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The information contained i n  t h i s  c i r cu l a r  concerns a proposed method of 
identifying LF'/Ma Elon-Directional Radio Beacons and LF/& Radio Broadcasting 
Stations by u t i l i s i n g  frequency modulation ( F ~ )  techniques f o r  conveying t h e  
iden t i ty  i n  such a manner t h a t  cer ta in  d i f f i c u l t i e s  experienced with exis t ing 
A 1  and A ~ A ~  methods of iden t i f ica t ion  are eliminated. 

The material  was submitted t o  the  Fourth Session of the  C o ~ i c a t i o n s  
Division of ICAO bg t h e  Government of France. The Division recommended t b a t  
the  material  should be disseminated t o  S t a t e s  f o r  t h e i r  information and f o r  
the  purpose of encouraging an operational evaluation of t he  proposed method 04 
ident i f icat ion.  
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CHAPTER I 

DENT IFICAT I O N  OF NON-DIRECT IONAL BEACONS 

1.1 Problem of Radio Beacon Ident i f icat ion 

HistoricaJ 

ICAO Doc 2553 - COT 26 (Section IV - paragraph 5.2) recommended tha t  
all non-directional beacons use AJA2 emission i n  order tha t  the ca r r i e r  
should never be interrupted during transmission of ident i f ica t ion  since 
ints i izpt ion of the ca r r i e r  causes the  automatic direct ion f inder  t o  d r i f t  
du r ing th  periods of interruption, par t icular ly i n  cases of interference. % (with an 1 system, the  ADF tends t o  align i t s e l f  with the  azimuth of the  
interfering s t a t ion  during the  keying p r i o d s o )  

I n  accordance with these provisions, during 1948 a cer tain number of 
beacons equipped with modulators (mainly American transmitters) were s e t  up 
dn A d A 2  i n  the  European and African Region by the  French authorities. It 
was not long before complaints were received from a i r l ines  (TAI) , par t icu lar ly  
those operating over the  Sahara areao In  e f fec t ,  the A ~ / A 2  system advocated 
"by ICAO has cer ta in  disadvantages. These are as follows: 

a) Considerable bandwidth required (2  t o  3 kc/s). The Ao/A2 
system transmit ters  which are  provided i n  t h i s  instance u t i l i z e  grid 
modulation only, which does not modulate the  car r ie r  suficiently. 
Sat isfactory Ao/A2 operation requfres a depth of modulation corre- 
sponding t o  a t  l e a s t  80%, 



b) It is d i f f i cu l t  t o  read the identification signal awing 
to the insufficient depth of modulation a t  long distances a d  when 
there is  fiterference, This is  very inconvenient when long 
beacons arre used for  short distance navigation with an ADF, as  
well as  for  Eong d%stanm navigation with m n a l  DP. 

e) 'fhe addition of a madulator capable of providing sufficient 
depth practically doubles the eost of the e q u i p n t  and the power 
requirements of a beacon of given rangso This i s  out of the question 
for  radio beacons which are t o  be operated in desert areaso 

For l o w  pomp beaeons and marker beaeons the complexity and inereass 
i n  operating costs of && system eqnipent  i s  also a factor for  considers- 
tione 

Following these comments whibh were presented bg France to the ICAO 
preparatory Meeting on the 1?TP Geneva Plan which eagle fnto force on 
15 March 1950, it was aocepted that medium and long range beacons in the 
EUMED Region would continue t o  operate on Ale Momowr dnnex 10 o m  provides 
a S t a n d 4  regarding &/A2 type emission fo r  Ir>catarso 

!herefore it appears that, as no filly satisfactory solution b e  yet 
been adopted, the problem of radio beacon identifieation s t i l l  exists. 

It i s  w.11 hvn that, for "en-routen navigation, Broadcasting Stations 
are often used as beacons %n eonJunetion with an BDFo However, t h i s  nrsthod, 
although very interesting, is not t o  be recolmneladgd in the present circmh 
stances, owiag to the difficulty involved i n  identffication of these stations. 

During the last war, the Germens used t o  interrupt thei r  broadcasts 
to transmit identification signalso 

h 194l the American authorities on thei r  side investigated a more 
discrete method of identificationo This research, interrupted by the war, 
was reamed i n  1946, and in l9@ the drmeriesrn wAWON~UTICAL RADIO INCn 
tested a method involving modification of the ADF quipmento (k Chapter v.) 



'We Broadeasting carrier  wave was modulated at  a mrg low frequency 
(46 a/tj d at a very lav percentage ( 5 $ ) ,  Uhen received, the 40 ds. 
signal operated a 1OOO c/s.oscillatoro A s  a resul t  of complaints f m m  
l isteners it became necessary to reduce the percentage of 5% to 3ge with 
that, the device ceased t o  be of any value as tBe Identification could 
a d y  be received over short distances and the principle w a s  abaadortsde 

bt  appears today that a solution can be adopted, whieh solves both the 
problem of beaeon identification without interrupting the carrier  and that of 
ideatifieation of broadcasting stationso 'Phis i s  frequency shift modulation 
or  II .OdnL.tion. 

!&is system consists i n  shifting the frequency of the radiated carrier  
a w t  one lnmared cycles at the fdentification kefing rate. (&g Chapter 11.) 

SPbe advantages of this type of modulation are a s  followst 

a)  mduced frequency spectrum space required; 

b) no interruption of the carrier  during identification 
ke-Jring3 

e) possibility of t r e rnd t t i ng  a signal inaudible t o  
Broadcast l i s teners  but which can be used by navigators fo r  Men- 
t i f  ication purposes * 

If such a method of identifieation eould be applied t o  all h p e a n  
stations with an exelusive frequency, then it would be- possible to ensure 
ihU. coverage by powe-1 mn-dfreetional beacons suitable fo r  en-route 
navigationo The aerodrome beacons could then be reduced in power so as  to 
yield a range of 50 nms for f i na l  hominge This system i s  particularly 
valuable in view of the complete deadlock we are facing in the EWED Region 
with regard t o  the IFm part  of the radio frequency spectrum* 
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Nevertheless there i s  a serious obstacle t o  the inmediate application 
of this system on an international basis; most ADF receivers are eqapped 
wi%h a heterntone device fo r  meaption of Itl, consequently reception sf 
Fl ~lgaals i s  not possible. 

Bowever, certain airlines, and A i r  France in particahr, ham envisaged, 
fo r  other reasons, the addition of a BFO k, f h  ADP, whioh peml t s  5 
t i oa  to be reeeivedo 

Furthermore, the latest American Bendix ARt?6 and RCA AVB21 automatie 
direatfon finders are equipped w i t h  a BFO on the antenna d DD positionse 

'fherefore it appears tha t  a recommendation to IpodiPy ADF e q u i p n t  warxld 
not give r i s e  t o  serious objections* 

In any oak ,  o m  cannot marpare the minor na* of the proposed di- 
ficatiom ( d d i t i o n  of a S O  costing about 20,000 *arms) w i t h  that involved 
i n  the adoption of the equipment described by thta American m C ,  had it been 
adopted, 



CHAPTER I1 

STUDY OF AN MF FREQUENCY SHIFT MASTER OSCIUATOR,  
FOR F1 RADIO BEACON IDENTIFICATION 

Standard crvstal.  o s c i l l a t o r  with freuuencv s h i r t  

I n  t h e  o s c i l l a t o r  schematic diagram i n  Fig. 1, it can be seen t h a t  t h e  
frequency of osc i l l a t i on  of c r y s t a l  Q is a function of t h e  value C of capaci- 
t i e s  C V 1  and CV2. 
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The mrw F = f(e) i n  Ffgb 2, expresses the law governing; this ire- 
queneg shi f t*  

Seetors indicating limits& 
I greauencs sh i f t  

The curve F = f (e) 
fo r  a 396 kc/s, crystal  
is given is Fig, 8 

Values for  capacities Clll a& W p  are generally chosen ia such a way 
tha t  the unit f s operated at  a frequency eorre sponding to  pofit A e  Thus9 fi 
view of the s tab i l i ty  of th f s  segment of the curve, spurious variations in 
capacities w i l l  not result in frequency variationsb 

0 

Furthermore, point A i s  sufficiently far away from the l$mi%ing sectdrs 
to ensure s t ab i l$ ty~  

P C  
Ctrrve F = f (c) 

Therefore, it may be seen from the mme, that in order t o  obtain any 
desired modalation F1, one need o e  switch a eapaeity in parallel w i t h  
CV1 and CP2) at the keying rate. 

Fig, 2 

An elementary mthd of doing this would be to d t c h  a eapasity 5.n 
par i l l e l  with the e ~ s ~ l ,  ei ther  mu, o r  by mans of an slss%ro-aaptfc 
relay. The Patter, of eowse, would be the neater methodo 

The point of oprat ion,  corresponding to the steady frequency, v f l l  
then be heated a t  A, i n  the stable portion of the curve fn Fige  2, witlh 
frequency erhift t o  the higher frequency values (point B) 
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The frequency shift thus obtained is  relatively smallo A 400 kc/s. 
crystal, fo r  instance, could not shift fn fiequency much more than 
100 c/s , without ceasing t o  osci l lateo 

A variation i n  capacities CV1 and CV2 also produces a variation i n  the 
p r fommce  of the arystal. Ihe lav governing t h i s  variation, I = 9 (c), i s  
shown in Fig 3 0 

Sectors indieatinn o s c i l l a t i n ~  l imits  

Crystal 
performance 

The e w e  I = (c) 
for a 396 kc/s arysta l  
is given in Figo 9 

i 
Fig. 3 

Thfs variation i n  the performanee of %he crystal would, in ttmn, bring 
about an amplitude variationo Thns, variations of capacities CV and CV2 
would produce simrtltaneously both fmquenq and ampUtzrde modula % ions* 

Since the object i s  to pratuee frequency modulations alo-, the ~aastes 
oscil lator  must be followed by a clipping s%ageo 



The dfagram in Figo 4 f l lus t ra tes  a s h p l e  systemo 

When grid GI of the pentode f s  not at  a large negative potential, anode 
enrrctnt wf3.l flaw across the interval  CDe If grid fa  at  a sufficient 
negative potential, this current w i l l  not flow* 

2 04 Electmnie swftehinn wbfeh w i l l  oause a ireawn- sh i f s  
5x1 the oscillator 

!be schematic diagram of the system is  given i n  Figo So 

Capaoity % is  large compared t o  capaaities C and %. This mans that 
when ereh 61@ tube i s  mnd.ctive, capacities C8 fo r  high frequencies, 
are i n  paral lel  with CV and W2, and the master ose tor frequency f a  
shifting within the d t s  M i e a t e d  in paragraph 2.1. 

Coupling with the buffer stage is W, i n  order to ensure proper 
isolation i n  the mastar osciI lator  e M t s  ( c ~  = 25 $) . 



Capacity C acts as an integrator, whbh avoids blacking of tb 
oscillator tube ~~ transition intervals. I t  has been calculated in  
such s manner as to ensare a low tfme oonstant, for diode blocking and 
'lurblooking, and to provide abrupt switchfngo If this were not dons, 
capacities C8 and % wodd progressively enter into the circuit, and 
would result in a progressive variation i n  the master oscillator f'mqwncy 
which, in tam, w d  result in a wWw sound when receiving identffieation 
keying. 
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'Phe e i w t  diagram is given i n  Fig* 60 

A pentode, (W5) (unbiased), Functione s ta t ica l ly  a t  the grid current 
limit. 

Dynamically, the grid current causes a potential to appear across the 
resistance RIZ, which is  a ftmction of the signal apaplitude . 

In  th i s  manner, a voltage appearing in the anode c i rcu i t  is regulatedo 
(b - i n  Fig, 100) 

The distort ion which results  from.clipping i s  not troublesome, since 
f i l t e r ing  of ob jeetionable harmonics is  achieved through the pmeenm, in 
anode circuit,  of a transformer whose c i rcui ts  w e  t d  to the basic 
quency, 

CoupXing of the lam tuned circuits  is relatively tight,  a& the 
voltage a t  f n q u e n q  F + 103 c/s. suffers negligible attenuation, when 
compared to  the voltage at  frequency FO 

Thus, the voltage emerging fYom th i s  stage has a constant amplitude 
free of distortion. 

preamplifier 



2.6 Main dia,mam - h~~~ac la ture  and voltages ~a use 

The main diagram appears in Pig. 7. 

The characteristics of the components used are givpn in  the following 
table. 
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Paris, 1st February 1951 
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2 
2 

1 

1 

Approved by: Ing6nieur 
General, Dhcte trr  du 
Service de la Navigation 
Be'rienne, 

Signed: P. Grenier 

Ihbs 

&54 

C;aU) 
m5 ) 

a 5  

6Agg 

Prepared a d  presented by: 
G. C h m t  

Ing. T* T* A. 

Function 

h a t e r  a scillator 

Electronic relay 

Buffer 

Idmiter 
- 
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LEGEND - LEGENDE - CLAVE 
V1 654 Oscillator 

Oscillatrice 
Osciladora 

V2 6&5 Electronic relay 
Relais Qlectronique 
Relevador electrdnico 

V3 6AK5 Electronic relay 
Relais Blectronique 
Relevador electr6nico 

H.F. OUTPUT VOLTAGE AT NO LOAD: 50 volts V4 6AK5 Electronic relay 
TENSION H.F. DE SORTIE A VIDE: 50 volts Relais Qlectronique 
TENSION H.F. DE SALIDA EN VACIO: 50 voltios Relevador electr6nico 

V5 6AK5 Buffer 
H.F. OUTPUT VOLTAGE WITH LOAD (1): 11 volts Sparatrice 
TENSION H.F. DE SORTIE EN CHARGE (1): 11 volts Separadora 
TENSION H.F. DE SALIDA EN CARGA (1): 11 voltios v6 6AK5 Limiter 

Limiteuse 
Limitadora 

(1) The load consists of one triode 6V6 tube 
La charge est constituke par une 6V6 montQe en triode 
Za carga est.4 constituida por una 6V6 montada como triodo 

J 

Fig.7. - SCHEMATIC CIRCUIT DIAGRAM 
S C m  DE PRINCIPE 
ESQUEMA DE PRINCIPIO 
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osci l la te  
P R E C I S I O N  DE LECTURE DE FREQUEXCE: 

100 200 300 400 
Fig. 8.- FREQUENCY S H I F T  AS A FUNCTION O F  TEE VAP.1ATION O F  C A P A C I T I E S  CV1-CV2 

VARIATION DE FREQUENCE EX FONCTION DE L A  VARIATION D E S  CAPACITES CV1-CV2 

VARIACION DE F F J C U E N C I A  RJ FUNCION DE LA Vgi l IACION DE LAS CAPACIDADES CVl-CV2 



Fig. 9.- CRYSTAL PETPOFlMANCE VARIATION AS A FUNCTION OF CAPACITIES CV1-CV2 

VARIATION DE L'ACTIVITE IXI QUARTZ W FONCTION DES CAPACITES CV1- CV;! 

VARIACION DE LA ACTIVIDAD DEL C U M 0  EN FUNCION DE LAS CAPACIDADES CV1-CV2 



1 2 3 4 5- 
Pig. 10.- LIMI'ITR STAGE REGULATION CURVE 

COURBE DE REGULATION DE L'ETAGE LIMITELTR 
CURVA DE REGULACION DE LA ETAPA LIMITADORA 



CHAPTER I11 

RECEPTION TECHNIQUES FOR Fi WAVES 

3 e l  F1mdulation or modulation by carrier frequency shift i s  
om audible if the receiver i s  fitted with a BFO  e eat Fnqnewrg ~ s c i l k t o r ) .  
In th is  case, the frequency tone f obtained after beating is  a htn6tioI3 
of the frequency F of the carrier. 

Recwtion of Al waws w i t h  a BFO 

F f after beating 

/ / (1000 c/s.) 
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3 02 The so-called nhetemtone" device, the principle of whieh 
is  to  amplitude modulate a t  low frequency (800 @ I s )  the continuous wave trains 
produced from the A1 modulation, as indicated i n  Figo 2, does not enable the 
F1modnlatfon to be heard, since after detection no trace remains of the F 
frequency waves o 

Reception with heterotone 

'MM 
800 c/s. af te r  detection 

800 e/s, af ter  action of the heterotone 

3 03 Readine of the keyed si-4 

It i s  neeessay to read the keyed identification signal by tone differ- 
ence* The frequency of the tone receiged i s  a function of the tuning of the 
input circuit . 

I n  order to fac i l i t a te  reading o r  mre esrreat ly t o  avoid reading the 
counteackeying, the settfig should be adjusted as follows: 

- Ensure that  one is on the r ight  side of the beat, aaonely, 
that  the identifieation tone i s  of higher frequency than the mean 
tom. 

- This done, tune the input c i rcui t  un t i l  the higher tone i s  
mre easily audible than the lower tone Ob.Biously the tuning w i l l  
vary with the operator, einm each ear  is mom sensitive to  a part$* 
ulru: tom. 



If correctly adjusted, it should be more plsapant to l isten to the 
Fl signals than to the A1 signals, since as the carrier is  not interrupted, 
reception of static during the identification i s  avoided. 

The attention of operators i s  drawn to the advantages of adopting 
t h i s  keying s y s b m e .  

a) All the advantages of (range, e b . )  with non-interruption 
of the carrier0 

b) Use in the h t u r e  of Broadcasting Stations as rad io  _baaeonso 
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!i'FSTS OF THE F1 IDENTIFICATION WETHOD 

401 Notice t o  Ahmen 

I n  order t o  t e s t  the method, a non-directional beacon with F1 identifica- 
t ion was installed at Le Bourgeto 

To permit a i rc ra f t  with ADFts not equipped with a BFO to use the beacon 
during the testing period, provision was made for  alternate keying on & and F1. 

On 4 February the following ElOTAM was issued8 

LE BOURGET M O N - D ~ T I O W A L  B M O N  ~ f i l  EMISSION 

From 6 Febmxarp 1951, Le Bourget non-directional beacon will trans- 
m i t ,  f o r  t e s t  pwpoSess alternated ~ l k l  identification signals. The 
operating cycle w i l l  be as follows8 

1 )  Identification signal FNB5, transmitted on A 1  every 
263 seconds (complete h terrupt ion of the 396 kc/s. carr ier  wave); 

2 )  Series of 3 FNB identification signals transmitted on 
F l  continuously during the interval. Frequencyr 396.1 kc/s, 
h q u e n e y  shift keyfngo about 100 cycles, 

Interval and i ntersign frequency: 396 kc/s. 
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The attention of airmen is drawn t o  the following8 

a)  The identification signal transmitted on A 1  is the only 
one audible on receivers provided with a heterotone devbce. (The 
signals of th i s  beacon appear unchanged as  ( ~ 1 )  ), 

b) The identification signals transmitted on A 1  and F1 w i l l  
be audible on receivers f i t t ed  with a suitable beat frequency 
oscil lator  (BFO) . 

4.2 f t e~or t s  from a i r  crew 

From the comments made it appears that the method advocated is entirely 
feasible, 

The main criticism expressed was that  a t  long distances F1 identification 
was less  audible than 85, identification. However the (long distance' referred 
t o  by air  crew on the occasion of the t es t s  exceeded 80 lans. Som observations 
were also made a t  a distance of 180 kms (~orbigqp), whereas the beacon only had 
a power of 4.0 W (required range 60 kms). 

On the other hand, while the identification signal is less  audible on 
F1 than on Ax, the ADF operates better during F1 keying owing to the f ac t  
that during A 1  keying the carrier  is interrupted. 

4.3 F U h t  tests conducted trv the French Authorities 

On 15 and 16 February 1951 a representative of the Service de la Naviga- 
t ion Adrienne participated i n  f l i gh t  t es t s  aarpfed out by Air France a i rc ra f t  
FBATQ. 

The results  obtained can be summarfwd as  followas 

Observation made a t  Compiagne (60 kms from Paris) o 

a)  Keying entirely audible on the antenna posftfon; 

b) ADF operation perfectly f n order (100 Swing) during F1 
keying. During A3, keying ADF indications were distorted due to 
interference from the O D  (Brussels) beacon, range 100 mileso 
operating on 395 kc/s, 

Conclusion 

The t e s t s  proved satisfactory and confirmed the conclusions of Bir France 
air crew. 



SllMtQUE OF WORTS W E  BY AIR FWCE RADIO OPERATORS 

LISTWING TO BEACON FNB5 

DATE 

9/2 

1012 

10/2 

11/2 

1112 

ROUTE 

psJfX) 

P S ~ E  

PSJfX) 

P S ~  

PS/IL) 

AIRCRAFT 
REGISTRATION 

MARK 

FBA!l'T 

FBATV 

FBCUlJ 

FBATX 

FBCUP 

- 

RADIO OPEMTOR~S REPOW 

New FM35 %dentifica%ion %a only 
readable a t  short distance, 

FNB58 two possible bearings a t  
b8O0@ on the runway,, 

In f l i g h t  a t  10 lawo 300 vmi* 
t ion  between FaB5 and FNB. 

FEEl5 t iden$jffcation FNB5 
readable OK but not a s  strong 
as FNB, If badly tuned FEW 
counbr  h y i n g  is heard, 

Beacon FNB58 a% 2 2 3 0  hrse the  
madabil i ty  of frequency shift 
keying s-s leaves much t o  be 
d s s W ,  the comparison is advan- 
tageous to the old system of 
keyfng, 

1, FNBS is read more easi ly on 
A 1  than on Fa. 

CObMENTS 

Short distances vague 
termo 

The variat ion i n  bearing 
between FNB5 and FNB i s 
due t o  the  f a c t  tha t  f o r  
FNB5 (on Ax) the ca r r i e r  
3 s  interrupted during 
fdentif icat ion tranam%s- 
sion, Therefore all 
readfngs taken a t  that 
moment are doubtful, 

Ix$ol.~iation l acung  i n  
precision, 
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2, Readability on F 1  does not re- 
main good up t o  the limiting 
range, 

3. Uder  QRM better madabilf t y  
on A1 than on 8'1. 

FNB5 396 kc/s8 using IbDF (antenna) 

4 

C-S 

What is meant by l i m i t -  
ing range? 

' 

Information precise a d  
usefulo 
Results satisfactory, 

Information lacking in 
preoisiom; What is 
meant by long distance? 

Information pree%se, 

Results satisfactory, 

Information precise, 
Corbigw is 180 b s  from 
Le Bourget, Results 
satisfactory, 

QTH C o r b A ~  - 1 o n l m P 8  both keyings.Ok; 

F B A n  

3BCUN 

FBCUP 

on 800 c s s  frequency shift 
keq~f we 

N51 - comtiauous dash, 
Ax keying8 OK, 

A t  long distance FNB5 far 
stronger than ENB, 

Bearigge may be taken on FNB5 a t  
180 kms using manual ~ / k r  clear  
.60° swing. 

A t  150 lans BDF wistable lQO to 
20° swing ( a t  times 9001, 

FNB5 Adentifieation QSA 4 at  
180 k m  FlQB identification QSA 2 
a t  180 lans, A t  60/80 k m  identi- 
f icat ion stable. 

Le Bourget beacon FIE35 and FNB re- 
ceived at  Corbigny, 
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audible a t  m d  range but 
bearings flufd (taken a t  n i  
return from Iondon). 

FMB5 396 kc/s. bearings d i f  f i cu l t  

Bearings taken from Le Boepfget Infopnrcstion preeglae, 
beacon vfdh ADF while reeeivimg k i n g  hi8 t e s t  A 1  keying 
the FNB itdentiffcation signal was interruptede 
satfefactorflys 50 be 

Results satisfeetaryo 

(squally weather not very suit- 
able for  tes ts ) .  

14 Readability F1 2/5-~1-5/5* %milts satisfactory. 

2, Readability F1 2/5 at 80 kars 
and 3/5 very approximately, 
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FKB diffieuPt to fdentfw a t  
U,00 hrs. 1 think that a t  
night identification will be 
dif'ficuJt outside a radfua of' 
50 hs. 

I 

COMMENTS 

A t  13.00 hps. the af r- 
craft waa at  Corbigny 
(180 kms). Results 
satisfactoz=y, 
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CHAPTER V 

BROADCAST STATION IDENTIFW 

BERrnArnICAL W I O ,  me* 
ll08 16th Street, N,W, 

WASHINGTOH D,C, 

Informati on 
Letter No, 396 

Refer to F i le  
No, 03&0&00 

To: SUPERIISTEEIDmTS OF CWUI!?ICATIONS 

Subject: Broadcast Station Identif ier  

Early i n  1946, ARINC re-activated the project f o r  furnishing suitable 
equipent  t o  provide frequent identification of broadcast stations i n  order 
t o  use these statiolns as an nen routen navigational aid, TNs project had 
been started i n  191pl, but discontimed during the war, The purpose of the 
project was t o  develop equipment fo r  use i n  the aircraft i n  coqunction with 
ADF receiving equipment whfch w o a  plrcwide the p f l o t  with a coitinwus 
identification of the broadeast station, Obviously, the transmission of the 
code identification must be such as not to be heard by the broadcast listener, 

The transmission of the stat ion c a l l  l e t t e r s  was accomplished by the 
use of a code signal of low audio frequency (40 cycles) arad low modulation 
percentage, An airborne unit was developed which operated from the 40 cycles 
keyed signal of the broadcast s tat ion and, i n  turn, keyed a local 2000 cycle 
tone, When properly connected t o  the ADF receiver, the pi lo t  would hear the 
c a l l  l e t t e r s  of the stat ion to whfch he was tuned, 



It was originally planned t o  modulate the broadcast s tat ion 5 per cent 
with the cycles keyed signal, Tests showed that  even a t  this l o w  per- 
centage of modulation, the 40 cycles lane was detectable i n  the broadcast, 
Complaints from l isteners made P t  necessary t o  reduce the percentage of 
modht ion  t o  3 psr cent i n  order t o  avoid interference with the program 
transmission, 

Tests of this method of broadcast s tat ion identification revealed that  
it was quite feasible; but that  i f  it were necessary t o  reduce the percentage 
of modulation of the keyed signal to  as low as  4 per cent, operation of the 
device at any great distance would be marginal, Sime the use of broadcast 
stations with th i s  device was being considered f o r  "en routen navigation, the 
reduction of the distance over which the ident i f ier  was useful defeated its 
purpose, It was fo r  t h i s  reason that  ARIHC recommended that  the project be 
dropped. 

It is understood tha t  broadcast stations with continuous identification 
are being considered f o r  use i n  let-down procedures, It appears that  fo r  this 
-pose where only a limited range is necessarg satisfactory operation may be 
obtained with low modulatipn levels, AFUNC has on hand two convertor units 
which were used i n  the original t e s t s  which are available to aDyone interested 
i n  conducting t e s t s  for  thei r  own purpose. Circuit diagrams may be obtained 
upon request. 

Obviouslyo a low percentage of modulation of the keyed signal required 
so as not Px, interfere with the broadcast s tat ion program w i l l  l imi t  the 
distance a t  which the sqation ident i f ier  nay be beqd, This, of course, w i l l  
neither %Fmnit nor interfere wtth the distance a t  yhieh the same stat ion may be 
used for  ADF operation, without continuous identificatione 

It is  our opinion that  such an arrangement fo r  use i n  let-down procedures 
i s  feasible prwidqd i t s  use is restr icted to an area close to the station, 
probably within the 50 mfcravoPt contour line, However, it is f e l t  that  this 
should not be considered as a general ~ystem but rather a s  a local  expedient, 
since s u c c e s s f ~  operation is dependent on maw factors of a particular 
s ituataon, 
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