i ng  button of the  opera tor t s  telephone operates r e l ay  C, 
which i n  t w n  extends an ea r th  t o  r e l ay  D, Relay D, on operating, breake xts 
own ba t te ry  c i rcui t ,  and a l so  momentarily breaks the  current  i n  the  prirfiary 01 
transformer TB, thereby inducing a pulse of current  i n  the  secondary. Relay 
D r e s to r e s  slowly due t o  the  discharge of the  50pF capaci tor  i n  s e r i e s  xitb 
i t s  100-ohm winding. In  res tor ing,  an ea r th  is  again extended t o  t he  r e l ay  
and a second puise of  c ~ x r e n t  i s  induced -fn the secondary of  T1. Relay D 
again operates and the cycle i s  repeated. The pulses of current  from the  
secondary of  T l  a r e  fed over the  l i n e  chosen by operating KS1, 2, 3 o r  4 and 
operate the  b e l i  s e t  i n  the  extension telephone. When the  ca l l i ng  button i s  
re leasedp r e l ay  C r e s to r e s  and the  extension i s  connected t o  t he  ope ra to rns  
telephone. 

The extension telephones ( ~ e l e ~ h o n e  Set  Type L )  a r e  provided witli hant' 
drlven generators f o r  r inging purposes, Ringing tone from the  centre  a e r l a l  
extension, f o r  example, operates re lay A which provides an ea r th  f o r  relay 5 0  
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Relay B locks up and a t  the same time operates the ca l l ing  lamp LP1 and ex- 
tends an earth to  relay D. Relay D then produces ringing tone, as  described 
above, which i s  applied to the be l l  s e t  f i t t e d  behind the telephone panel. 
Operation of KS1 releases  relay B and connects the extension to  the operatorDs 
telephone. 

KS1, 2, 3 and 4 a re  double-throw keys and provide the f a c i l i t y  of 
connecting two or more extensions together while a t  the same time permitting 
the operator to speak to  other extensions. 

K S 6  i s  used fo r  connection of the operator's telephone o r  the loud 
speaker to the output of the monitor receiver v ia  the amplifier i n  the 
monitor panel. 

6 .  - bDNITOR RECEIVERS 

The receivers operate unattended and f o r  t h i s  reason are  designed to 
avoid d r i f t  of tuning and variat ion of the frequency and amplitude of the 
audio frequency output, Fig. 24 i s  a c i r c u i t  diagram of the receiver. A 
superheterodyne c i r c u i t  is used, the signal being fed through a band-pass 
f i l t e r ,  tunable between 250 and 450 kc/s, in to  a CV.194.4 triode-hexode f re -  
quency changer, To avoid d r i f t  of tuning, the triode section of the f re -  
quency changer i s  a c rys ta l  o sc i l l a to r  operating a t  a frequency 125 kc/s 
higher than the frequency of the Consol transmitter. One stage of select ive 
IoF, amplffieation (CV,l053) a t  125 kc/s i s  used. The two 1.3'. transformers 
I.F.T,l and I,F-T.2 have a bandwidth of 2 1 kc/s a t  6 db. below maxim re- 
sponse. The f i r s t  half ,  V3a, of the CV.181 double-triode i s  used as  an 
i n f i n l t e  impedance detector, rec t i f ied  signals posit ive with respect t o  ear th 
appearing across the cathode r e s i s to r  R13. The second half of the CV.181, 
V3b, i s  used as a Hartley osc i l l a to r  f o r  generating 1,000 c/s supply. The 
output of V3b appears across the secondary of transformer T 1  and i s  applied to 
the suppressor gr id of the output valve (~v.1091). The output valve i s  nor- 
mally biased to cut-off by the application of posit ive bias to  the cathode 
through'the potent ial  divider RX) and R21. No audio output therefore appears 
a t  the output transformer T3. Incoming radio frequency signals a re  converted 
to D.C., a s  explained above, which appears as  a posit ive voltage between the 
control grid of V5 and earth. V5 then conducts and an audio signal of the 
same frequency a s  that  applied to its suppressor grid appears a t  the output 
transformer. The r ec t i f i ed  signal appearing a t  the cathode of V3a i s  also 
applied to the cathode of the diode V4 and the 0-500 microammeter. This meter 
provides an indication of the output of the receiver and is  used f o r  pre- 
se t t ing  the receiver gain. 
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7 .  - FACTORS GOVERNING THE ACCURACY OF THE RADIATED PATTERR 

7010 - Accuracy of Adjustment by the  Operating S ta f f  

In a previous repor t ,  consideration was given to  e r r o r s  a r i s i n g  from 
incor rec t  d i s t r i bu t i on  of the  currents  i n  t h e  a e r i a l  system both a s  regards 
amplitude and phase. The i dea l  d i s t r i bu t i on  can never be rea l i sed  i n  pract ice ,  
p a r t l y  on account of  small asymmetries o f  the  i n s t a l l a t i o n  and p a r t l y  on 
account of the  unequal e f f ec t  of the  weather on t he  th ree  rad ia to rs .  Referring 
t o  para, 5,2, of the  repor t  i n  question, i t  may be seen t h a t  provided the  e r ro r  
specif ied a r e  small the  equisignab bearings a r e  given by 

where du is the  lumped t e rn  appearing on t h e  r i g h t  hand s ide  of  equation ( 8 )  

Introducing a small i n i t i a l  phase s h i f t  (equal and opposite t o  dg) by 
means of the  goniometer, el iminates t he  e f f e c t  of the  imperfection of  the  
a e r i a l  system, Since the  ro to r  of the  goniometer i s  continuously moving when 
the  s t a t i o n  i s  operating, the  correct ion i s  conveniently made by the  ro t a t i ona l  
adjustment of the  f i e l d  c o i l s ,  Provided t ha t  t he  a e r i a l s  remain matched (ad- 
justment normally being required a t  i n t e rva l s  of ha l f  an hour to  an hour) the 
goniometer i s  usual ly  re-set  every o ther  day. From the  descr ipt ion given above 
of the  monitoring f a c i l i t i e s  i t  w i l l  be evident t h a t  accuracy of adjustment i s  
not be t t e r  than one character ,  

702. - Instrumental Errors  

Examining t he  control  u n i t  from the  inpu t  t o  the  output t o  the  a e r i a l s ,  
i t  i s  evident t h a t  t he  f i r s t  possible source of e r ro r  i s  inequa l i ty  of the  
two halves of the  keying transformer, No e r ro r  can, however, a r i s e  from t h i s  
cause s ince  the  dot  and dash lobes  w i l l  s t i l l  i n t e r s e c t  a t  t he  same angle, 
although t h e i r  amplitudes w i l l  be d i f f e r en t ,  For the same reason inequa l i ty  
of the contact  res i s tances  of the  keying r e l a y  has no e f f e c t ,  

Imperfection o f  adjustment of the l a t t i c e  phase s h i f t e r  has already 
been considered and i s  allowed f o r  i n  the  manner described i n  para. 7.1. 

The e r r o r  introduced by the  goniometer depends upon t he  nature  of i t s  
own e r ro r s  and may be s t a t ed  i n  general terms a s  follows. If, f o r  a s e t t i n g  
G of the  ro to r  with respect  to  one of  the  s t a to r s ,  the  outputs i n  the  s t a t o r s  
a re  proportional to  s i n  Gu and cos G\ then the  e r ro r  of count i s  (G " G g  )/3 
characterso In  pract ice ,  the  e r ro r s  of a w e l l  designed goniometer f o r  medium 
frequency working do not exceed one o r  two degrees, so t ha t  the  e r ro r  of c o w t  
w i l l  not  be more than 1/3 or  2/3 of  a character .  The cor rec t  operation of the 
goniometer requires  t ha t  the  impedances presented to  t he  s t a t o r s  s h a l l  be cqc-11 
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I f  they a re  unequal and have a r a t i o  1 + a,  where 8 i s  small, then the phase 
advance and retardat ion of the currents i n  the outer ae r i a l s ,  instead of being 
given by d = G, is given by tan$ = ( 1  + a) tan G, thereby introducing a phase 
e r ro r  of approximately 1/2 a s i n  2G. The corresponding e r ro r  of count f o r  a 

count of N characters before the equisignal i s  2 a s i n  characters. Since 
irr 30 

there is no d i f f i c u l t y  i n  measuring impedances t o  an accuracy of 2 per cent. a t  
medium frequencies, and equalising impedances t o  be t t e r  than 1 per cent., the 
e r ro r  of count due t o  t h i s  cause i s  unlikely t o  exceed 0.1 o r  0.2 characters, 
During operation, inequal i ty  of  the impedances of the two outer  a e r i a l s  has to  
be taken in to  consideration, and the extent to  which the impedances presented 
to the goniometer remain equal depends upon the care taken by the operating 
s t a f f  to re-match the aer ia l s .  

The 90 degrees phase s h i f t e r  transformer inser ted between one s t a t o r  of 
the goniometer and the bridge network depends f o r  i t s  operation on the re- 
sonance of i t s  secondary. Since no provision i s  made f o r  tuning the secondary 
over the frequency coverage of the control unit ,  i t  w i l l  be of i n t e r e s t  t o  
examine the e r ro r s  introduced by small departures of the phase s h i f t  from 90 
degreeso I f  the  phase s h i f t  d i f f e r s  from 90 degrees by a small angle&, then 
the phase advance and retardat ion of the currents  i n  the outer  a e r i a l s  i s  
given by 

tan a( = 2 tan G - £ 

and the amplitudes of the currents i n  the outer a e r i a l s  a r e  d i f f e r en t  and a re  
proportional to  1 4 1/2 & s i n  2G. Taking both e f f ec t s  i n to  account, the  e r ror  
f o r  a count of N characters before the equisignal may be shown to  be 

SN = 120 7f g2 s i n  fg) cos3 

6 N  is  plot ted against  N i n  Fig. 25 f o r  several  values o f e .  

The load presented t o  the goniometer s t a t o r s  i s  given by 

where Xc i s  the reactance of the  capacitors of the bridge network and Z i s  
the s e r i e s  impedance equivalent t o  the  surge impedance of the  open wire l i n e s  
and the reactance of L7 or  L8 (see Fig. 17) i n  paral le l .  By proper choice of 
the components, Z i  can have a negative react ive component which increases 
with frequency over a l imited frequency range. Thus the tuning of the 
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secondary of the  phase s h i f t  transformer may be subs tan t ia l ly  maintained. I n  
the  case of the  Bushmills equipment, the  t o t a l  secondary reactance does not  
exceed 1 5  ohms i n  the  range 260-300 kc/s, The phase e r r o r  E i s  given approxi- 
mately by the  r a t i o  of  the  secondary reactance to  the  secondary res i s tance  
(250 ohms approximately) and i s  therefore not  more than 0.06 radians,  o r  3.1, 
degrees. The r e su l t i ng  e r ro r  of count i s  therefore  negl igible .  

The analysis  of the  two remaining sources of e r r o r  due to  inequa l i ty  of 
the capaci tors  of the  bridge network and inequa l i ty  of t he  impedances of the  
ou te r  a e r i a l s  i s  d i f f i c u l t  and leads  t o  cumbersome expressions. In  p rac t ice  
the capacitors a r e  within 1 per cent. of t h e i r  nominal value, and the matching 
ind ica tors  permit adjustment of the  a e r i a l  impedances to  an accuracy of a t  
l e a s t  5 per cent. Under operating conditions no appreciable e r ro r  of  count 
can be detected so t ha t  i t  is  concluded t ha t  these to lerances  a r e  adequate. 

8. - PEXF'ORMANCE OF STATION 

8.1, - General 

In general the  performance of the  s t a t i o n  has been s a t i s f ac to ry  s ince  
the f i r s t  transmissions a t  the  end of June, 1946, The switches ( ~ ~ 2 9 8 ' s )  used 
f o r  keying appear, however, t o  have too low a vacuum and severe arc ing takes  
place unless the t ransmit ter  output i s  l imi ted t o  1 KW. This i s  necessary, i n  
any case, s ince  the  output valves ( ~ ~ 1 5 0 6 )  have a very shor t  l i f e  i f  required 
to de l iver  2 KW, continuously. 

It is  hoped i n  due c o c s e  to  improve the  performance of both the  CV298 
and CVl.506 so t h a t  the  s t a t i o n  can operate with 2 KW, input  t o  the  a e r i a l s .  

8.2, - Radiation Eff ic iency - 
The input impedances of the three  a e r i a l s  were measured f requent ly  be- 

tween June and August, 1946. The reac t ive  component was found to  be constant  
and the  same f o r  a l l  th ree  a e r i a l s ,  while the r e s i s t i v e  pa r t  varied consider- 
ably* The res i s tance  was invar iably  found to  be g r ea t e s t  i n  wet weather, in-  
d ica t ing  t h a t  l o s se s  were present due t o  leakage over the  surface of the  
various insi i lators.  The s tay  insu la to rs ,  having a r e l a t i v e l y  small leakage 
path, appeared t o  be the  major cause of increased l o s s ,  s ince  drying t h e  base 
i n su l a to r s  brought about no reduction of  l o s s  res is tance.  

The var ia t ions  of input impedance of the  three  r ad i a to r s  a r e  given i n  
Fig. 26, 27 and 28, In general,  the  cen t re  (NO. 2) and the  south-western 
(No. 3) radiators had the  same res is tance,  while the  res i s tance  of the  north- 
eas tern  (No. 1) rad i a to r  was considerably higher. 

However, measurements of f i e l d  s t reng th  made by the  B.B.C. near Oxford 
during PTovember, 1946, showed tha t  the  rad ia t ion  e f f i c i enc i e s  of the outer  
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a e r i a l s  were nearly equal and 60 per cent. of the radiat ion eff ic iency of the 
centre  ae r i a l .  Taking these measurements in to  account, and including the 
measured l o s s  res is tance of one ohm i n  the a e r i a l  matching uni ts ,  the radia- 
t i on  eff ic iency of the centre  a e r i a l  i s  probably about 50 per cent. and tha t  
of the outer  a e r i a l s  30 per cent. 

8.3. - Range and Accuracy 

It w i l l  be appreciated t h a t  the performance of a system such a s  Consol 
can be determined only by s t a t i s t i c a l  means. Overland performance has already 
been studied i n  t h i s  way by the  Germans but l i t t l e  da ta  on performance over sea 
i s  available.  To obtain r e l i a b l e  r e s u l t s  it i s  evident t ha t  many hundreds of 
hours of observation are necessary. For t h i s  reason observations a r e  best  
made on a ship. An extensive programme has been planned and, with the co- 
operation of %rconi International Marine and Messrs. Donaldson Bros. Ltd., 
observations have been made on a regular run between Glasgow, lbn t rea l  and 
Halifax. Glasgow i s  par t icu la r ly  convenient a s  a s t a r t i n g  point since the 
ships course i s  subs tan t ia l ly  r ad i a l  to  Bushmills. It i s  hoped i n  due course 
to  extend the observations so tha t  the forward coverage i s  completely explored. 

The results so f a r  obtained have not ye t  been completely analysed and a 
separate report  w i l l  be published a s  regards accuracy. With regard to  range, 
however, the mean of the  m a x i m u m  ranges obtained on four t r i p s  between 
September and December, 1946, is 1,200 naut ical  miles by day and 1,500 naut ical  
miles a t  night. A good communications receiver was used f o r  the  observations. 
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FIG. 5 .  TRANSMITTER BUILDING 
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FIG.26 FREQUENCY (KC/S) 
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RADIATOR (NP I SITE) 



58 lCAO Circular 46- AN/^ 1 

200 24 0 280 320 3 60 400 440 
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RADIATOR (No 2 SITE) 
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AN INVESTIGATION OF THE PERFORMANCE OF THE 
TGX) AERIAL CONSOL SYSTEM 

Royal Aircraft  Establishment, Farnbosough 

( ~ e c h n i c a l  Note No. Rad.472 - February, 1950) 

A.H. Brown, M. So,, A, M. I , E  .E. and l3,A.G. Cooper 

The report  b r i e f ly  describes the r e su l t s  of  some t e s t s  carried out to  
determine the extent to  which the two ae r i a l  Consol system i s  subject t o  key 
c l iaks  i n  the v ic in i ty  of the equisignals. 

Experiments have been carried out which show tha t  it i s  practicable t o  
replace the open wire feeders of a two o r  three a e r i a l  ~ys tem by V.H.F. radio 
l inks,  M.F. amplifiers being located adjacent t o  the mast radiators. 
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AN INVESTIGATION OF THE PERFORMANCE OF THE 
TWO AERIAL CONSOL SYSTEM 

1. - INTRODUCTION 

Although it has been established t h a t  Consol can provide a useful  long 
range f i x i n g  service ,  it appears that the c a p i t a l  co s t  of the ,grour;ld ' ins ta l l a -  
t i o n  has been one of the p r inc ipa l  f ac to r s  preventing extension of the ex i s  t- 
ing coverage f o r  c i v i l  use, Any means of reducing the cos t  t o  an appreciable 
ex ten t  a r e  therefore worth invest igat ion,  A few experiments have been carr ied 
out by the R.A.E. during the l a s t  two years.  It has not been possible t o  
devote s u f f i c i e n t  time t o  the matter t o  carry  out  the invest igat ions  as 
thoroughly as  the authors would wish, bu t  it is  thought t h a t  the r e s u l t s  a re  
worth recording f o r  the  bene f i t  of those considering the adoption of Consol, 

2 0- POSSIBILITIES OF TIE IWC &RIAL SYS 'EM 

2,1,- General 

A r epo r t  was published i n  1945 describing a two- a e r i a l  Consol system 
which had sub t an t i a l l y  tAe same charac te r i s t i cs  as the three a e r i a l  form, 
but  required only half the base l i ne .  It w a s  pointed out, however, that the 
equis ignals  of the system would be l i k e l y  t o  be masked by key-clicks, although, 
as w i l l  be shown l a t e r ,  not  f o r  the reason given i n  the repor t .  The reduced 
cos t  and s i t e  a rea  a re  a t t r a c t i v e  f ea tu r e s  of the system and it was decided 
t o  make use of a sho r t  period i n  January 1948 when the Bushmills s t a t i o n  was 
out of s e r f i c e  t o  carry  out  some p r a c t i c a l  t e s t s ,  

2,2,- Prac t i ca l  Tests 

With the co-operation of the Ministry of C iv i l  Aviation, the Bushmills 
i n s t a l l a t i o n  was converted temporarily t o  a two a e r i a l  system and arrangements 
were made f o r  counts t o  be taken a t  twelve ground s t a t i ons  from Hull t o  
Farnborough, one on the I s l e  of Man and one i n  Northern Ireland.  It is  d i f f i -  
c u l t  t o  devise a method of measurement of a key-click and re l iance had t o  be 
placed on the judgement of the observers as t o  the qua l i t y  of transmission. 
However from the p r a c t i c a l  po in t  of view, the presence of key c l i cks  i s  not 
important provided that they have no e f f e c t  on the  accuracy of count. 

I n  so  f a r  as qua l i t y  of transmission i s  concerned, the t r i a l  was incon- 
clusive,  four  observers repor t ing good transmissions, three doubtful  and f i v e  
reported poor transmissions. It w a s  not  pract icable  t o  s e t  up the two-aerial 
system cor rec t ly  as regards o r ien ta t ion  of pat tern ,  so t h a t  the systematic 
e r ro r s  a t  each monitoring s t a t i o n  a r e  not  known, The complete tabulated counts 
f o r  each s t a t i o n  a re  not  avai lable  a t  the R,A.E,, so  t h a t  it has not been 
possible t o  show how the spread of e r ro r  of count compares with the standard 
devia t ion of 0-6  characters which i s  applicable t o  observations of the normal 
three a e r i a l  system a t  a f ixed receiver ,  The mean counts f o r  each s t a t i o n  
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a re  however avai lable  and would i dea l l y  show a constant systematic e r ro r  
refzrr-ed t o  t he  counts ,computed f o r  a cor rec t ly  aligned system. From other  
extensive observations i t  i s  known t h a t  t e r r a i n   effect^ cause systematic 
e r ro rs  varying rapidly  from place t o  place, Taking observations over a very 
l a rge  area,  the standard deviation has been shown t o  increase from O 0 6  cha- 
r ac t e r s  due t o  monitoring e r ro r  alone t o  1 , 5  characters due t o  t he  e f f ec t  of 
these systematic errors .  The standard deviation of t h e  mean e r rors  i n  t he  
csse of t h e  observations of t he  two-aerial system was found t o  be 3 characters,  
Unfortunately the  transmissions had t o  be made a t  dusk, so t h a t  the  increased 
standard. deviation may be a t  l e a s t  pa r t l y  due t o  sky wave ra ther  fhan uncertain 
?@cat ion of t he  equisignal as a r e s u l t  of key-clicks, 

2,3,- Electronic Kever 

In the ease of t h e  th ree-aer ia l  system, keying i s  achieved by reversing 
the  phase of t he  curpents fed  t e  the cu te r  a e r i a l s  with respect  t o  t h a t  i n  
the centre  a e r i a l ,  The moving apm of the switch used f o r  t h i s  purpose does 
not make contact with e i ther  f ixed contact f o r  a few milliseconds so  t h a t  
momentary changes of s igna l  l e v e l  may give r i s e  t o  a key-click, The equisignal  
bearing however corresponds t o  a nu l l  i n  t he  polar pa t te rn  of t h e  outer  a e r i a l s ,  
so t ha t  t h e  s igna l  a t  t h e  receiver  i s  produced by t he  centre  a e r i a l  alone, 
Thus the  equisignal i s  not masked by key-clicks, 

In the  case of the two-aerial system, one of t h e  a e r i a l s  rad ja les  conti- 
nuously, Keying i s  achieved by feeding t h e  second a e r i a l  at, e i t he r  +WO o r  
-900 of phass with respect t+o the  f i r s t  a e r i a l ,  The method of operation of 
the  system w i l ;  be c l m x  from Fig , l  which shows vector diagrams f o r  the  f i r s t  
sec tor  on each s i d e  of t h e  r igh t  b isector  of the  base l i n e o  Consider f i r s t .  
t he  vector diagram on t he  r ight  b isector  of AB, Vector A represents t he  
f i e l d  due t o  a e r i a l  A, which rad ia tes  continuously, Vector B i s  t he  f i e l d  
due t o  a e r i a l  B and has the  same magnitude as vector A, Its phase i s  advanced 
by 90° with -espect t c  vector A f o r  the duration of a dot and retarded by 90' 
f o r  the  duration of a dash, Thus, the  magnitudes of t he  r e su l t an t  received 
s igna l  f o r  the  duration of a dot and a dask are t he  same, so  t h a t  t he  right, 
b isector  of AB i s  an equi-signal, 

Proceeding anti-clockwise from the  r i g h t  b isector  of AB, and re fe r r ing  
phases t o  t he  centre  of AB, the  phase of vector A is  advanced while t h a t  o f  
vector B i s  retarded, The resu l tan t  f i e l d  f o r  the  duration of dot is  grea te r  
than t ha t  f o r  t he  duration cf  a dash, so  t ha t  dots w i l l  predominate i n  t he  
received s ignal ,  Proceeding fu r the r  anti-clockwise, vectors A & B a r e  at 
r i g h t  angles once more, corresponding t o  another equisignal, In  a s imi la r  way, 
dashes predominate i n  the  s ignal  received on bearings clockwise with respect  
t c  t he  r igh t  b isector  of AB, In  addit ion t o  t he  dot-dash keying, the pa t te rn  
as a whcle i s  made t o  ro t a t e ,  as i n  t he  case of t he  three-aer ia l  system, by 
applying a phase s h i f t  proportional t o  time t o  t h e  current feeding e i t h e r  one 
o f  he 3er ia l s  
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It w i l l  be noted t ha t  two discont inui t ies  occur a t  the  equisignal  which 
may give r i s e  t o  key c l i cks  ( a )  the  break i n  transmission from a e r i a l  B while 
t h e  keying operation takes place and (b )  a s h i f t  of phase of t he  resu l tan t  
received s ignal  by 90°. In order t o  reduce t he  break of t ran-xiss ion,  the  
electronic-keyer shown i n  schematic form i n  Fig.2 was made up. A keying 
t r i gge r  i s  produced by a motor operated cam which momentarily closes a p a i r  
of contacts. The t r i gge r  operates a t r ans i t r on  f l ip - f lop  generating a square 
pulse, the  length  of which can be var ied by adjustment of the  time constant of 
t h e  f l i p f l o p  thereby a l t e r i n g  t he  dot-dash r a t i o .  The square wave from the  
f l ip - f lop  is fed  i n to  a phase s p l i t t e r  so t ha t  pos i t ive  and negative square 
waves a r e  fed i n to  t h e  suppressor g r ids  of v1 and ~2 respectively.  The con- 
t r o l  griGs of ~1 and VZ a r e  fed i n  p a r a l l e l  from an M.F. o s c i l l a t o r  while 
t h e i r  anodes a r e  connected i n  push-pull. v1 i s  normally biased t o  cut-off a t  
t he  suppressor so t ha t  VZ i s  i n  operation during the  transmission of a dash. 
The keying t r i gge r  s t a r t s  a pa i r  of pulses as  described above, so  t h a t  v2 i s  
cut  off and v1 operates, thereby reversing the  phase of t he  feed t o  a e r i a l  B 
f o r  t he  duration of transmission of a dot. 

A complete ground s t a t i o n  was s e t  up temporarily on t he  l i n e s  of Fig.2. 
The qua l i ty  of transmission, a s  regards key c l i c k  on t he  equisignal, was found 
t o  be no be t t e r  than t h a t  observed during t he  t r i a l s  with t he  Sushmills sta-  
t ion.  Since the  break of transmission during t he  keying process was negl igible  
i t  may be concluded t h a t  key c l i cks  a r e  due t o  phase discontinuity.  Confirma- 
t i o c  was abtained by reversing one half  of t he  c o i l  coupled t o  the  anode 
c i r c u i t  of ~1 VZ so t h a t  t he  keying produced no phase reversal  of the  feed to  
a e r i a l  3. No t r ace  of keying was then audible. 

2.- ~ W U C ~ ~ ~  OF OPEN-WIRE FEEDEItS BY V.H.F. RADIO LINK 

Exist ing aesigns of Consol s t a t l ons  require  t he  i n s t a l l a t i o n  of some 
3.5 - 4 miles of open wire feeder l i n e  l inking the  centre  s i t e  t o  each of 
t he  outer  a e r i a l s .  Sho-Ad a requirement a r i s e  f o r  a change of frequency t o  
t he  new intcrnnt ic- ia l ly  agreed band of 90 - 110 kc/s, the  length of feeder 
l i n e  wo-~LU ~ ~ i c r e a s e  oy a f ac to r  of three.  Having regard t o  t he  heavy cap i t a l  
charge and high maintenance costs  i n  some pa r t s  of the  world t h e i r  replacement 
by V.H.F. radio l i nks  i s  worth consideration. 

An opportunity arose i n  t he  course of o ther  work t o  check t h e  phase 
s t a b i l i t y  of such an arrangement. Fig.3 i s  a schematic of the  equipment used. 
The frequency dif ference of two c rys t a l  o sc i l l a t o r s  operating nominally a t  
275 kc/s (F) is  maintained accurately a t  83.1/3 c/s ( f )  by comparing i n  a 
discriminator t he  ac tua l  d i f ference frequency with an 83.1/3 c/s supply 
derived by frequency divis ion of t he  output of a 105 kc/s c ry s t a l  o sc i l l a t o r .  
The ontput of t h e  discriminator controls a reactznce valvc which i n  tu rn  ad- 
jus t s  one of t h e  c r y s t a l  o s c i l l a t o r s  t o  the  correct  frequency. The output 
of one o s c i l l a t o r  a t  frequency F drives a t ransmit ter  located a t  t he  same s i t e  
( s i t e  A ? .  The output of t he  other  o s c i l l a t o r  amplitude modulates a V.3.F. 
c a r r i e r  which i s  transmitted t o  s i t e  3 some s i x  miles from s i t e  A. The V.II.7. 
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s igna l  a t  t he  s i t e  B i s  demodulated and t he  M.F. modulation i s  used t o  lririve 
a t ransmit ter  a t  frequency F + f .  An M.F. receiver  a t  s i t e  A receives a l oca l  
s igna l  a t  frequency F and a s igna l  from s i t e  B a t  frequency F + f. The output 
of t he  receiver  a t  frequency f i s  applied t o  the  Y p l a t e s  of a cathode ray 
tube, the  X p la tes  being connected t o  t he  l oca l  source of t he  same frequency, 
By observation of the  change of shape of t he  e l l i p s e  on the  C.R.T. the  r e l a t i v e  
phase s t a b i l i t y  of the  two PLF, t ransmit ters  can be measured. Limited shor t  
term observations so f a r  made ind ica te  t ha t  a phase d r i f t  of about 2' can 
occur i n  hal f  an hour, No pa r t i cu l a r  care  has been taken t o  ensure t h a t  t he  
t ransmit ters  were thoroughly warmed up and it i s  thought t h a t  improved s tabi-  
l i t y  is l i k e l y  under continuous operation. 

In  order t h a t  t he  V.H.F. l i n k  may operate with t he  minimum radia ted 
power and with maximum r e l i a b i l i t y ,  i t  i s  desirable t h a t  the re  should be a 
v i sua l  path between the two ends of t he  l ink .  This means t h a t  t he  a e r i a l  a t  
e i t he r  end of t h e  l i n k  should be well elevated above ground. The cost  of 
providing a mast f o r  t h i s  purpose may be avoided by i n s t a l l i n g  the  a e r i a l  on 
one of t he  M.F. mast radia tors ,  e i t h e r  a t  t he  top, as  shown i n  Fig.4 ( a ) ,  o r  
lower down i f  the  l o c a l  ground contours and obstructions permit. The coaxial 
cable t o  the V.H.F. a e r i a l  cannot be connected d i r ec t l y  t o  the  receiver  a t  
ground l e v e l  s ince  t he  M.F. a e r i a l  wodd be shorted t o  ground. The d i f f i cu l t y  
of providing a high impedance a t  M.F. i n  s e r i e s  with both t he  outer  and inner  
of t he  coaxial without introducing unacceptable discont inui ty  a t  V.H.F, hss 
been overcome by the  device shown i n  Fig.4 (b).  An inductance is  formed by 
winding t he  coaxial a t  ground l e v e l  onto a su i t ab l e  former and tuned approxi- 
mately t o  resonance by means of a f ixed  condenser as  shown, Thus the  high 
reactance of the  tuned c i r c u i t  i s  connected between the  base of the  PLF, a e r i a l  
and ground and has negl igible  e f f ec t  on t h e  M.F. coupling transformer, while 
no discontinuity i s  introduced i n  t he  coaxial cable t o  the  V.H.F, a e r i a l .  

I n  t he  case of shor t  mast radia tors ,  some a t t en t i on  must be given t o  
t he  design of t h e  tuned c i r c u i t  i n  order t o  s t r i k e  a balance between the  EI.F, 
power l o s t  i n  i t  and the  V.H.F, a t tenuat ion due t o  t he  length  of cable used 
i n  making up t he  co i l .  For a c o i l  of given Q, the l o s s  i n  it i s  inversely  
proportional t o  i t s  inductance. On t he  other  hand the  inductance cannot be 
increased i nde f in i t e ly  s ince  the  V.H.F. a t tenuat ion i s  d i r ec t l y  proportional  
t o  t he  length of cable used, In t he  case of t he  experimental arrangement 
shown i n  Fig,& approximately 25% of the  M.F. power was l o s t  i n  the  c o i l  and 
t he  V.H.F. l o s s  i n  the  180 f t .  of cable used was 4.3 dbs. 

The quar ter  wave s tub  a t  V.H.F. shown i n  Fig.4 (b) i s  f i t t e d  i n  order 
t o  ensure t ha t  t he  core and sheath of t h e  coaxial cable a r e  a t  t he  sane poten- 
t i a l  a t  the  medium frequency, thereby preventing t h e  feeding of M.F, power 
i n to  the  V.H.F, receiver.  The receiver  was i n s t a l l e d  about s ix  f e e t  from the  
1 kw M.F. t ransmit ter  used, but no t rouble  was experienced due t o  feed-back. 
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L. - CONCLUSIONS 

It has been established t h a t  the  masking of t he  equisignals of t he  two- 
a e r i a l  system by key c l icks  i s  inherent  i n  t h e  system and i s  due t o  a phase 
discont inui ty  i n  t h e  received s ignal .  The l imi ted f i e l d  t r i a l s  carr ied out 
suggest t h a t  t he  key c l i cks  introduce an uncertainty of t h e  loca t ion  of t he  
equisignals such t h a t  t he  standard deviation of e r ro r  of count amounts t o  three  
characters;  t h a t  is, double t he  e r ror  observed i n  t h e  case of t he  three-  
a e r i a l  system. Further t r i a l s  w i l l  be necessary t o  e s t ab l i sh  t h i s  point .  

Experiments have been carr ied out which show t h a t  it i s  pract icable  t o  
replace t h e  open wire feeders t o  the  outer a e r i a l s  of a three-aer ia l  system by 
V.H.F. r ad io  l inks ,  M.F. amplif iers being i n s t a l l e d  adjacent t o  each of t h e  
outer a e r i a l s .  
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PRELIMINARY REPORT O N  TKE ACCURACY OF ;'T 
CONSOL NAVIGATION SYSTEM 

Royal Ai rc ra f t  Establishment, Farnborough 

( ~ e c h n i c a l  Note No. Rad. 383 - September, 1946) 

A.H. Brown 

Summary 

A br i e f  qua l i t a t i ve  analysis  of the  night e r ro r s  of the  Consol system 
i s  given. Observed e r ro r s  a r e  shown t o  have the  form predicted. Observa- 
t i ons  ca r r ied  out  by t he  Germans over land a r e  the  most comprehensive so f a r  
made and a r e  summarised a s  Figs. 7, 8 and 9 of the repor t .  These r e s u l t s  a r e  
considered to be applicable f o r  propagation over sea provided t h a t  the  e r ro r s  
a r e  scaled down by a f ac to r  of one and a hal f  o r  two. 
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PRELIMINARY REPORT ON THE ACCDRACY OF TKE CONSOL NAVIGATION SETEM 

1 0 - INTRODUCTION 
The accuracy by day of t he  Cons01 navigation system i s  governed by ins t ru-  

mental e r ro r s  of t h e  t ransmit t ing equipment including e r ro r s  i n  the  s e t t i n g  up 
of the  correct  phases and amplitudes of t he  currents i n  t he  a e r i a l s ,  and by 
i r r e g u l a r i t i e s  i n  t h e  surrounding te r ra in .  Propagation i s  almost e n t i r e l y  by 
ground wave and such e r rors  a s  have been observed during the  day may be a t t r fb -  
uted t o  the  above causes, r a the r  than t o  the  presence of sky wave. A t  night ,  
however, sky waves appear and have amplitudes which may be equal to ,  greater  
or l e s s  than the  amplitude of the  ground wave, depending upon t he  locat ion of 
the  observer with respect  t o  the  transmitt ing s t a t i on .  Combinations of ground 
and sky waves will give r i s e  t o  bearing errors .  

2 - THEORETICAL CONSIDEELAT IONS 

The polar pat tern  of the  Consol Aerial  system due only t o  rad ia t ion  
re f lec ted  from the  iofiosphere i s  subs tan t ia l ly  the  same a t  g rea t  range a s  t h a t  
due t o  the  ground wave. A s  the  range is reduced, the  pat terns  d i f f e r  material ly,  

A t  n ight  therefore,  i t  i s  t o  be expected t ha t  three  regions w i l l  ex i s t :  

a )  a region a t  long range i n  which the sky wave w i l l  predominate 

b) a region nearer t o  t he  transmitt ing s t a t i o n  i n  which sQ and 
ground waves have comparable magnitudes and 

c )  a region s t i l l  c loser  t o  t he  transmitt ing s t a t i o n  i n  which the 
ground wave predominates. 

In region a )  t h e  bearings obtained w i l l  be somewhat d i f fe ren t  from those 
computed from the  ground wave polar diagram. The e r ror  w i l l  however decrease 
a s  t he  range increases and can be computed with f a i r  accuracy provided only one 
sky wave i s  present and provided t h a t  the sky wave does not  deviate from the  
g rea t  c i r c l e  path through the  transmitt ing and receiving s t a t i ons .  In region b) 
ground and sky waves may combine i n  many ways and bearing error's may be large .  
In region c) t he  accuracy w i l l  be l imi ted by instrumental e r ro r s  and by irregu- 
l a r i t i e s  i n  t e r r a in .  

Considering first region a ) ,  i n  which it w i l l  be assumed t h a t  a s ing le  
sky wave only i s  present, the  bearing e r ro r  i s  small and i s  given approximately 
by 

= (1 - cos X ) tan  4 
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where 0 i s  the bearing referred to  the normal to  the l ine  of ae r i a l s  andX 
is  the angle of elevation of the sky wave a t  the ear th 's  surface. This 
is  a systematic e r ror  and i s  such as t o  give an apparent bearing too close 
to  the n ~ m 1  t o  the l i n e  of aer ia l s ,  Assuming normal E - layer  re f lec t ion  
a t  a height of 90 kms,, A 0 may be expressed i n  terms of range and azimuth, 
as indicated i n  Fig. 1. A s  the range is  reduced, equ. (1) is  no longer valid,  
and, i n  the l i m i t ,  the systematic e r ror  may be negligible. Since ground and 
sky waves have comparable magnitudes a t  a range of about 370 miles f o r  an 
oversea path, it is to  be expected tha t  the e r ro r  curves w i l l  have maxima a t  
t h i s  range f o r  any azimuth, The maxima are l i ke ly  to  occur a t  a range between 
250 and 300 miles f o r  an overland path. 

A t  extremely shor t  and long ranges, the random er rors  are l ike ly  t o  be 
f a i r l y  small. A t  intermediate ranges, however, ground and slg. waves combine 
with random phase, and probably with random re la t ive  amplitude, Random errors  
w i l l  therefore be superimposed upon the systematic e r ror  as shown i n  Fig. 2. 

The e f f e c t  of random combination of the ground and sky waves maybe visual- 
ised as the opening and closing up of the polar pat tern of the a e r i a l  system 
i n  a manner similar t o  the opening and closing of a fan. Provided tha t  the 
change of phase and amplitude of the sky wave i s  slow, an incorrect count of 
characters w i l l  r esu l t .  If the changes are rapid and suf f ic ien t ly  grea*, an 
equisignal may be heard twice or more during keying cycle. Such counts are  
of course meaningless, and mst be discarded. 

The above qual i ta t ive  analysis has been confined to  the case i n  which a 
siragle ski wave is present. If however multiple sky waves appear, as  is  qui te  
l i ke ly  a t  long ranges, subsidiary maxima w i l l  occur i n  the e r ror  curves. 

A complete analysis has been published by the N,P.L. 

3 .- OBSERVATIONT OVER SEA 

It w i l l  be evident that a complete picture of the errors  of the Consol 
system can be obtained only by s t a t i s t i c a l  means, t ha t  is, by analysis of large 
numbers of bearings taken throughout the whole twenty-four hours f o r  many days 
a t  a fixed receiving s tat ion,  By repeating the process simultaneously a t  many 
receiv2.ng s ta t ions  sui tably disposed i n  range and azimuth w i t h  respect t o  the 
transmitting s tat ion,  compiete curves of the form shown i n  Fig. 2 may be derived. 
Such a programme has so f a r  been beyond the resources of the R.A.E. With the 
assistance of the R,A.F., however, observations have been made of bearings from 
the Staaanger Sonne s t a t ion  a t  receiving s tat ions on the coasts of England and 
Scotland. Fig. 3 sh~ws the disposit ion of the receiving stations.  It w i l l  be 
seen tha t  they are  disposed over the coverage from the normal to  the l i n e  of 
aer ia l s  t o  400 to  the normal, and a t  distances f o r  which maximum night e r ror  
i s  t o  be expected, Observations, spread uniformly over day and night between 
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October and December 1945 were made a t  four  of these s t a t i ons .  Analysis of  
a l l  observations a t  each s t a t i o n  f o r  hourly periods both during t he  day and 
night  has been made, Error  d i s t r ibu t ions  a r e  not Gaussian but show approximate 
symmetry about a mean. The general e f f e c t s  predicted i n  Section 2 above a r e  
confirmed; t ha t  is ,  systematic e r ro r s  a r e  present a t  n ight  which a r e  negl igible  
along the  normal to  the  l i n e  of a e r i a l s  and increase with departure of azimuth 
from the  normal. Further,  the  e r ro r s  a r e  such a s  to  give apparent bearings 
too c lose  to  the  normal. Fig, 4 shows the mean count of  dots  a t  four  of the  
s t a t i ons  f o r  a l l  observations made from 0000-0100 hrs. ,  01004200 h r s , ,  e tc .  
Large numbers of observations were made a t  each s t a t i on ,  with t he  exception 
of Anstruther f o r  which r e l a t i v e l y  few counts were taken a t  night. The r e s u l t s  
a r e  of the  form ant ic ipated,  except t h a t  somewhat smoother curves might have 
been expected. 

It i s  not poss ible  to  say with ce r t a in ty  whether small systematic e r ro r  
e x i s t s  during the  day. There a r e  no accurate survey data  r e l a t i n g  t o  Stavanger 
and i t  i s  not possible to  compute the  count a t  a receiving s t a t i o n  with an 
accuracy of be t t e r  than one o r  two characters.  An attempt has been made to  
work backwards from the  observed counts a t  the  four s t a t i ons  re fe r red  to  above 
and counts taken by day only a t  D,F. s t a t i ons  operated by the  Ministry of C iv i l  
Aviation a t  Inverness, Kirkwall and Sumburgh. Calculating from these data  the  
best  values of a e r i a l  separation and or ien ta t ion  of  the  l i n e  of a e r i a l s ,  incon- 
s i s t enc i e s  of  over two characters  s t i l l  remain. The matter  w i l l  be l e f t  a t  
t h i s  point  and an analysis  deferred u n t i l  a careful  survey of the  Stavanger 
s t a t i o n  has been made. 

Standard deviation and 5% e r ro r  have been computed a s  a function of  time 
of day and a r e  shown graphically a t  Figs. 5 and 6. 

Investigations made by the  Empire Air Navigation School show t h a t  ob- 
servers  d i f f e r  i n  t h e i r  a b i l i t y  and t ha t  t he  50% e r r o r  of one observer a t  a 
given recei~rS-.g s t a t i o n  may be a s  much a s  twice t h a t  of another observer a t  
the  same s ta t ion .  I n  view of t he  f a c t  t h a t  d i f f e r en t  observers were necessar- 
i l y  used a t  the  four  s t a t i ons  and t h a t  two o r  three observers were on duty on 
a bas i s  of one man per watch a t  each s ta t ion ,  i t  follows t h a t  t h e  sca les  of  
standard deviation and 50% e r ro r  i n  Figs. 5 and 6 a r e  subject  t o  a possible 
expansion o r  contraction. 

The E.A.N.S. t r i a l s  show tha t  t he  accuracy of count i s  independent of 
azimuth during t he  day. The 50% e r ro r s  during the  day p lo t ted  i n  Fig. 6 show 
the same e f f ec t ,  so t h a t  i t  i s  unlikely t h a t  there  is much dif ference i n  t he  
a b i l i t y  of the  operators.  

The analysis  summarised i n  Figs. 4, 5 and 6 and t he  E.A.N.S, t r i a l s ,  
provide the  following data: 
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a )  Systematic e r ro rs  during t he  day a r e  absent o r  very small. 

b) Random e r ro r s  i n  the  count of characters a r e  independent of 
azimuth and subs tan t ia l ly  independent of range. The 50% e r ro r  i s  of the  
order of two characters,  corresponding t o  about 0.25O e r ro r  near the  
normal t o  0.5O e r r o r  near the  edge of the  coverage. The random e r ro r  
does no t  increase  mater ia l ly  with range. 

N i ~ h t  Errors 

a )  Systematic e r ro r  increases s t ead i l y  a t  sunset, i s  a maximum 
a t  about midnight and decreases s t ead i l y  t o  zero or  a small quant i ty  
a t  sunr ise .  

b) Systematic e r ro r  increases with increase of azimuth referred 
t o  the  normal. 

c )  Random e r ro r s  vary i n  a manner s imilar  t o  systematic e r ro rs .  
The 50% e r ro r  var ies  from about 0.4' i n  the  v i c i n i t y  of the  normal t o  
about lo a t  40' t o  the  normal. These e r rors  a r e  applicable t o  a range 
of about 400 miles and a r e  not  l i k e l y  t o  be exceeded f o r  smaller or  
g rea te r  ranges, unless mult iple sky waves are received.  h he 5% e r ro r s  
given by the  E.A.N.S. a r e  about one and a half  times l a rge r  than those 
quoted here, and may be a t t r ibu ted  t o  conditions of reception i n  an a i r -  
c r a f t  which a r e  l e s s  favourable than those a t  a ground s t a t i on ) .  

d )  Accuracy a t  ranges of the  order of 400 miles from the  s t a t i on  
var ies  markedly from night  t o  night .  Poor accuracy i s  characterised by 
occasional reception of more than one equisignal  and by fading during 
the  keying cycle. 

4e- OBSERVATIONS OVER LAID 

Observations made e n t i r e l y  over land under favourable conditions and 
under B r i t i s h  control  have not  been possible. The Germans however ca r r ied  out 
l a rge  sca le  observations on Some 12  near Warsaw i n  which for ty-f ive  receiving 
s t a t i ons  spread uniformly over t he  coverage area  took par t .  The r e s u l t s  have 
been published i n  a comprehensive repor t  and a summary o d y  w i l l  be given 
here. 

Accuracy by day appears t o  be much the  same as t h a t  f o r  oversea obser- 
vations.  Whereas however, the  accuracy seems p rac t i c a l l y  independent of range 
f o r  an oversea path, e r ro r s  a r e  increased by a f ac to r  ly ing between two and 
four  a t  500 miles range f o r  an overland path. Accuracy contours a r e  given i n  
g rea te r  d e t a i l  i n  the  German repor t .  
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Accuracy by night  i s  summarised i n  Figs. 7,  8 and 9. Systematic and 
rar-dorn e r rors  have var ia t ions  with range ar,d azimuth of the  form ant ic ipated 
above. The e r rors  a re ,  however, considerably greater  than those recorded over 
sea and have t h e i r  maxima a t  a greater  range than would be expected. 

5. - CONCLUSIONS AID RECOMMBDATIONS 

a )  The presence of systematic and random e r ro r s  of the  form 
expected i s  confirmed both f o r  oversea and overland paths. 

b) German observations, although not ca r r ied  out a t  ranges 
su f f i c i en t l y  g rea t  t o  give a complete picture,  a r e  the  most compre- 
hensive of those so f a r  made. 

c )  htil more complete da ta  a r e  avai lable  f o r  propagation over 
sea,  it w i l l  probably be s a f e  t o  use t he  German r e s u l t s ,  scal ing down 
the systematic and random e r ro r s  by a f ac to r  of one and a half o r  two. 

d)  A f u r t he r  programme of observation over sea should be i n i t i a t e d ,  
covering the complete operational  a rea  of a s t a t i on .  For t h i s  purpose 
it i s  recommended t h a t  observations should be made on board sh ip  so t h a t  
many counts may be taken f o r  a r e l a t i v e l y  small change of posi t ion of 
the  receiver .  

e )  It i s  recommended t h a t  automatic recorders be used i n  order 
t o  remove the  human element i n  the  determination of random er ror .  A 
separate invest igat ion may be made separate ly  i n  order t o  determine the  
multiplying f ac to r  t o  be applied f o r  the  average observer. 
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THE ACC URAC Y OF THE NAVIGATION SYSTEM PART I 

Royal Aircraft Establishment, Farnborough 

(Technical Note No. Rad.404 - June, 1947) 

A. H. Brown, M. Sc . , A .  M. I ,E .E. and F/Lf . L, IIodgson 

The report  describes the r e su l t s  of obgervations made, over sea, on the 
Bushmills Consol s ta t ion  by day and night. Observations were confined to a 
vector .approximately 20 degrees to  the normal to the l i n e  of ae r i a l s  of the 
Consol s ta t ion ,  The 50 per cent and 90 per cent random errors  by day are  
about 0.3 characters and 1.2 characters respectively and a re  substantially 
independent of range. The corresponding bearing er rors  a re  0.07 degree and 
0.28'degree respectively, 

The 50 per cent and 90 per cent random errors  by night r i s e  to a peak 
of about 1.0 and 3.5 characters a t  a range of about 250 nautical miles and 
f a l l  off  a t  the l imi t  of range to  about 0.6 and 2.0 charaoters r e s ~ e c t i v e l s ,  
The corresponding peak and l imit ing bearing er rors  are  0.23O, 0,81b and 0.i40, 
0.160. 

Systematic e r rors  e-t a t  all ranges both by day and night and are  
a t t r ibuted  to  a combination of coastal refract ion ef fec ts  and d is tor t ion  of 
the ground s ta t ion  polar pattern by mountainous aountry near the station. The 
ef fec t  i s  w, great  t ha t  the systematic error  existing a t  night due to  iono- 
spheric wave interference i s  completely masked. Systematic e r rors  appear to  
be extremely variable both i n  respect of range and small changes of azimuth; 
they may o r  may not exceed the random er rors  i n  magnitude. 

Ultimate ranges by day and night were found t o  be about 1,200 and 1,500 
nautioal miles respec tively. 

A method of representing f i x  accuracy i s  desoribed and aaauraay contours 
f o i  Bushmills - Stavanger a re  given, 



ICAO Circular 46-~~/41 85 
4 

L i s t  of Contents 

Page 

1. Introduction 

2. Scope of Observations 

3. Analysis of Observations 

3.1. Day Observations 
3.2. Night Observations 
3.3. Systematic Errors 
3.4. Range and Rel iabi l i ty  

4. Representation of Fix Accuracy 

L i s t  of I l l u s t r a t ions  

Consol - Day and Night Random Error 

Fig. 

1 (a) - (a)  

Observed and Estimated Count a s  a Funotion of Range 2 (a )  - (0) 

Consol - Fix Accuraoy Contours ( D ~ Y )  f o r  Bushmills - 3 
S tavanger 



THE ACCURACY OF THE CONSOL NAVIGATION SYSEM - PART I 

I n  a previous report ,  it was recommeraded tha t  a programme of observa- 
t ions over sea  should be carried out covering the complete operational area 
of a Consol s ta t ion ,  For this purpose it was recommended tha t  observations 
should be made on board sh ip  s o  tha t  many counts could be made f o r  a re la t ive ly  
small change of posit ion of the receiver, This psog~aaw was s tar ted during 
September, 1946, and observations were made on Bushmflls during three voyages 
between Glasgow and Montreal, me ehoice of Glasgow as a port  of departure 
w a s  made because the route was prac t ica l ly  on a constant bearing with,respect  
t o  Bushmills; i n  th i s  way, one of the variables influencing the accuracy of 
the system w a s  held substant ial ly  constant fop  a l l  the observations. 

Part  I of th is  Note provides an a n d y s f s  of the  observations made on 
one vector only, about 20 degrees with respect to  the normal to  the l ine  of 
ae r i a l s  of the Consol s ta t ion ,  Due 60 the d i f f i cu l ty  of finding ships which 
follow sui table  routes, r e su l t s  f o r  other vectors are  not y e t  available,  
I n  view of the in t e res t  taken i n  Cansob both f o r  a i r  and marine navigation, 
i t  i s  proposed t o  publish these resu l t s  as they become available,  

2 0- SCOPE OF OEERVAII!IOIB 

Experience has already shown tha t  the e r rors  of bearing derived from a 
Consol s t a t ion  have a regular var iat ion with respect t o  time of day, The 
errors  a re  greatest  a t  about midnight and l e a s t  a t  middayo It w a s  therefore 
decided t o  confine the observations t o  periods of four hours about midnight 
and two hours about midday, Because of the large distances a t  which obser- 
vations were possible, l oca l  midnight and midday half  way between Bushmills 
and the sh ip  were taken as the middle of the periods of observatlon. A high- 
grade comnica t io l l s  receiver, connected t o  one of the ship's ve r t i ca l  aer ia l s ,  
w a s  used f o r  reception, Most of the o b s e ~ ~ a t i o n s  were made by one of the 
authors, but some were made by M r ,  C ,Go Emce, a supernumerary wireless opera- 
t o r ,  Comparison of counts made by the two observers indicated tha t  no 
weighting was necessary t o  allow f o r  difference of a b i l i t y ,  

3 ,- ANALYSIS OF OBSERVATIONS 

3.1 ,- Day Observations 

The 50 per cent and 90 per cent random er rom referred to  the mean of 
each two-hour groups have been determined and are plotted i n  F igo  l ( a )  and (b) 
as a function of range, The er rors  are  small but by no me- constant from 
day t o  day, The er ror  d is t r ibut ion  a lso  varied from day t o  day as may be seen 
by comparing the r a t i o  of 50 per cent to 90 per cent e r ro r  f o r  d i f fe rent  
groups of observations, There is an upward trend of e r ror  towards the limit 
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of range. This is  t o  be expected s ince  t h e r e  would n a t u r a l l y  be a g rea te r  
spread of e r ro r  a s  t h e  signal-to-noise r a t i o  diminishes. 

3.2.-  Night Observations 

The 50 per cent and 90 per cent random e r r o r s  r e f e r r e d  t o  t h e  mean of 
each four hour group, a r e  p lo t t ed  i n  Figs. l ( c )  and (d )  . The speed of t h e  
sh ip  was only 10 knots s o  t h a t  sub-division of t h e  four-hour group i s  hardly  
worth while. 

The va r ia t ion  of e r r o r  with respect  t o  range i s  s u b s t a n t i a l l y  i n  accord- 
ance with predic t ion except f o r  t h e  first t r i p ,  i n  which t h e  l a r g e  r a ~ ~ d o u  
k r ro r s  t o  be expected between 300 and 400 miles did not  appear. It i s  a l s o  
apparent t h a t  were t h e  observations ?smoothed* t h e  peak e r r o r  would probably 
be a t  about 250 miles from t h e  s t a t i o n  ins tead of a t  t h e  t h e o r e t i c a l  range 
of 350 miles.  It i s  a l s o  i n t e r e s t i n g  t o  note t h a t  t h e r e  i s  no marked peak 
e r ro r  a t  g rea te r  range, which would be expected i f  t h e  "second hopn E l ayer  
r e f l e c t i o n  were of s u f f i c i e n t  amplitude. A t  ranges g rea te r  than 600 miles 
t h e  n ight  e r r o r s  exceed t h e  corresponding day-time e r r o r s  by a f a c t o r  of 
about two, ind ica t ing  f a i r l y  good ionospheric s t a b i l i t y .  

3 . 3 . -  Svstematic Errors  

I n  any s e r i e s  of experiments ca r r i ed  out t o  determine t h e  accuracy of 
a navigat ional  a i d  over sea,  t h e r e  i s  always t h e  furdamental d i f f i c u l t y  of 
determining t h e  t r u e  pos i t ion  of t h e  receiver .  As r'ar a s  random e r r o r s  a r e  
concerned t h e  d i f f i c u l t y  i s  not  g r e a t  s ince  va r ia t ion  both with range and 
azimuth i s  f a i r l y  slow, The systematic e r r o r  may, however, be comparable 
t o  t h e  e r r o r  of est imation of t h e  t r u e  pos i t ion  of t h e  receiver  and some 
considerat ion must be given t o  t h e  treatment of t h e  ava i l ab le  da ta .  

Observations i n  t h i s  country show t h a t  t h e  day-time systematic e r r o r  
i s  small.  No long term observations have been made, but counts made by 
various observers i n  d i f f e r e n t  p a r t s  of t h e  country agreed with t h e  value 
given by t h e  a v a i l a b l e  char t s  t o  t h e  accuracy t o  which they could be read,  
i . e .  2 0.5 character .  It i s  the re fo re  reasonable t o  assume t h a t  a day-time 
systematic e r r o r  would not  exceed 0.5 character  and t h a t  t h e  day-time obser- 
va t ions  over sea  might themselves be used as a standard of reference with 
respect  t o  which t h e  n igh t  time systematic e r r o r  could be determined. In 
Fig. 2 t h e  mean counts f o r  each two-hour day, and each four-hour n ight  
period have been p lo t t ed  a s  a function of range. Smooth curves a r e  drawn 
through t h e  po in t s  represent ing t h e  day and n igh t  observations and t h e  
d i f ference  of count a t  any range should give a f a i r l y  accura te  measure of t h e  
systematic e r r o r  a t  t h a t  range,  It w i l l  be observed, however, t h a t  t h e  
count a t  n ight  i s  always l e s s  than t h e  count during t h e  day a t  t h e  same range. 
This corresponds t o  a systematic e r r o r  giving an apparent bearing s h i f t e d  
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away from the  normal t o  the  l i n e  of ae r ia l s .  This i s  contrary t o  theore t ica l  
expectation and previous experience . 

For purposes of comparison, the  count a s  a function of range derived 
from the  noon posit ions recorded i n  the  ship 's  log  i s  a l so  plot ted i n  Fig. 2. 
The agreement with the  day Consol observations i s  poor and can hardly be 
a t t r ibu ted  en t i r e ly  t o  uncer ta inty  of the  ship 's  position. An e r r o r  of one 
character  corresponds t o  a posi t ion l i n e  e r r o r  of approximately 0.4 mile at 
a range of 100 miles, so t h a t  e r r o r s  of navigation up t o  t en  miles would have 
been necessary t o  account f o r  the  discrepancies observed. 

A possible explanation of the  e f f ec t  l i e s  i n  the  f ac t  tha t ,  f o r  the  
par t i cu la r  vector  on which observations were made, Inishowen and W i n  Heads 
l a y  between the s t a t i on  and t h e  ship. These headlands a r e  mountainous, 
having peaks over 1,000 f t .  high, so t h a t  these together with coasta l  refrac- 
t i o n  may account f o r  considerable d i s t o r t i on  of the  polar pa t te rn  of the  
a e r i a l  system. The d i s t o r t i on  a t  night may not be so marked because of the  
reception of the  sky wave, t h e  di f ference between day and night readings 
being suf f ic ien t  t o  account f o r  t he  apparent systematic e r r o r  i n  t he  opposite 
sense t o  t ha t  expected. On the  other  hand, it would be expected t h a t  t h e  
di f ference between night observations and counts computed from the  estimated 
ship 's  posi t ion would be s m a l l  beyond a range of 600 miles. From Fig. 2 it 
may be seen t h a t  t h i s  is not the  case, the  discrepancy being grea tes t  at 
extreme range. The reasons f o r  the  observed e f f e c t s  a r e  by no means c l ea r  
and it i s  hoped t o  make fur ther  observations within s igh t  of the  I r i s h  coast  
so t h a t  a careful  check on the  t r ue  posi t ion of the  receiver  can be made. 

3.4.- Range and Re1 i a b i l i t y  

The day and night ranges obtained were about 1,200 miles and 1,500 
miles respectively,  agreeing qu i te  w e l l  with ranges obtained during a i r c r a f t  
trials. With regard t o  r e l i a b i l i t y ,  l e s s  than 1 per cent of the  observations 
were l o s t .  The l o s s  i s  a t t r i bu t ab l e  t o  de te r io ra t ion  of signal-to-noise r a t i o  
a t  extreme range and not t o  the  appearance of mult iple equi-signals. The 
l a t t e r  phenomenon has  frequently been observed i n  t he  course of o ther  trials 
but was absent throughout the  t r i a l s  described here. The r e l i a b i l i t y  of t he  
system i s  not a s  good i n  the  a i r ,  some 36 per cent  of the  observations being 
l o s t ,  The high noise l e v e l  experienced i n  an a i r c r a f t  was probably the  
major cause of the  poor performance and a considerable improvement would 
have resul ted if a high-grade receiver,  having a narrow band-width, had been 
used. 
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I n  making use  of any n a v i g a t i o ~ a l  a i d  providing a f i x ,  a  naviga tor  
r e q u i r e s  t o  know t h e  probable e r r o r  of h i s  p o s i t i o n  r a t h e r  than  t h e  e r r o r s  
of t h e  i n d i v i d u a l  p o s i t i o n  l i n e s  from which t h e  f i x  has been der ived .  
Provided t h a t  t h e  random p o s i t i o n  l i n e  e r r o r s  have a Gaussian d i s t r i b u t i o n ,  
it  i s  e a s i l y  shown t h a t  a  g iven  propor t ion  11~  of a  l a r g e  number of f i x e s ,  
determined a t  a f i x e d  r e c e i v i n g  po in t ,  w i l l  l i e  wi th in  an e l l i p s e  wi th  c e n t r e  
a t  t h e  po in t  of r e c e p t i o n .  The dimensions of t h e  e l l i p s e  a r e  determined by 
N, t h e  probable e r r o r  of each p o s i t i o n  l i n e  and by t h e  geometry of t h e  
system. This  method of t rea tment  has  been widely used i n  a s se s s ing  t h e  
accuracy of Gee, Loran and o ther  a i d s ,  t h e  a r e a  of t h e  e l l i p s e  wi th in  which 
t h e r e  i s  a 1:l or 9 : l  chance t h a t  a  f i x  w i l l  f a l l  having been commonly used 
a s  a  measure of t h e  probable p o s i t i o n  e r r o r .  In  t h e  case  of Consol, however, 
t h e  random p o s i t i o n  l i n e  e r r o r s  a r e  no t  d i s t r i b u t e d  normally.  For t h i s  
reason an a l t e r n a t i v e  index  of f i x  accuracy, t h e  r o o t  mean square  r a d i a l  
e r r o r ,  has  been chosen and i s  de f ined  a s  fo l lows .  If a l a r g e  number of 
f i x e s ,  n ,  a r e  determined a t  a given p o i n t  of r ecep t ion  and t h e  d i s t a n c e s  
between t h e  f i x e s  and t h e  po in t  of r e c e p t i o n  a r e  dl, d2 ... dn then  t h e  
r .m.s. r a d i a l  e r r o r  i s  given by 

1 n d2 = - C 2 
n i=1 di 

I f  t h e  p o s i t i o n  l i e s  from a p a i r  of Consol s t a t i o n s  C1, C2 i n t e r s e c t  
a t  an ang le  a t  a  p o i n t  P, then  t h e  r.m.s. r a d i a l  e r r o r  i s  given by 

where rl, r2 a r e  t h e  ang le s  PCl, PC2 i n  accordance wi th  t h e  we l l  known 

d e f i n i t i o n s  of s p h e r i c a l  t r igonometry ( d  w i l l  a l s o  be i n  angular  measure).  

1 
and be a r e  t h e  s tandard  dev ia t ions  of bear ing  e r r o r  f o r  t h e  two 

2 
p o s i t i o n  l i n e s  PC1, PC2. It i s  assumed t h a t  t n e r e  i s  no c o r r e l a t i o n  between 
t h e  e r r o r s  of t h e  two p o s i t i o n  l i nes* .  

* It i s  worth po in t ing  out t h a t  t h e  same r e s u l t  i s  t r u e  Tor t h e  l a r i o u s  
hyperbol ic  systems f o r  t h e  reg ion  i n  which t h e  1;yperbolae a r e  s u t s t a ~ t i a l l y  
co inc iden t  wi th  t h e i r  asymptotes.  Consol i s  i t s e l f  a hyperbol ic  s y s t e : ~  f o r  
which t h e  base l i n e  a t  each s t a t i o n  i s  s o  s h o r t  t h a t  t h e  p o s i t i o n  l i n e s  a r e  
s u b s t a n t i a l l y  s t r a i g h t  a t  ranges  g r e a t e r  than  about 30 miles  from t h e  s t a t i o n s .  
The r e s u l t  i s  a l s o  t r u e  f o r  D.FG 
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1 and O- vary i n  a complex manner at n igh t ,  both with range 
2 

and azimuth, and i n su f f i c i en t  da t a  a r e  ava i l ab le  t o  form a p ic tu re  of f i x  
accuracy. During t h e  day, however, i t  i s  es tabl ished t h a t  t h e  accuracy of 
count i s  reasonably independent of range and azimuth up t o  t he  limit of 
coverage a d  ee, ,re may be derived from the  expression 

1 

where D i s  the  a e r i a l  spacing, A t h e  wavelength, 8 the  angle of posi t ion 
l i n e  makes with t he  normal t o  t he  l i n e  of a e r i q l s  and r i s  the  standard 
deviat ion of e r r  or of count. 

\ 

The above expression fo r  d, although simple, e n t a i l s  a good dea l  of 
computation i f  accuracy contours a r e  required fo r  t h e  complete coverage of a 
p a i r  of s t a t i ons .  A s  an example, t he  contours have been worked out (F'ig.3) 
f o r  t h e  coverage of Bushmills and Stavanger over t he  Br i t i sh  I s l e s  and t he  
North Sea,  Ea r l i e r  observations disc losed a standard deviat ion of count of 
about two characters  f o r  Stavanger . The standard deviat ion of count f o r  
Bushmills i s  about 0.9 character .  It i s  known t h a t  t he r e  was d i f f i c u l t y  i n  
maintaining adequate monitoring a t  Stavanger at t he  time t h e  observations were 
made, so  t h a t  greater  r e l i ance  may be placed on t he  f i gu re  obtained fo r  
Bushmills. The contours of Fig.3 have been determined f o r  a standard devLation 
of one character  and may therefore  be considered a s  somewhat pess imis t ic  f o r  
a normally monitored pa i r  of s t a t i o n s .  

On account of p e c u l i a r i t i e s  of s i t i n g ,  F'ig.3 i s  not  t o  be taken a s  
t yp i ca l  of t he  performance obtainable;  s i t i n g  may be s o  arranged a s  t o  vary 
t he  region of best f i x  over qu i t e  wide limits. For example, a pa i r  of s t a t i o n s  
s i t e d  1,400 miles apar t ,  and arranged with t h e  normals t o  t h e  l i n e  of a e r i a l s  
i n t e r s ec t i ng  at  r i g h t  angles, would have a f i x  accuracy of about t h r ee  miles 
a t  1,000 miles from each s t a t i o n .  

I t ,mus t  be s t ressed  t h a t  Fig .3  represents  t h e  basic accuracy of t h e  
Bushmills - Stavanger pa i r  and does no t  take account of any systematic e r ro r s  
which might occur in unfavourable p a r t s  of t h e  coverage. 
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THE PERFORMANCE OF THE CONSOL SYSTEM OF NAVIGATION 
I N  HIGH ATMISPHERIC NDISE LEVELS 

South African Council fo r  Sc ient i f ic  and Industr ia l  Research 

Telecommunications Research Laboratory 

D. Hogg 

lilarch, 1951 

A method is  described by which the minimum f i e l d  strength necessary f o r  
the operation of the Consol system of navigation under South Afrioan summer 
atmospheric noise conditions has been determined. 

The use of a simulator enabled measurements to  be made a t  a fixed s i t e  
i n  atmoapherio noise l eve l s  indioated by Telecomunications Research 
Laboratory Low Frequency Noise Recorder. Factors of s ignal  to  noise r a t i o  
fo r  various degrees of accuracy were determined. 

Certain noise l eve l  data fo r  1949 and 1950 a r e  presented to  show the 
duration of various noise levels.  

The serviaeabi l i ty  a t  various ranges of a Consol s t a t ion  radiat ing a 
total power of 1 kw has been estimated, 
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THE PERFORMANCE OF THE CONSOL SYSTEM OF NAVIGATION 
I N  HIGH ATMOSHIERIC NOISE W E I S  

1. - INTRODUCTION 

3uring the  Johannesburg summer season November t o  March 1951 Telecomu- 
-.;.cations Research hbora tory ,  C.  S. I .R., undertook the  t e s t i n g  of various 
navigational  a id s  t o  a i r c r a f t  i n  atmospheric noise. This work bras done on 
behalf of t he  Council of C iv i l  Aviation. 

The obje t  of the  t e s t s  was t o  f ind the usefu l  working range of the  navi- 
gat ional  a ids  under the  high l eve l s  of atmospheric noise prevail ing i n  Southern 
Africa i n  the summer season. 

Continuous records of atmospheric noise i n  Johannesburg a s  recorded on 
the  T.R.L. 100 kc atmospheric noise recorder s ince  January 1949 were avai lable ,  
together with recordings over a sho r t e r  period f o r  Iadysmith, Natal, and 
Nairobi, Kenya. 

By using t h i s  noise recorder a s  t he  c r i t e r i o n  of noise and es tab l i sh ing  
the  accuracy of t he  a id s  a t  various S/N r a t i o s  it w a s  hoped t o  be able  t o  
predic t  s e rv i ceab i l i t y  over a long period. 

This repor t  r e f e r s  t o  t e s t s  made on the  "Consol" system of navigation, 

2. - DESCRIPTION OF EQUI BENT AND FROCEDURE 

2 ,1 , -  Method of Measurement 

The measurements were made on a f ixed ground s i t e  with the  a id  of a 
s i gna l  generator and a 'tConsol simulator" t o  provide the  s ignals  normally 
obtained by movement through the  t ransmi t te r  pat tern .  Atmospheric noise was 
picked up by a v e r t i c a l  a e r i a l  of known charac te r i s t i cs .  

By using the s i gna l  generator a t tenuator  reading and the atmospheric 
noise l e v e l  a s  indicated by t he  T.R.L. recorder, it was possible t o  obtair, a 
s i gna l  t o  noise r a t i o .  

It is  apparent t ha t  the  f igure  of S/N r a t i o  obtained took no account of 
p rec ip i ta t ion  s t a t i c  l ike ly  t o  be encountered i n  a moving a i r c r a f t .  Thus the  
noise quoted r e f e r s  spec i f i c a l l y  t o  atmospheric noise only. 

The frequency of the  Consol s i gna l  used was i n  the  neighbourhood of 
300 kc/$ and no fac tors  were included f o r  the  d i f f e r en t  noise recorder f re-  
quency and bandwidth. 
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It i s  appreciated t h a t  noise data on 300 kc/s would have been prefer- 
able f o r  t h i s  type of t e s t ,  but no such information is  a t  present avai lable  i n  
t h i s  country. 

The measurements, however, were a l l  made during t he  afternoon and ea r ly  
evening, wnen the  highest  noise l eve l s  tend t o  occur, and a t  noise l eve l s  high 
enough t o  ind ica te  t h a t  the  major contribution came from nearby storms. It 
was therefore  assumed t h a t  t he  noise measurements a t  100 kc/s would be reason- 
ably well  corre la ted with the noise on 300 kcjrs. A t  lower noise l eve l s  
produced by more d i s t a n t  sources considerable discrepancy would be expected 
owing t o  d i f f e r en t  propagation conditions. These l eve l s ,  however, are  unim- 
portant  i n  so  f a r  a s  est imating the  e f f e c t  of noise on s e rv i ceab i l i t y  i s  
concerned. 

2.2,- S i a l  Source 

The s igna l  source i n  t he  t e s t  was a General Radio Signal  Generator type 
1001A. This i s  f i t t e d  with a decade a t tenuator  and a s l i d e  wire f o r  i n t e r -  
mediate adjustment. Signals continuously var iable  from 1 yV t o  100 MV were 
available.  The output of t h i s  instrument when per iodical ly  checked against  a 
General Radio Signal  Generator type 805C showed close agreement. 

2.3 .- Consol Simulator 

This un i t  was constructed i n  the  T.R.L. and is shown schematically i n  
Figure 1. 

The s igna l  generator was connected t o  a motor driven coder arranged so  
t h a t  the  s i gna l  was passed t o  t he  s t a t o r  of one var iable  condensor f o r  1 sec. 

32 

SIGIJA L 
4 

GENERATOR 

50 PF 
C 
C 

TO RECEIVER 
1 ,001 - - - 

FIGURE 1 
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5 an2 t o  the s t a t o r  of another forl7 sec,  The ro tors  of these  condensers were 

connected together mechanically 180° out of phase an2 driven by a synchronous 
motor of 1 rev/minute. A 100 pF mica condenser connected t o  ea r th  from the  
ro tors  completed a var iable  condenser potentiometer. A i r  trimmers connected 
across  eech var iable  condenser provided adjustment. 

The r e su l t an t  output of t h i s  device t o  the receiver  was a number of dots  
( o r  dashes) gradually decreasing i n  amplitude u n t i l  they merged i n t o  dashes 
( o r  dots)  which f i r s t  increased i n  amplitude and then decreased u n t i l  another 
change-over occurred. The time taken t o  complete one cycle was 30  seconds and 
i n  t h i s  time 60 characters were produced. 

The output t o  the receiver  i s  shown i n  Figure 2. 

The f i e l d  s t reng th  r a t i o  of maximum,  cross-over and min i rm  of a consol 
lobe i s  6:4:2, and i n  the  simulator it was possible,  by adjust ing the  p a r a l l e l  
trimmers, t o  arrange f o r  the  maximum and cross-over points t o  bear the  correct  
re la t ionsh ip  t o  one another. The minimum of the  lobe was below t h a t  of a 
normal consol s t a t i on .  This was not considered serious enough t o  warrant the  
cu t t ing  of spec ia l ly  shaped condenser p la tes .  

The r a t i o  of s i gna l  indicated on the Signal  Generator t o  the  output of 
the  condenser potentiometer a t  the maximum of the  lobe was found by measure- 
ment t o  be 11.1 t o  1. 

A switch across t he  coder contacts made it possible t o  change the simu- 
l a t o r  output from C.W. t o  Consol signal .  

A d i a l  at tached t o  the condenser motor was graduated i n  dots and dashes 
and indicated the  number of characters t o  the next cross-over point .  

2.L.- Noise Aeria l  

The atmospheric noise was picked up on a whip a e r i a l  18 f e e t  3 inches i n  
height, mounted on an insu la to r  which screws on t o  a metal s take driven i n t o  
the  ground. A low capacity co-axial cable 20 f e e t  i n  length was used t o  feed 
the  noise i n t o  the  receiver .  

The e f f ec t i ve  height of t he  whip a e r i a l  was measured t o  be 2.2 metres 
and i t s  capacity a s  47 pF. 

2.5.- Receiver 

The receiver  used i n  t he  t e s t s  was a high qua l i t y  communications receiver  
equipped with a bandpass se lec t ion  switch giving bands of 10 kc, 5 kc, 1.5 kc., 
500 cycles and 100 cycles. The l a t t e r  was provided by an audio f i l t e r .  
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A s  t he  t e s t s  were performed on 300 kc/s and the  lowest frequency 
obtainable on the  receiver  was 2 Mc/s, it  was necessary t o  add a fu r the r  
mixer t o  the  imput, The c i r c u i t  diagram of t h i s  mixer is shown i n  Figure 3 .  

With the  receiver  d i a l  s e t  t o  2.7 MC/S a s i gna l  of 300 kc/s was 
received. The de te r io ra t ion  of noise f ac to r  caused by the  addi t ion of the  

CGAXIAL 

TO NOISE 10 PF 

FIGURE 3 

mixer was not important a s  atmospheric noise was always t he  l imi t ing  fac tor .  

2.6.- T.R.L. 100 kc/s Xoise Recorder 

This un i t  i s  f u l l y  described i n  "The Measurement of Atmospheric Radio 
Noise i n  South Africa i n  the  b w  Frequency Bandr1, Transactions of S.A.I.E.E., 
July 1950. For t he  purpose of the  Consol t e s t s  t he  recorder was read v i sua l l y  
a t  frequent in te rva l s .  

2.7. - Measurement Procedure 

The various units were connected up a s  shown i n  Figure 4. The dummy 
a e r i a l  used t o  feed the  Consol simulator s i g n a l  was a 50 pF condenser. 
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Two operators were required t o  conduct the tests, one t o  i n t e rp re t  the 
s igna l  heard i n  the phones, and the second t o  i n i t i a t e  the Consol sequence and 
t o  s top  it a t  the correct  moment by mans of the C.W. - Consol Switch. 

FIGURE 4 

RECORDER 

The noise l e v e l  was read off the noise recorder by timing the movement of 
the cathode ray spot over a period of about two minutes, an appropriate s i g n a l  
l eve l  was s e t  i n to  the Consol simulator from the Signal Generator, and the 
Consol s igna l  s t a r t ed  a t  an a rb i t r a ry  point on the simulator d i a l .  After 
30 seconds (i .e.  60 characters) the s igna l  was switched back t o  C.W. and the 
apparent Consol posit ion calculated from the count made i n  the headphones and 
compared with the d i a l  indication. Four or f i v e  t e s t s  were taken a t  d i f f e r en t  
cross-over points at each S/N ra t io .  Tests were a l s o  made a t  d i f f e r en t  re- 
ceiver bandwidths. 

H 
0 z 

A typ ica l  record sheet is  shown i n  Figure 5 .  

The formula f o r  deriving S/N r a t i o s  from the Signal Generator reading and 
the noise l e v e l  was 

-r 

- Signal  Generator output s/N - 
11.1 x 2.2 x noise fiV/inetre 

CQAXIAL CABIE -- --- - - - - - - - - - - - - - TO - 
C 

HONES 
RECEIVER - - - - - -  -- - -  - MIXER 

- - - 
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The Signal t o  noise r a t i o  a s  calculated above r e f e r s  t o  the s igna l  a t  
the maximum of the lobe and i n  t h i s  report  a l l  r a t i o s  w i l l  r e f e r  t o  lobe maximum. 

3.-  ASSESSMENT OF PERFORMANCE I N  ATMaSFHERIC NOISE 

3 .1 . -  Progress of Tests 

The t e s t s  were carried out i n  December 1950 and January and February 1951 
a t  Palmietfontein Airport, some 15 miles south-east of Johannesburg. The 
equipment was mounted i n  a panel van which was garaged i n  Johannesburg and 
driven out t o  Palmietfontein on sui table  days. The t e s t i ng  s i t e  was s i tua ted  
on the south boundary of the  Airport, about a mile from the nearest  buildings 
from which man-made noise was l i k e l y  t o  emanate, A 220 V 5 0 d  supply was 
available a t  t h i s  point. 

No lack of atmospheric noise was experienced i n  the t e s t s ,  which were 
carried out on a number of d i f fe ren t  days, with noise levels  ranging from 
103 u~ /me t re  t o  750 fiV/haetre, On a number of occasions violent l oca l  thun- 
derstorms took place. 

3.2.- Assessment of Performance 

Figures 6 and 7 a re  graphs of s igna l  t o  noise r a t i o  i n  Db against  noise 
l e v e l  i n  u~/haetre. The symbols indicate  the  accuracy i n  characters of each 
point. Each p lo t  on the graph represents the e r r o r  obtained by counting 60 
characters i n  30 seconds. The symbols a r e  a s  follows: 

0 t o  1 character e r r o r  0 

1 t o  3 ll 11 la' 

grea te r  than 5 11 X 
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It i s  evident from these graphs t h a t  the  noise l e v e l  a t  which the  meas- 
urement is  made has l i t t l e  bearing on the  accuracy of the  answer. A t  any 
pa r t i cu l a r  s i gna l  t o  noise r a t i o  a considerable var ia t ion  i n  tne  accuracy of 
the  reading occurs. A t  - 16 db i n  Figure 6, f o r  instance,  a number of f i r s t  
c l a s s  readings a r e  interspersed with readings of 5 characters o r  more e r ro r .  
An e r r o r  of characters i n  the  f inal r e s u l t  i s  a ser ious  one a s  it can mean 
t h a t  one count has been wrong by 10 characters or  t h a t  each count has been out 
by 5 characters.  

The deviation of accuracy a t  any pa r t i cu l a r  S / h  r a t i o  can be accounted 
f o r  by the  nature of t he  noise, Typical noise consisted of a number of crashes 
followed by r e l a t i v e l y  qu ie t  periods. These crashes a t  tines completely ob- 
scured the  s i gna l  heard i n  the  headphones and on these  occasions the  operator 
counted through the crashes by knowing t he  r a t e  of coding, If v io len t  crashes 
occurred during the  cross-over point  o r  a t  t he  beginning o r  end of the  cycle 
it was possible f o r  the  count t o  be badly out.  

It i s  apparent from the  above t h a t  the  column marked ' l to ta l l f  i n  Figure 5 
is not the  number of characters ac tua l ly  heard by t he  operator but includes 
some of those obscured by s t a t i c  crashes. 

During the  t e s t s  the  operator 's  react ion t o  the  changing s i g n a l  t o  noise 
r a t i o  was t h a t  a t  s/N r a t i o s  of - 16 db the  Consol s ignals ,  although obscured 
by occasional crashes were readable without much e f f o r t .  Below t h i s  r a t i o  
considerable doubt exis ted a t  t he  cross-over point  but it was possible t o  
obtain occasional good p lo t s  a t  r a t i o s  a s  low a s  - 22 db, 

The points p lot ted i n  Figures 6 and 7 were taken a t  receiver  bandwidths 
of 500 cycles and 1500 cycles. Figures 8 and 9 show cumulative frequency 
graphs drawn f o r  the  two bandwidths, Curve A i n  each case shows the  number of 
observations indicated by 0s expressed a s  a percentage of the t o t a l  readings, 
a t  o r  below t h e  s/JW r a t i o  i n  question. Curve B shows t he  number of obsema- 
t ions  indicated by X s  a t  or  abwe  the  s/JW r a t i o  i n  question. 

From t h e  5OCLgraph it appears t h a t  a t  a s/N r a t i o  of - 18 db 5% of the  
readings were bad and % good, with the r e s t  intermediate. Taking 5 characters 
t o  one degree t h i s  means t h a t  a posi t ion l i n e  within 2 lo i s  obtainable i n  9@ 
of readings a t  a s / N  of - 18 db. 

The cross-wer  point  on the  1500 cycle bandwidth graph shows t h a t  f o r  
the  same accuracy a s i gna l  t o  noise r a t i o  of - 16 db i s  required* These 
f igures  agree wel l  with the  operator 's  impression when reading i n  noise,  
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% NO. OF READINGS % NO. OF READINGS 

It was found t h a t  t he  receiver  bandpass had l i t t l e  e f f e c t  on the  s/N 
r a t i o  required u n t i l  the  bandpass was of t he  order of 5 kc/s. Thus accurate 
p lo t s  were obtained during one t e s t  a t  a S h  r a t i o  of - 16 db a t  a l l  bandwidths 
except LO kc, when the s i gna l  was p r ac t i c a l l y  obscured by noise. This e f f e c t  
has been observed i n  other work done by t he  laboratory and it i s  assumed t o  be 
due t o  the  a b i l i t y  of t he  operator t o  concentrate on one pa r t i cu l a r  tone, i n  
other  words, the  f i l t e r i n g  ac t ion  of the human ear .  

L. - TEIECO'MJNICATIONS RESEARCH IABORATORY 100 KC NOISE lEVEL DATA 

Information on 100 kc/s noise l eve l s  as recorded by T.R.L. i n  
Johannesburg has been published i n  T.R. L. Report ETR-6, "The Performance of 
the  Decca Receiver i n  High Atmospheric Noise b v e l s " ,  and i n  t he  publication 
mentioned i n  2.6 of t h i s  paper. 

Since the  publication of t h i s  data fu r the r  information on 100 kc/s 
noise has been recorded. While a de ta i l ed  ana lys i s  of these  records has not 
been made, they appear t o  confirm the  remarks made i n  the above-mentioned 
repor ts .  
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Figure 10 shows the  percentage number of days on which the  noise l e v e l  
exceeded a given l e v e l  f o r  various contin~rous periods of time. The r e s u l t s  
obtained i n  October, November, December 1949 and January 1950 are  compared 
with those f o r  t he  same period of 1950-51. It i s  apparent t ha t  the  l a t t e r  
r e s u l t s  a r e  i n  general  lower than those f o r  the  previous year. 

j . - RfiNGE AND SERVICFABI U T Y  

An est imate of t he  se rv iceab i l i ty  of a Consol s t a t i o n  i n  atmospheric 
noise can be made with the  a i d  of the  graphs i n  Figure 10. 

% OF DAYS ON WHICH NOISE WAS EXCEEDED FOR CONTINUOUS PERIODS QUOTED 
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For t h i s  purpose the  Consol frequency has been assumed t o  be 300 kc/s 
and the  ground conductivity 6 x 1 0  - U. e.m.u, The l a t t e r  f igure  is  a rough 
average conductivity f o r  the  Union of South Africa, based upon recent measure- 
ments. It i s  fu r the r  assumed t h a t  the  t o t a l  radia ted power f r o ?  t he  three  
Consol a e r i a l s  i s  1 kW and t he  s i gna l  t o  noise r a t i o  f o r  reasonably good Consol 
operation is - 16 db o r  .15. 

The f i e l d  s t rength  a t  the  max imum of the  Consol lobe a t  a given range 
w i l l  be t / 2  times t he  f i e l d  s t reng th  s e t  up by a s ing le  mast rad ia t ing  1 kW 
power and the  following t ab l e s  may be compiled, 

TABLE I 

TABLE I1 

RANGE STATUTE MILES 

SIGNALSTRENGTHAcV/h 

CRITICAL NOISE X V ~  

* October , November, December, January. 

150 

480 

3200 

TIME u/S 
PER DAY 

20 mins. 

1 hour 

3 hours 

The est imates i n  Table I1 were made by using t ne  highest curve i n  
Figure 10 a t  each period of t i m e .  The number of days unserviceable f o r  t he  
other months of the  year a t  any of the  ranges quoted w i l l  be small. 

200 

255 

1700 

6,- CONCLUSIONS 

300 

92 

610 

250 

156 

1000 

5 NO. OF DAYS OF SUMMER MONTHS u/S* 

The s e rv i ceab i l i t y  and accuracy which could be expected from a Consol 
s t a t i o n  working i n  noise l eve l s  such a s  experienced on the  Witwatersrand i n  
summer has been estimated. It appears t h a t  with a t o t a l  radiated power of 
1 kW from a Consol s t a t i o n  a range of 200 s t a t u t e  miles should be obtainable 
with a reasonable degree of se rv iceab i l i ty ,  A t  t h i s  range during high noise 
l eve l s  the  bearing accuracy w i l l  be 2 lo f o r  more than 9% of the  readings. 

350 

57 

380 

400 miles 

47 

44 

34 

400 

3 5 

230 

350 miles 

36 

33 

22 

150 miles 

3 

0 

0 

250 mtles 

14 

9 

3 

200 miles 

6 

3 

0 
- -  

300 miles 

2 1 

17 

12 
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INFORMATION SUBMITTED BY THE UNITED STATES 

The following material contains some commercial airLLne operational 
experience with the f ive  European CONSOL s ta t ions  and with one experimental 
s ta t ion which was operated within the United States  i n  the years 1949-51, 

The American CONSOL s t a t ion  ins ta l led  a t  Allaire included Coarse and 
Fine systems, which pract ical ly  eliminated the d i f f i c u l t i e s  due t o  ambiguities, 
In the Fine system the ambiguities were approximately 30 degrees apart, and i n  
the Coarse system were approximately 60 degrees apart, Automatic control 
c i r cu i t s  were provided f o r  transmission of the Coarse system l ines ,  every one 
to  f i f t h  transmission of the Fine system l ines ,  

Three antennas were ins ta l led  i n  a l ine ,  with the antenna a t  one end 
used i n  common with the other two to form two pa i r s  of radiators,  The common 
antenna and i t s  nearest antenna were spaced one wavelength apart  and were used 
t o  generate the Coarse sys tem l ines ,  The common antenna and the f a r  endl antenna 
were spaced three wavelengths apar t  and were used t o  generate the Fine system 
l ines .  Only one pair of antennas was energized a t  a time, 

The Coarse pattern(average lobe width - 35 degrees) has since been dis- 
carded, since it is f e l t  t ha t  the ambiguity fac tor  of two lobe widths obtained 
with the Fine pattern, a mininrum of 20 degrees i n  azimuth, can well  be tolerated 
i n  a long range navigational system, A t  azimuths close t o  the antenna l ine ,  
the observer may hear ident ica l  counts on both sides of the antenna l ine.  How- 
ever, movement of the observer one character l a t e r a l l y  i n  e i ther  direct ion w i t h  
respect t o  h i s  i n i t i a l  line-of-position reading w i l l  enable the observer t o  
determine the specific lobe covering h i s  position, The reason f o r  t h i s  i s  t h a t  
the pa t te rnDs ro ta t ion  on one side of the antenna baseline i s  counterclockwise, 
while the ro ta t ion  on the other side of the baseline i s  clockwise, 

One important improvement incorporated i n  the American CONSOL s ta t ion  was 
t o  minimize the horizontal radiat ion from the antenna feeders a t  the operating 
frequency, thus minimizing "night effectn and impoving the system accuracy, 
This was accomplished by individually exciting each antenna a t  i t s  base a t  the 
operating frequency, A low l eve l  signal which was a sub-harmonic of the oper- 
a t ing frequency was transmitted over the transmission l i n e  feeders and multiplied 
and amplified a t  each tower s i t e ,  Radiation from the transmission l i n e  would 
be a t  a sub-harmonic of the operating frequency and a t  low power level ,  This 
mode of exci ta t ion w i l l  be used in future American CONSOL stations,  

Results of monitoring the CONSOL s ta t ion  indicated the 95 per cent system 
accuracy a t  f ixed monitors to  be between one-half and one and one-half degrees 
during the daytime and between appoximately three-fourths and two degrees a t  
night, It is, of course, not possible to s t a t e  how much these e r rors  would 
increase on the basis  of one or two count readings i n  an airplane, but data from 
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reports  on evaluation of Some by the Germans showed tha t  25 percent of the 
readings of ground monitors were within one-third degree and a l l  readings were 
within one degree, whereas i n  an airplane 25 pepcent of the readings were within 
one-third degree, but some readings were i n  error  a s  much as  jbi."ee degrees, 
The re su l t s  of some a i r l i n e  operational experience i s  attached hereto a s  
Appendix 1, 

AIRLINE OPERATIONAL EXPERBNCE WITH CONSOL 

Scheduled a i r l i n e  a i r c r a f t  flyTing %he North Atlantic Ocean are  u t i l i z ing  
existing CONSOL stat ions on a routine operational basis, 

Operators are  using CONSOL because it u t i l i z e s  equipments and practices 
which are a logical  extension from current operating practice, Since CONSOL can 
be received on any one of a number of receivers already available i n  the i r  a ir-  
craf t ,  adequate standby is available with no additional increase i n  the weight 
or space requirement of the radio instal la t ion,  Themceivers are  connected into 
the intercommunication system of the a i r c ra f tg  thereby permitting f u l l  f lex ib i l -  
i t y  for  use by a l l  crew members on the f l i g h t  deck a s  felt ,  desirable, Special 
crew training and maintenance personnel tra%n%ng axe mfnMaed, CONSOL also  
provides a valuable high power NDB (non-directional beaqon) service, and provides 
clean ADF overhead indications, The maximum range capabil i t ies  are  good and the 
line-of-position accuracy fo r  most sf %he coverage area is satisfactory, 

An analysis by one car r ie r  of f l i g h t  logs and CONSOL route charts of sixty- 
six trans-North Atlantic f l i g h t s  indicated that, the ranges obtained from three 
European CONSOL s ta t f  ons are a s  fsl.lowss 

NO, of Flights which took 
CONSOL Station Bearings & ~ i n e  of Position) Averages of 

Used - From Each S%a%ion Usable M a x b  Range 

a!! 2% m 
Stavanger 26 745 NM 600I~M 490NM 

Bnshmills 46 1160 mf 890 NM 240 NM 

Plonei s 28 U 5  Nhl 1260 NM 600 NM 

* Percentages r e fe r  t o  the number of f l i g h t s  which used a particular CONSOL 
station, In  other words, i n  the case of 105& factor  fo r  Stavanger, 745 nauti- 
c a l  miles was the maximum range having sat isfactory accuracy on 10$ of the 
26 f l i g h t s  which used the Sbavanges station, These percentages were taken 
from a graph; therefore the f rac t ion  of a f l i g h t  appears i n  the case of the 
1@ figures (1% x 26 = 2,6), 

The above data was a c c d a t e d  by the sixty-six f l i g h t s  over a nine-month mrioa 
i n  1953, 



ICAO Circular L ~ - A N / L ~  111 

COIISOL counts were taken and l i n e s  of position plotted on specially we- 
pared navigation route .charts by p i lo t s  a t  the i r  normai positions. Existing auto- 
matic direct ion finder and communications receiving equipnents were ut i l ized.  There 
are  cer tain refinements to exis t ing airborne equipments which w i l l  s ignif icant ly 
improve the .maxhQtn range.-of usefulness. The new automatic direct ion finder (ADF) 
equipment now under development f o r  a i r l i n e  ser-rice w i l l .  provide fur ther  improve- 
ments i n  signal-tomoise r a t i o  and a general increase i n  range and accuracy, 

*The United States  A i r  Force (1949-1951) operated an improved experimental 
model of CONSOL a t  Allaire,  New Jersey on 193 kcs, and several a i r l i n e s  partic- 
ipated i n  the f l i g h t  t e s t  program. One report  consisting of 123 readings, taken 
i n  the North Atlantic on routine scheduled f l i g h t s  under winter conditions a t  
ranges between 150 and 3005 miles, showed the following d is t r ibut ion  of errors  

39 bearings between 0 and 0.1 degrees 
69 bearings between 0 and 0.5 degrees 

101 bearings between 0 and 1 , O  degrees 
112 bearings between 0 and 1.5 degrees 
120 bearings between 0 and 1.8 degrees 

3 bearings a t  1.8, 2.1 and 2.5 degrees 

Although t h i s  is not a suf f ic ien t  number of observations to  rigorously apply 
p o b a b i l i t y  theory, the figures show tha t  95 percent of the bearings were 
accurate to  be t t e r  than 1,6 degrees and 67 percent were within 0.6 degrees or 
better. Stated i n  another way, the  system showed a standard deviation of 
0.6 degrees. 

The d is t r ibut ion  i n  distance ( i ,  e, , range ) of the above-reported values 
was: 

Number of Readinas Distance ( ~ ~ l e s  

Since the ground equipment was operated properly by competent engineers, 
and considering the p i lo t  comments with each observation, it i s  believed real-  
i s t i c  to  say tha t  t h i s  station, operating on a properly cleared frequency to  
avoid interference and u t i l i z ing  standard airborne equipment modified s l ight ly  
t o  obtain the signal-to-noise r a t i o  improvement feas ib le  i n  the CONSOL mode of 
reception, could have p o v i d d  even be t te r  over-all range and accuracy. 
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An analysis  of the w e r  land readings taken by United Air Lines during 
the period from November 1949 t o  January 1950 gives some interest ing resul ts .  
Readings were taken a t  various a l t i t udes  up t o  17,000 f e e t  and up t o  distances 
of 1520 s t a tu t e  miles over known fixes, with one reading taken a t  1650 miles 
on an a i rpo r t  with a measured e r ro r  of 34 minutes. A plo t  of the data indicates 
the d is t r ibut ion  of error  independent of distance, to  a marked degree, None of 
the f l i g h t  crews were experienced i n  the use of CONSOL and some of the data 
r e f l e c t s  t h i s  fact .  Using the t o t a l  of 212'readings did not give a good Caussian 
dis t r ibut ion,  Screening data and eliminating those t h a t  were noted on the data 
sheets by the crews a s  being doubtrul, due to noise and other interference condi- 
tions, the r e su l t an t  data imprwed but s t i l l  did not approxikZte a normal 
random dis t r ibut ion  by a factor  of two t o  one between the 95 percent and 67 per- 
cent probabili t ies,  Further screening of the data to  elimina-te , the inexperience 
of p i lo t s  by discarding the readings of two f l i g h t s  brought the da ta ' in  closer 
conformity to  the Caussian dis t r ibut ion,  The r e s u l t s  of this screening reduced 
the useful readings to 194, with the following r e s u l t s  a s  to  probability; 

95 percent readings - error  l e s s  than lo 25' 

67 percent readings - er ror  l e s s  than 0' 34' 

50 percent readings - error  l e s s  than 0' 24' 

It w i l l  be noted that  the standard deviation i s  approximately 0,6 degrees, which 
agrees reasonably well with the data taken w e r  water, The 95 percent value is  
s l igh t ly  be t t e r  than the aver water value, and is  closer t o  the probabili ty 
theory, The agreement between the measured mean and the computed mean from the 
standard deviation value is within one minute, The change i n  standard deviation 
by attempting to  compensate fo r  p i lo t  inexperience changed only ten percent, 
while the mean changed four  percent, The 95 percent value changed from 3,7 t o  
one r a t i o  with respect t o  the 67 percent value to  a 2,5 r a t io ,  For a true 
Caussian (normal random) dis t r ibut ion,  the r a t i o  i s  2,O. 

Notes on Existina CONSOL Stat ions 

There are f i v e  s ta t ions  presently i n  operation along the eas t  coast of 
U, K, / m o p e ,  a s  follows : 

Stavanger, Norway 318 kcs, 
Bushmills, Northern Ireland 266 kcs. 
Ploneis, France 257 kcs, 
Lugo, Spain 303 kcs. 
Seville, Spain 311 kcs, 

The Stavamer, Luao and Sevi l le  CONSOL s ta t ions  have one common undesirable 
character is t ic  which, par t icular ly a t  night, great ly  impairs the i r  usefulness, 
t ha t  is, they are "slow comts s ta t ions or operate on a sixty-second keying cycle 
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with a sixty-second break period between keying cycles. It is necessary when 
using CONSOL a t  night to  make three successive counts t o  check f o r  the presence 
of sky-ground wave d is tor t ion  and, i n  the case of a *slow countu s tat ion,  the 
minimum p r i o d  i n  which t h i s  can be achieved i s  f i v e  minutes, and if atmospherics 
and interference are  present, i t  may take somewhat longer. A time requirement 
of f i v e  minutes, or possibly longer, to  obtain a single l i n e  of posit ion i s  
longer than tha t  required f o r  other methods, including ce le s t i a l ,  

These three s ta t ions  a l so  suffer from interference by marine radio beacons 
and other L.F. aeronautical aids,  operating a s  they do i n  the 303, 318 kc. range. 
The other two CONSOL s ta t ions  operating on 257 and 266 kcs, a re  not so affected. 

The Stavanner, Norway CONSOL s ta t ion  has been very r e l i ab le  w i t h  regard t o  
maintaining continuous operation, and on the other hand, the two Spanish sta- 
t ions have been extremely unreliable, it being r a r e  to f ind  both s ta t ions  
operating simultaneously and occasionally both a re  off the a i r .  The Spanish 
government is reported t o  be correcting the deficiencies  of those two stations.  

The CONSOL s ta t ions  a t  Bushmills, Northern Ireland and Ploneis, France 
provide by far the most sa t i s fac tory  service of the group. They a re  " fa s t  count", 
or thirty-second keying Q c l e  s ta t ions  with Bushmills having a nearly perfect  
record from the standpoint of maintaining schedule. Ploneis has not been a s  
good i n  this respect. 

- END - 
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The following summary giaes the status, and also describes 
in general terms the contents of the various series of technical 
publications issued by the International Civil Aviation 
Organization. It does not include specialized publications 
that do not fall specijically within one of the series, such as 
the rcao Aeronautical Chart Catalogue or the Combined 
Meteorological Tables for International Air Navigation. 

INTERNATIONAL STANDARDS AND RECOM- 
MENDED PRACTICES are adopted by the Council in 
accordance with Articles 54, 37 and 90 of the Convention 
on International Civil Aviation and are designated, for 
convenience, as Annexes to the Convention. The uniform 
application by Contracting States of the specifications 
comprised in the International Standards is recognized 
as necessary for the safety or regularity of international 
air navigation while the uniform application of the speci- 
fications in the Recommended Practices is regarded as 
desirable in the interest of safety, regularity or efficiency 
of international air navigation. Knowledge of any dif- 
ferences between the national regulations or practices of 
a State and those established by an International Stand- 
ard is essential to the safety or regularity of international 
air navigation. In the event of non-compliance with an 
International Standard, a State has, in fact, an obligation, 
under Article 38 of the Convention, to notify the Council 
of any diierences. Knowledge of differences from 
Recommended Practices may also be important for the 
safety of air navigation and, although the Convention 
does not impose any obligation with regard thereto, the 
Council has invited Contracting States to notify such 
differences in addition to those relating to International 
Standards. 

PROCEDURES FOR AIR NAVIGATION SERV- 
ICES (PANS) are appmved by the Council for world- 
wide application. They comprise, for the most part, 
operating procedures regarded as not yet having attained 
a sufficient degree of maturity for adoption as Inter- 

national Standards and Recommended Practices, as well 
as material of a more permanent character which is con- 
sidered too detailed for incorporation in an Annex, or is 
susrxptible to frequent amendment, for which the pro- 
cesses of the Convention would be too cumbersome. As 
in the case of Recommended Practices, the Council has 
invited Contracting States to notify any differences be- 
tween their national practices and the PANS when the 
knowledge of such differences is important for the 
safety of air navigation. 

REGIONAL SUPPLEMENTARY PROCEDURES 
(SWPS) have a status similar to that of PANS in that they 
are approved by the Council, but only for application in 
the respective regions. They are prepared in consolidated 
form, since certain of the procedures apply to overlapping 
regions or are common to two or more regions. 

The following publications are prepared by authority 
of the Secretary General in accordance with the principles 
and policies approved by the Council. 

ICAO FIELD MANUALS have no status in them- 
selves but derive their status from the International 
Standards, Recommended Practices and PANS from 
which they are compiled. They are prepared primarily 
for the use of personnel engaged in operations in the 
field, as a service to those Contracting States who do not 
find it practicable, for various reasons, to prepare them 
for their own use. 

TECHNICAL MANUALS provide guidance and in- 
formation in amplification of the International Standards, 
Recommended Practices and PANS, the implementation 
of which they are designed to facilitate. 

ICAO CIRCULARS make available specialized in- 
formation of interest to Contracting States. 
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