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FOREWORD 

The Council of ICAO considers tha t  i n  the f i e l d  of non-visual aids lx 
f i n a l  approach and landing, a promising l i n e  of development l i e s  i n  the field 
of microwave techniques and recornmends tha t  investigation dong t h i s  l ine  and 
along other promising l i n e s  of developent i n  t h i s  f i e l d  be pursued i n  order 
t o  produce a complete landing systea aatiefying the functional requirements t o  
a greater extent than the I C A O  S e d  I n ~ t r u ~ l e n t  Landing System, 

The material contained herein records the wo~k tha t  has been done in 
France on a landing system e~ploying decimetric waves (UHF) and providing on 
er c-on ca r r i e r  loeal izer  and glide path guidance and distance information,, 

Ths material was submitted t o  the Fourth Session of the Commnicatione 
Diriaion by the Govermnent of France. The Division recommended t h a t  the 
inf'orraation ehould be disseminated to  Statee i n  order t o  acquaint than with 
the ,technical features of the  system and the experimental work t h a t  has been 
done. 
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Generally speaking, the specifications have been drawn up with the 
intent  of clearly outlining a landing system which would overcome the technical 
and operational inadequacies of the ILS system, particularly with regard t o  
the glide path terrain clearance aspect, 

A s  regards the selection of frequencies, it i s  considered that  the 
system w i l l  require: 

a )  that  forty frequencies be available for  emission from the 
ground equipment (common frequencies fo r  course, elevation and distance ) , 
i n  l ine  with the number of frequencies assigned for  the ILS i n  Annex 10, 
although that  number i s  i n  excess of operational requirements; 

b) that  these fo r ty  frequencies be assigned i n  a band adjacent t o  
the DME reply band specified in  ICAO Annex 10, In case it is  decided 
that  the "final appoach t o  landingn function need no longer be retained 
i n  the DE4E, the band of for ty  frequencies envisaged for  the future 
landing system should be shlfted to  bring it closer to  the fourth reply 
frequency i n  the DME; 

c) that  the interrogation frequencies i n  the band reserved for 
the distance measuring function be inserted between the frequency assign- 
ments specified for  the DME, i n  IGAO Annex 10, 

I n  view of the di rect iv i ty  andsmallcoverage of the proposed landing 
system, as well as the different  pulse cha.racteristics used, it i s  evident 
that by meeting the above-mentioned requirements, there w i l l  be no mutual 
interference between the DEiE system and the measuring equipment associated 
with the system0 

Neither does i* appear that  there w i l l  be any disadvantage i n  having 
the interrogation frequencies of $he system coincide with those of the DME, 

Nfne or ten frequencies appear ta be sufficient  for operational require- 
ments. 
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Components 

Coverage 

CHAPTER I 

SUMMARY OF THE CHARACTERISTICS AND PERF'GRMANCE 
OF THE EXPERIMENTAL EQUIPMENT AS' 23 

Carr ier .  frequency 

Type of transmitter 

Peak antenna power 

UHP transmitter tubes 

Transmitter antennas 

Ground Esui~ment - 
1 transmitter housed in  a t r a i l e r  
3 antennas (2  fo r  the local izer  and 1 

fo r  the glide path) 

Airborne Esuiment 

1 receiver 
1 indicator (2 i f  required) 
1 control box 
1 converter ( i f  required) 

40 km over a 60° sector centred on the 
landing path and between 0.75 and 7O i n  
elevation. 

Pulse, master osc i l la tor  amplifier 

200 watts 

Master oski l la tor :  K .773)velocity 
Amplifier: AK.774 )modulated 

) tubes 

Parabolic ref lectors  fed by coaxial 
cable. 

Angular deviations producing f u l l  Localizer: 2,5Oon each side of the path 
scale deflection of the indicator Glide path: G . 7 5 O  on each side of the 
needle. path. 



Descent pa* angle 2,50 
(adjustabler between 2.250 and 3 O )  

Input parer AG single phase* 6 kilowatts 
220 or 380 volts 
50 else 

Cross-pofnter imtrument or cathode- 
ray tubeo 

BeceSver antenna 3 halfiiraw elements (In phase) 

Receiver paes band l e 5  megqeles a t  3 deafbe3.s doma 

Airborne power supply 110 volt bCL400 e/s 125 watt s 

24 t o f t  BG 160 watts8 

sit* Localizer antennas 400 m frcm the approach 
end of the ntnsay t m d s  the stop endb 

The l o e a l i z e ~  antennas are located sylrp 
metricdly on e%ther sfde of the runolay, 
60 m tram .the eentre lime 

The glide path wcheesew antenna fs muunted 
on %be tra%ler which also supports one of 
the looalf zer antennaso 
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The purpose of the instrunent landing system developed by the Compagnie 
G6nBrale de Thlbgraphie sans F i l  i s  t o  provide guidance t o  an a i r c r a f t  on 
final approach and landing, irrespective of weather conditions, giving the  
p i l o t  d i rec t ,  visual indications without any radiotelegraph or radiotelephone 
contact with the ground. 

The system uses direct ional  radiation patterns, the intersection of which 
determines a single fixed l i n e  i n  spqce hown as the "landing patht1. An indi- 
cator in  the  cockpit provides oontinuous visual indication t o  the p i lo t  of the 
a i r c r a f t ' s  position with reference t o  t h i s  "pathI1, 

The carr ier  frequency of 1300 MC/S. (approximately), has been chosen as 
UEF signals of t h i s  order a re  not adversely affected by atmospheric conditions 
(heavy rain,  thick fog, etc,) and t o  permit the use of r e l a t ive ly  small antennas. 

Pulses a re  radiated successively along four lobes, the intersection of 
these lobes, i n  pairs ,  define the "localizer planell and the "glide pathv plane, 

The f i r s t  two lobes determining the vert ical  local izer  plane are obtained 
by means of two parabdlic ref lector  antennas located on both sides of the rm2- 
way, symmetrical about the centre l ine ,  

The other two lobes determining the glide path plane a r e  obtained by means 
of a single parabolic "cheeselI antenna comprising two exci ters  close t o  the 
focal  point, 

The duration of the  pulses i s  approximately 1/60 second, They a re  
radiated along the four lobes i n  the following order: l e f t  ( local izer) ,  lower 
(glide path), r igh t  ( local izer  ) , upper (glide path). The time interval  between 
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successive pulses i s  approximately 1/360 second, A greater time in terva l  of 
the order of 1/40 second i s  provided a t  the end of the cycle of four local izer  
and glide path pulses, which t$ll subsequently permit having on board the air-  
c r a f t  a continuous indication of the distance between the aeroplane and the 
optimum point of contact on the runway. 

The radiation is  cut in to  successive pulses by means of a d is t r ibutor  
rotat ing a t  approximately 600 r o p.md This d is t r ibutor  comprises a rotat ing 
cavity tuned t o  the ca r r i e r  frequency and which radiates  through a s l o t  passing 
i n  front of four wave guides mounted concentrically t o  the ax i s  o f  rotstion. 
The duration of the passage of the s l o t  i n  front  sf each guide determines the 
duration of the emitted pulse, Each wave guide i s  connected t o  the proper 
antenna so a s  t o  maintain the pulse sequence indicated aboveo 

The radiation i s  cut in to  rectangular pulses a t  a modulation frequency of 
20 kc/s, fo r  the runway antenna producing the lefthand ( local izer)  lobe, 24 kc/s. 
fo r  the t r a i l e r  antenna producing the righthand ( local izer)  lobe, 30 kc/s. for  
the upper (glide path) lobe and 34 kc/s, for  the lower (glide path) lobeo The modu- 
l a t i o n  frequencies a re  supplied by a n~odulator providing four s icusoidd frequen- 
c i e s  a t  20, 24, 30, and 34 kc/so The voltages a re  applied t o  a capacitive 

t 

switch mounted on the same shaf t  driving the rotat ing dis t r ibutor ,  thereby pro- 
viding the specif ic  modulation frequency for  each antenna, The voltages from 
the capacitive switch return t o  the modulator, where they are  clipped and sent, 
through a modulation transformer, t o  the grid of the transmitter power tubeo 

Figures 1 and 2 i l l u s t r a t e  the shape and orientat ion of the loea l iaer  
lobes. Figure 3 i l l u s t r a t e s  the shape of the glfde path lobes and the slope of 
t h e i r  axes i n  re la t ion  t o  the ground, It w i l l  be noted tha t  the loca l izer  lobes 
and the upper gl ide path lobe present a bulge produced by an additional exc i te r  
located near the focal points of the parabolic antennas, The object of these 
bulges i s  t o  increase the horizontal and ve r t i ca l  coverage of the system, 
Figure 4 shows the block diagram of the transmittero 

The airborne equipment com~rises;  

- a receiver which may be located anywhere i n  the a i r c ra f t ;  

- an indicator located on the instrument panel; 

- a control box of very small dimensions located within reach 
of the p i l o t  and, i f  necessary, a converter providing 110 vol t s  Ab a t  
400 cycles per sec,, in case the a i r c r a f t  generating system does not 
supply this.  
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Either a cathode-ray tube or  a cross-pointer indicator may be usedo An 
additional indicator f o r  the co-pilot may also be instal ledo The indicator, 
whether a cathode-ray tube o r  a cross-pointer meter, comprises two fixed rec- 
tangular reference axes, and the i r  point of intersection gives the position of 
the a i r c r a f t  in spaceo 

On the cathode-ray indicator, t he  position of the l i g h t  spot f ixes the 
position of the glide path, i n  such a way tha t  the p i l o t  must bear l e f t  when 
the spot i s  to the l e f t  of the ver t ica l  reference axis  and inversely must bear 
r ight  when the spot i s  t o  the r igh t  o f t h e  reference axis* If the l i g h t  spot 
i s  above the horizontal reference axis, the p i l o t  i s  aware tha t  h i s  aeroplane 
is below the path and must climb, and inversely i f  the spot i s  below the axis, 
the aeroplane is above the path and must lose height more rapidlyo 

On the cross-pointer indicator, the intersection of the pointers regis te rs  
the position of the glide patho A s  in the previous case, the p i lo t  must take 
action t o  keep h i s  visual reference mark (intersection of the pointers) i n  the 
centre circle ,  where the reference axes intersecto 

The airborne equipment includes a receiving antenna made up of three half- 
wave elements, and moulded in to  the plexiglass of a streamlined housing fixed 
above the pi lotgs cockpit. 

The pract ical  coverage of the Mark I experimental equipment i s  40 Km over 
two sectors of 300 centred on the landing path and between two elevation planes 
inclined a t  0 ~ 7 5 ~  and 7' above the horizontal, respectively. On the glide path 
the coverage i s  100 I[m over two sectors of 150 on each side of the landing patho 
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DESCRIPTION OF T Z  EllPERIMWTdL EQUIFMENT 

1.- GROUND EQUIPMWT 

The essential elements of the grolvld equipent  are  a transmitter uni t  
installed i n  a t ra i l e r ,  3 transmitting antennas and a rigid dielectr ic  feeder 
having an outer diameter of approximately 80 mrm, which may be dismantled into 
3020 m lengths f o r  transport. 

One of the localizer antennas and the glide-path "cheesew antenna are  
attached t o  the trailer; the second loealizetr antenna, located symmetrically 
t o  the transmitter about the runway cenbe  line, is transported separately* 
The ground equipiaent is i l lus t ra ted in Figures 8 and 90 

A TRANSMITTER 

The dimensions of the transmitfez- unit ares 

length Oe..O.*oe 9.15 m 
depth . o . . . o e o e o  0065 m 
height ....o.e., 1.70 rn 

The transmitter uti1iz:es m single carrier  frequency of 1300 M C / S ~  The 
radiation is cut into r e c t a n m m  pulses having an approxhate duration of 
1/60 see, modulated a t  20, 24, 30 or 34 kc/s.,according to  the antenna t o  be 
fed. 

The basic components ares 

- A master oscillator velocity modulation tube (type K o  773> 
2-cavity CSF klystron), capable of providing an effective power 
of approximately 50 watts for  driving the power stage. This tube is 
water-cooled. 



- An amplifier velocity modulation tube (type AKr 7949 2-cavity 
CSF klystron), capable of prwiding an effective power of approxfmately 
200 watts. This tube is also water-cooled. 

- A precision cavfty wavemeter, providing a measurement of the 
transmitter frequency t o  within approximately 10-4 MC/S . 

- A device for  regulating the klystron cooling liquid temperature, 
with an electro-thermostatic system capable of stabilizing the temperature 
to w i  thfi 5 0 0 5 ~  approxfmately. 

- 2 anode voltage rect i f iers ,  each with an output of 200 mA a t  
fjOOO volts,  equipped with mercury vapour tubeso 

- 2 grid voltage pectif iers  each with an output of 50 mA a t  
500 voltsl equipped with hard-lubes* 

- The systari for  tuning the cavities and controlling the adaptors. 

- An electronic device for  stabilizing the A.C. mains voltage t o  
2 1% for  fiput variations of 2 15% or lesso 

- A detector device fo r  measuring standing waves i n  the output 
wave guide. 

- A crystal detector used for  monitoring and controlling the 
pulse shape by means of a control oscillograph located i n  the modulator. 

Bo- MODULATOR 

The modulator i s  mounted on the l e f t  side of the transmitter and has 
the following djlnensionss 

length o . . O O . . O O o  0050 m 
depth 0..6.ee.e0. 0065 m 
height roo.e.oo.. 1.70 m 

It comprises two racks which contain: 

Rack No. & 

- An oscillograph for  controlling the shape of the modulation 
voltages, the clipped voltages applied t o  the grid of the power stage, 
and the modulation envelopes (pulses) from the crystal  detector located 
in the output wave guide. 



- A microanpeter with a four-way s e l e c t o ~  for  measuring the 
power radiated i n  eaoh of the four lobeso 

- An electronic device for  monitoring the position of the path, 
comprfsfng 2 microampmeter path deviation indicators, - d a t e d  
direct ly fa degrees, and two dffferen%ieil relays operating the alarm 
systean in case the power radiated on one lobe dfffers  by more than 
10% from tha t  radiated on the corresponding loeal imr  or glide path 
lobeo 

- 4 LoFo generators producing frequencies of 20, 24, 30 and 
34 kc/s*, each comprising a v a e m  tube and aasooiatedl circuits. 

- A 3-tube elippfig device for  tPansi"omfig the LeFo sine waves 
into 1/2 ~ y e l e  wide rectangular waveso T h i s  clipping device is operated 
successively by the 4 LeFe generator tubes by means of a capacitive 
switch on the sb.af't of the rotating distributore The switch is  adjusted 
so that  each modulation frequency is applied exactly during the passage 
of the distr ibutor fi front of %he wave gtxfi.de apert;znre connected t o  the 
aomee t ant ennao 

- A power modulating tube charging the grid of the lclystron 
amplifier through a modulation transformero 

- An input stabilizero 

A t  the base of the modulator unit %here is a eompartraent containing an 
aeoustic warning sfgnal whish is operated in the follow%ng cases:: 

- stoppage of the valve ooolfng water flowo 

- more than 50% decrease in  the radfated powero 

- when the power radiated by the two localizer antennas, or the 
power on the two glide path lobes dfffers  by more than l0%0 

Ca- ROTATING DISTRIBUTOR 

Installed i n  the t ra i l e r ,  t o  the r ight  of the transmitter. 

The Rotating Distributor eonsists of m parallelepiped cavity, tuned t o  
the emission frequency anti. havbg a m o w  s lo t  on the longest ascis of the 
cavity* A s  the cavity rotates, the s lo t  passes i n  front of the aperture of" 



each antenna wave guideo The duration of the passage of the s lo t  i n  front  
of the aperture of each guide determines the duration of the pulse eUU%tt&o 

The shape of the pulse is substantfally rectangular, the width of the s l o t  
befng very small  i n  relation t o  the dfmensfons of the aperture of the wave 
guides. The transmitter feeds the rotating cavity by means of a coaxial l ine  
rotary joint. 

The transmitter assenbly can be seen in Ffgure 6* 

Da- AMTENMAS (See Figure '7) 

The two antennas defbing the localiser plane are segments of aparab0.a 
an8 have the following dimensions s 

height O ~ O O e O ~ O O O ~ O  3020 m 
depth e O O e O Q O O O O e . O  lea m 

Ekciters located close t o  the focal points of these reflectors give the 
radiation lobes the shape i l lus t ra ted i n  Figures 1 and 2. 

The glide path "cheesen antenna and one of the localizar antennm are 
attached t o  the rear  end of the t r a i l e ro  These two antennas may be diwnantled 
into three components t o  *flitate transport and instal lat iono 

The second loealiaer an%enna is located on the other side of the runway 
and is mounted on a l igh t  folding frameo The RF energy is conveyed by meana 
of a 120 m long non-flexible, waterproof eoaxial feeder, whish may be dfs- 
mantled into 3 a X )  m lengths* 

20- AIRBORNE EQUIPMENT 

The dfmensfons are8 

length e o o o o o o o o o  Oe430 BI 
depth o e o c o o e e e o o  O o l v  m 
height g O o O o O O o O O  OOabr10 m 
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Ce- VISUAL INDICATOR 

T h i s  rimy be either: 

- A cathode-ray tube with a 70 mm diameter screen, or 

Figure 11 shows an a t re ra f t  hstmment panel on which both types of 
indicators have been installed fo r  experfmental purposeso 

In either case a warning l i gh t  f-i fPont of each axis l ights  up when the 
a i rcraf t  enterer the glide path or loealiaer f ieldso The l igh t  marking the 
v e r t i a d  l i n e  only lfghts  up when the aircraPt enters the localiser f ield,  
while the l igh t  fo r  the horizontal l i n e  only l ights  up when the a i roraf t  enters 
the glfde pcrth field0 

I)*- RECEIVER ANTENNA 

The antenna consists of 3 half-wave elements coupled in series and i n  
phase wfthfn an aerodynamic plexfglass casbgo The angle of aperture of the 
polar diagram of this antenna i n  the ho~iaontal  plane is approximately 180°, 
whfeh still  provides correct reception when the aeroplane is a t  r ight  angles 
t o  the landing patho It may be replaced by an omnidirectional antenna0 It is 
aonnected t o  the receiver by a polythene insulated flexible coaxfal l i ne  with 
a charaete~fs t io  finpedance of "1 o h s o  

The peeeiver antenna ean be seen fn Figure 12.3 

Eo- CONVERTER (fl required) 

This converter can supply 110 vol ts  A&, a t  400 C/S* fPan a 24 vol t  afr- 
c ra f t  systemo 1% i t s  only used when the a b e r a f t  system is not 4.00 C / S ~  The 
power rating of the oormerter is appraxSmately 125 watts0 

The positioning of the recefver in the a3re ra . t  is not impor tmt~  
Starting and stoppfng is controlled &om the control box and i n  view of the 
autsmsatic frequency control, the p i lo t  does not have t o  do any ret-g~ 
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CHAPTER IB 

TESTS PERFORMED AND RESULTS OBTAIIQED 

The AoS,Bo 23 experimental equipment was put through numerous o f f i c i a l  
t e s t s  r 

a)  In France, during 19A9, a t  Saint-Andrb de lsEure, by the Service 
Technique des T6lbcommunications de l U A i r ,  with the assistance of the 
Radio Authorities and recording equipment from the Bretigny "Centre 
dcEssais en volw (Flight Test Centre). The equipment has been o f f i c i a l ly  
demonstrated t o  experts of t h e  Secretar iat  G6n6ral B lDAviation Civile 
and the Cmpagnie Nationale dfAir  France (Ce~aAoFo) ,  a s  well a s  t o  
Br i t i sh  experts (Doctor Touch, Chief of  BaLaEaUo) and United Sta tes  
experts (Mro Wagner from the Wright Field Experimental Station) Follow- 
ing these demonstrations the CoIoAaFa decided t o  submit the system t o  the 
Intermatiom1 A i r  Transport Association ( UTA) 

b) I n  England, during 1950, a t  Woodbridge and Martleshaw, by the 
Blind Landing Experimental Unit (BLEU) , with the assf atance of RoAaFo 
p i l o t s  and aeroplaneso 

The t e s t s  compriaed over 200 approaches or  transverse pssrsagee, with 
accurate ground control using theodolite observations o r  photographs of the 
final approach taken with two synchronized cameras located on both s ides  of 
the runway close t o  the  touch-down pointo 

Descents were a l so  made using the receiver output signals t o  control an 
automatic p i lo to  On these descents a close cheek was made on board by a 
system of cameras photographing the ground, the instruments on the panel and 
the measuring instruments attached to  the automatic control c i r cu i to  

I n  addition, during every descent, the indications of  the cross-pointer 
instrument were recorded, e i the r  d i rec t ly  on a tape rectorder, o r  by photo- 
graphbg the posit ion of the cross-pointerso The following re su l t s  were 
3btaineds 



a) Ran e: The required L;O km range was exceeded over a horizontal + sector of 60 centred on the landing path, It was found tha t  the system 
a l so  provided satisfactory operation up t o  a distance of  PO0 km from the 
runway, over sectors within 15' on e i ther  side of the landing patho 

b) Localizer coverage: Over the normal 40 km range, more than 
2 30° about the landing path, fo r  an angle between 0.75' and 7' above the 
horizontal, 

c) Glide path coverage2 Over the normal 40 km range, more than 
tha t  produced by an angle between 0 ~ 7 5 ~  and 7O above the hori  zontd 
W i n g  the t e s t a  it was noted tha t  even a t  92km from the runway, the 
system provided corpeet loca l izer  and glide path indications a t  an angle 
of  only 0 ~ 2 5 ~  above the horfeontal, over the coverage sector specified 
in b). 

d) Accwacy of  the localizer:  Under manual o r  automatic pi lot ing 
the accuracy of the locaPfzer w a s  found t o  be more than 2 Oa3OO 

1 s Under manual pi lot ing the accuracy 
was found e r  automatic pi lot ing more than 
0005~0 

f > 
executed 
accuracy 

Accuracy a t  the approach end of  the runway: During descents 
by experienced p i lo t s  using the cross-pointer indicator, the 
of the aeroplaneos approach i n  re la t ion  t o  t h e  runway centre 

l ine,  was found t o  be be t t e r  than 2 12 metres, over a sector extending 
from the approach end of the runway and a l i n e  situated 150 m i n  front  
of the a n t e u s e  
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CHAPTER V 

RT,OCK DIAGRAMS AND F Z G E S  

TRAILER 
AND ANTENNAE 

ET ANTENNES MODULACION F-2 

--- ---- 

Fig. 1 - LLOCALIZER PATTERNS 
( POLAR COORDINATES) 

F-k. 1 - DIAGRABWS DE RAYmhMEWT DU R B D I O P ~  D'ALI- DE PISTE 
(Coordondes polaires) 

Fia. 1 - DIAGRBMAS DEL KICALIZADOR 
(Coordenadas polares) 

RUNWAY CENTRE LINE - AXE DE LA PISTE - EJE DE LA PISTA 

- LOCALIZER PATTERNS D&F@S 
RECTANGULAR COORDINATES) y GRADOS 

FIR. 2 - DIAGRAMMES DE RAYONNPIEW DU RADIOPHARE DIALIGNEMENT DE PISTE 
(~oordonndes reetangulairas) 

Fie. 2 - DIAGRAMAS DEL LOCALIZADOR 
(Coordenadas rectangularea) 
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- 8.S.V-23 - 

F~E. 3 - GLIDE PATH P A T T m S  
ria. 3 - DIAGBBMMES DE RAY- DU RADIOPHARE DVALIGNEMENT DE DESCENTE 

FIR. 2 - D I A Q W  DE TRgPECTORIA DE PLANEO 

DISTRIBUIDOR GIRATORM) 
DISTRIBUTEUR ROTAl'IF 
XYTflm DISTBDUTOR s&~ALES DE (sOWRIOF~) 

SIOUUX SUP- DU m10- 
ALIGIWENT DE DFSlirSTE 

UPPER GLIDE PATH SIGNALS 

MODULATOR 
MIDmaTEUB 
MODULBDOR 

SIGNAUX DE GAUCHE 
RADIOALIGNEXENT DE PISTE - t ~~ DE ~ J U I - R  

(IZQUIERDA ) 
G E PATH SIONAIS 

TwsMITTm S I G N A U X % ~  ou 
I ~ E T T w R  F U D I O A L I G H B W I  DE DESCElT 

T R A N S I S I O N  -ALE3 DB PLANE0 (IWBRIOR~ 
RIGITT HAND 

IX)CALIZER SIGNAIS 
SIGNAUX DE DROITE 

DU RADIOALIGNR4ENT DE PISTE 
SlihGES DE U)CALIZBDOB 

(DEFEcRB) 

FIE. 4 - H D C K  DIAGRAM OF TH% !EUJENITTW 
Fin. 4 - SC- D'WSMBLE DE L'EMEI'TEUR 
Fig. 4 - 'Esq?mA DE PRWCIMO DH; EMISOR 



El- 

- A.S.V-23 - 
Ammu 
mma 
m 

~ 1 / P 2  - - 
QMPLIP. 

m. 5 - BLOCK DIAGRAM OF THE AIpORlOE RECEIVW 
FIR. 5 - DIAGRAMME D'WSPIBLE DU RECEPTEUR DE BOPU) 

FiB. 5 - ESQUEHA DE PRINCIPIO DEL RECEPTOR 

MIXER 
BlELANGEuR 
MEZCLBDOR 

AMPLI-IF-LF 
m-MF-LF 
AMPW-FI-BF 

F3h4 - AMPLI INDICADOR DE 
AWLIF. AGWAS CRUZADAS 

i 



26 ICAO CfrcuLar 19-k?/f.6 

Fine 6 - ~ S M I ~  (front view) 
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Fino 7 - TRANSMITTER TRAILER 



- LOCALPW ANTENNA 
(Remote from other antenna mounted on t r a f l e~)  
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Fie. 2 - GLIDE PATH AND LOCALfZER ANTE%NAS ON TRA- 



Fig, 10 - AIRBORNE EQUIE'MEHT 



Fin, %A - AIRBORNE INDICATORS 



Fig* 12 - RECEIVER ANTENNA 
( a A i a o b o ~  ) 
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TW;HPJICAL SP'ECBICATIONS FOR A LANDING SYSTM 
UTILIZING DECIMETRIC WAVES. REQUESTED BY THE SECRETARIAT 

GEKEaAL A LOAVIATION C I V I L E  ET CcMMEWMIUE 

COMPRISIEJG: A LOCALIZEB BQUIPMEBlT 
A GLIDE PATH EQUIPMENT 
A D I S T U C E  MEASURING EQUIPMENT 

PART I e  - GROUND EQUZRSNT 

1.1,1 The ground equipment of t h e  landing system s h a l l  comprise t h e  
following basic  componentst 

a )  a s ing le  t ransmi t te r  successively feeding, on a common radio 
frequency carrier, the  antennas of t he  runway 1ocaliz;er equipment, g l ide 
path equipment, associated distance measuring equipment and the  system 
iden t i f i ca t ton  equipment, 

b) two loca l i ze r  antennas located one on each s ide  of t he  runway, 
which s h a l l  rad ia te  two radio frequency f i e l d  patterns,  One of the  
antennas s h a l l  be locateu close t o  t he  t ransmit ter  and s h a l l  be fed by t h e  
transmittep bg means of &r f lexible  coaxial  feeder; the  other  antenna shall 
be fed by means of an air-insulated coaxial  o r  a waveguide, crossing the 
runway subs tan t ia l ly  perpeMicular t o  the  centrel ineo 

c) a g l ide  path antenna which s h a l l  rad ia te  two radio frequency 
f i e l d  pat terns  off-set  i n  re la t ion  t o  each other i n  the  v e r t i c a l  plane, 
This antenna shall be located close t o  the  common t ransmit ter* 

d) a recleiver and antenna f o r  reception of interrogat ion signal8 
radiated an a i r c r a f t  equipment i n  connection with t he  indicat ions  t o  
be obtained from the  associated Distance Measuring Equipmento 
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e) a DME t ransmit ter  antenna fed by the  common t ransmi t te r  during 
the  time i n t e r n 1  reserved f o r  radiat ion of DME s ignals  as s h a l l  be 
described hereaffer, 

1.1.2 The comraon t ransmit ter  and t h e  two antennas mentioned i n  b) 
s h a l l  comprise the  runway loca l i ze r  equipment. 

1.l03 The common t ransmit ter  and the  antenna mentioned i n  c) shall 
comprise t he  gl ide path equipment. 

l O l 0 4  The common transmitter,  the  receiver mentioned i n  d) and t h e  
two antennas mentioned i n  d) and e) s h a l l  comprise t h e  transponder of t h e  
associated Distance Measuring Equipmento 

11.- RADIO FRF;QUEEJCES 

The common t ransmit ter  sbaPl operate i n  t h e  band 1173.5 Mc/s. t o  1186 ~ c / s ~  
There s h a l l  be 6 usable channels i n  t h i s  band. Adjacent channel separation 
sha l l  be 205  k/s0 As each of t he  usable frequencies i s  common t o  the  runway 
loca l izer ,  g l ide  path and transponder o f t h e  associated distance measuring 
equipment, they s h a l l  be cal led wcommon transmitt ing frequenciesno The following 
s h a l l  be the six usable frequencies: 

F i r s t  common t ransmit t ing frequency ..O. .O, . . .O 117305 
Second common t ransmit t ing frequency . o O O . . . e . O  1176 
Third common t ransmit t ing frequency . . . . . . . . . . 1178.5 
0 0 0 0 0 . 0 . 0 0 0  

Sixth common transmitt ing frequency . . o O O  . . .. . 1186 ~ c / s .  

The frequency tolerance of each common transmitt ing frequency s h a l l  
be 2 100 kc/s, 

Noteo- The t ransmit ter  i s  t o  be designed so t h a t  a t  a l a t e r  s tage of - 
development it may operate on any of 40 channels with a separation of 1.5 ~ c / s .  
i n  the  band 1126 t o  1186 hlc/so 

gOLBRIZATION,- The radiatfon from the  loca l izer ,  g l ide path and DME trans- 
ponder antennas s h a l l  be v e r t i c a l l y  polarizedo 
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The Pocalizer and g l ide  path antennas s h a l l  be fed sequent ia l ly  by the  
common t ransmit ter ,  whose rad io  frequency c a r r i e r  shall be appropriately 
modulated bg. means of rectangular pulse t ra ins .  

The pulse t r a i n s  radiated by t h e  l oca l i ze r  equipment s h a l l  &ve r epe t i t i on  
frequencies of 20 and 24 kc/s. 

The pulse t r a i n s  radiated by the  g l ide  path equipment shall. have r epe t i t i on  
frequencies of 30 and 34 kc/so 

The duration of a f u l l  emission cycle of t h e  common t ransmi t te r  s h a l l  be 
approximte ly  l / l0 sec. , divided a s  follows: 

1 one pulse t r a i n  a t  20 kc/s. - approximate duration, 1/60 sec. ( local-  
f zer)  

2 )  space of 1/360 seco approximatelyo 
3) one pulse t r a i n  a t  30 kc/s. - approximate duration 1/60 seco (gl ide  

path) 
4) space of approximately 1/360 seco 
5 one pulse t r a i n  a t  24 kc/s. - approximate duration 1/60 sec (local-  

i z e r )  
6) space of approximately u 3 6 0  sec. 
7 )  one pulse t r a i n  a t  34 kc/s. - approximate duration 1/60 sec, (glide 

patha 
8 )  space of approximately 1/@ seca 

This last space of 1/40 seco s h a l l  cons t i t u t e  t he  time space 
reserved f o r  rad ia t ion  of DM& and beacon iden t i f i ca t i on  s ignalso 

Note - It i s  recommended that the  pulse f ron t  be such t h a t  t h e  t en th  - 0  

harmonic does not exceed 5% of t he  basic, 

no- UHF AMPLITUDE COMPARISON LOCALIZER - and ASSOCIATED MONITOR 

f04.1 General 

$,4.101 The Pocalizer s h a l l  rad ia te  two radio frequency f i e l d  patterns. 
These two pa t te rns  s h a l l  be characterized by a commdn radio frequency ca r r i e r ,  



modulated by t h e  pulse t r a i n s  a t  20: kc/s. and 24 kc/s. respect ively  f o r  each of 
t he  two pa t te rns  a s  specified i n  IIIo The two pat terns  s h a l l  be arranged t o  
i n t e r sec t  so as t o  produce an  on-course l ine*  

l,40 1, 2 The on-course l i n e  i n  any horizontal  plane s h a l l  be defined 
as t h e  locus of points a t  which t he  peak amplitudes of t h e  20 kc/s. and 24 kc/s. 
pulse r epe t i t i on  frequencies s h a l l  be equal. 

1,4.1.3 When an  observer is  placed on the  cen t re  l i n e  and faces t h e  
l oca l i ze r  a t  t h e  approach end o f t h e  runway, t h e  amplitude of pulses a t  t h e  
20 kc/s. r epe t i t i on  frequency srlall predominate a t  any point on h i s  l e f t  hand 
and t h e  amplitude of pulses a t  t h e  24 kc/s. r e p t i t i o n  frequency shall predomi- 
nate  a t  any point on h i s  r i g h t  hand, 

1,4.1,4 Any hor izontal  sect ion of t h e  overa l l  radio  frequency f i e l d  
pat tern  shall be symmetrical about t h e  on-course l i n e  i n  t h a t  section, 

Coverage 

The locsl iaer  s h a l l  provide s igna ls  su f f i c i en t  t o  allow sa t i s f ac to ry  
operation of a typ i ca l  a i r c r a f t  ins ta l la t ion .  

a )  over a f i r s t  sec tor  defined byt 

- two v e r t i c a l  planes perpendicular t o  t h e  on-course l i ne ,  located i n  
f r o n t  of t h e  antennas a t  a distance of 150 m and 4.0 Km respectively. 

- two v e r t i c a l  planes forming a dihedral  a t  l e a s t  XI0 wide centred on 
t h e  on-course l i n e o  

- two planes perpendicular t o  t he  l a t e r a l  plane containing t h e  on-course 
l i ne ,  forming with t h e  ground, angles of e levat ion of more than lo and 
l e s s  than 7O, t he  l a t t e r  crossing t he  approach end of t h e  runway a t  a 
height of 600 mo 

b) over a second sec tor  defined by: 

- two v e r t i c a l  planes perpendicular t o  t h e  on-course l i n e ,  located i n  
f r o n t  of t h e  antennas a t  a distance of 150 rn and 15  Km respectively. 

- two v e r t i c a l  planes forming a dihedral  of a t  l e a s t  9 0 O  wide centred on 
t h e  on-course l i ne*  
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- two planes perpendicular t o  t h e  v e r t i c a l  plane containing the  on-course 
l i ne ,  forming angles of more than 0.75O and l e s s  than 7 O  with reference 
t o  t h e  ground, 

The loca l i ze r  shall not rad ia te  any f a l s e  courses between a lower eleva- 
t i o n  angle above the  hor izontal  of 0,75O and an upper elevation angle of 7O 
(maxo 1. 

1.4.3 Radio frequency f i e l d  m t t e r n g  

10403.1 The pa t te rns  determining t h e  on-course l i n e  s h a l l  fntepseet  
so  t ha t ,  on t h e  g l ide  path, a t  a distance of more than 300 m from the  antennasp 
the  r a t i o ,  of t h e  f i e l d  s t rengths  (expressed i n  microvolts per  meter), f s 1,8 
f o r  an angular deviation of 0 . 2 5 ~  from t h e  on-course l i n e  of 2.5O. 

1.4.3.2 The r a t i o  of t h e  f i e l d  s t rengths  shall increase i n  a 
subs tan t ia l ly  l i n e a r  fqshion from t h e  on-course l i n e  t o  4 O  & 0 0 4 ~  from t h e  
on-course l i ne ,  where it s h a l l  not be less than 2.6, This r a t i o  s h a l l  then 
remain g rea t e r  than 1.8 f o r  angular deviations between 4' and 45O. 

Note.- The f i e l d  s t rength  r a t i o  of 108 s h a l l  be that which causes t h e  - 
pointer  of t h e  indicator  of a typ i ca l  a i r c r a f t  i n s t a l l a t i o n  t o  be fully 
deflected,  

10 404 S t a b i l i t s  and Accuracv of t h e  course vroduced bv t he  Localizer 

1 o 4 o 4 e 1  The course produced by the  l oca l i ze r  s h a l l  have no bends 
troublesome t o  pi lots .  

Note - Bends o r  other  i r r e g u l a r i t i e s  t h a t  a r e  not acceptable w i l l  be i n  -* 
principle  ascertained by f l i g h t  t e s t s  i n  s tab le  a i r  conditions. 

1,4.4.2 The accuracy of t h e  on-course l i n e  shall be within 
degree a t  dis tances  grea te r  than 3 Km over a l l  t e r r a i n  not providing obstruc- 
t i ons  t o  propagation. 

The d i rec t ion  of t h e  on-course l i n e  shall not deviate by more than 3 O  

from t h e  runway centre  l i n e ,  a t  150 m from t h e  antennaso 
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1040403 The accuracy of t h e  on-course l i n e  a3 the  approach end of 
t h e  runway s h a l l  be such t h a t  t h e  on-course l i n e  passes within t h e  sec tor  
covered by two l i n e s  p a r a l l e l  t o  t h e  runway, located a t  20 m on each s ide  of 
t h e  centre  l i n e  and extending from the  t ransverse  l i n e  located 150 m i n  f ron t  
of t he  antennas t o  t he  approach end of the  runway l i neo  

1,405 Monitoring 

1040 5*1 Sui table  equipment located i n  the  radiat ion f i e l d  of t h e  
l oca l i ze r  antennas shall provide s igna ls  f o r  t h e  operation of an a u t o m a ~ s o n i t o r .  
The monitor s h a l l  transmit a warning t o  a cont ro l  point, ana s h a l l  cause radia- 
t i o n  from t h e  common t ransmi t te r  t o  cease if  any of the  following'condftions 
arise 8 

a) s h i f t  of t h e  on-course l i n e  more than one-third of one degree 
from t h e  centre  l i n e  of t h e  runway; 

b) reduction,of power output t o  l e s s  than 50% of normal; 

c) change of more than 10% i n  t he  course width specif ied i n  
1040301  h he condition i n  c)  shall not be required i n  the  case of t he  
development of a prototype), 

1040 502 Means s h a l l  be provided so  t h a t  any of t h e  condit ions a), b) 
and c)  i n  1040501  ean p e r s i s t  f o r  a cer ta in  period before t h e  warning is  t rans-  
mitted and rad ia t ion  ceases* The duration of this period s h a l l  be adjustable  
within t h e  limits of 4 and 10 seconds, 

Mote,- The monitoring equipment may a l s o  be used t o  operate a system f o r  - 
readjust ing t h e  on-course l i ne ,  

f 040 503 Fa i lu re  of t h e  monitor i t s e l f  shall automatically cause 
rad ia t ion  t o  cease* 

V.- UHF AMPLITUDE COMPARISON GLIDE PATH EQUIPMENT AND ASSOCIATED MONITOR 

lo 501 General. 

10 5 0  101 The g l ide  path equipment s h a l l  r ad i a t e  two rad io  frequency 
f i e l d  pat terns ,  These two pa t te rns  shall be characterized by a common radio 
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frequency c a r r i e r  modulated by t h e  pulse t r a i n s  a t  30 and 34 kc/s, during t h e  
periods provided f o r  t h i s  purpose as specified i n  111. 

The two pat terns  s h a l l  be arranged t o  i n t e r sec t  so  as t o  provide a 
s t r a i g h t  descent path i n  t h e  v e r t i c a l  plane containing the  centre  l i n e  of t h e  
runway. 

1.5,1,2 The amplitude of pulses a t  t h e  repe t i t ion  frequency of 34 kc/s. 
s h a l l  predominate a t  any point below the  descent patho 

1. 5,1,3 The descent path s h a l l  be defined a s  t h e  locus of points i n  
t h e  v e r t i c a l  plane containing t h e  centre l i n e  of t he  runway a t  which t he  ampli- 
tudes of t h e  30 kc/s. and 34 kc/s. pulses a r e  equalo 

1. 5.1,4 The g l i de  path equipment normally shall be capable of adjust-  
ment t o  produce a descent path a t  any angle between 2-1/4 and 3 degrees with 
respect  t o  t h e  horizontal. 

Note,- I n  exceptional cases t h i s  angle may be adjusted between 3 and - 
4 degreeso 

1e5e1.5 The descent path shall be such t h a t  t h e  optimum touchdown 
point i s  located on t h e  runway centre  l i n e  a h a  distance of 150 t o  300 metres 
from t h e  approach end of t h e  runway. 

Note 1) , - The optimum touchdown point specif ied above i s  taken f o r  an a i r -  
craft with i t s  ASV 23 receiver  antenna a t  about 6 metres above the  wheels. It 
therefore  i s  the  same as the  "reference pointn  defined i n  Annex 10 t o  the  
Convention on In te rna t iona l  C i v i l  Aviation, 

Note 2),- Some deviations t o  1.5,105 may be envisaged as a r e s u l t  of 
l o c a l  conditions, 

Coverage 

The g l ide  path equipment shall provide s igna ls  su f f i c i en t  t o  allow 
sa t i s f ac to ry  operation of a typ i ca l  a i r c r a f t  i n s t a l l a t i o n  i n  t h e  following 
sec tors  located i n  f ron t  of t he  antennase 

a )  sec tors  of 8 degrees on each s ide  of t he  centre  l i n e  of the  
descent path up t o  a dis tance of @ Kms and between an angle of l e 5 0  and 
5O above the  hor izontal  respectivelyo 
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b sectors  l imited i n  azimuth a s  i n  a ) ,  up t o  a distance of a t  
f e a s t  20 Kms and between an angle, enclosing the  angle i n  a ) ,  of 0~75'  
and 7' above the  hor izontal  respectivelyo 

c)  seetors  of 25 degrees on each s ide  of the  centre  l i n e  of t h e  
descent path, up t o  a distance of a t  least 15 K m s  and i n  e levat ion a s  
i n  a ) ,  

10 503 Radi o f rea  u e n c ~  f i e l d  , m t t e r n a  

1, 5.3.1 The pa t te rns  determining t h e  g l ide  path s h a l l  in tepseet  so 
t h a t  a t  a distance of more than 300 metres from t h e  antenna8 the  f i e l d  r a t i o p  
expressed i n  microvolts per metre, is l , 7  f o r  an angular deviat ion below t h e  
g l ide  path 4f 0.5O 2 0.05O and above the  g l ide  path of 0.60 2 O o 1 O 0  

1,5.3.2 The f i e l d  r a t i o  s h a l l  remain grea te r  than 107 f o r  angular 
deviations exceeding those referred t o  above, wi thin  t he  v e r t i c a l  coverage 
limits specif ied i n  1,5,2, 

Note 1)  ,- The 1,7 f i e l d  r a t i o  s h a l l  be that f o r  which t he  gl ide  path 
pointer of t he  indicator  of a typ i ca l  a i r c r a f t  i n s t a l l a t i o n  i s  f u l l y  deflected. 

Note 2),- Taking i n t o  account t h e  above conditions and t h e  accuracy and 
monitoring conditions specif ied inethe following ~ r a g r a p h s ,  a s  w e l l  a s  t he  
e r ro r s  due t o  reception, (which should not exceed 0.20° (see 2,5,5, )) t h e  lower 
edge of t h e  g l ide  path seetop defined by the  f u l l  sca le  upward def lec t ion  of 
t he  o i n t e r  w i l l  not project  i n t o  t he  obstpuctf on c lear ing surface (DOC 4809- 
AG A t '  558) except i n  t h e  case  of g l ide  path slopes of l e s s  than 2a5'e 

f 0 5 0 4  Accurac~  of t h e  a l fde  m t h  

.lo 504.1 The descent path shall be within  0,1° of t h e  published value 
above a l l  t e r r a i n  not providing natural  obstructions t o  propagation, 

1,504.2 The descent path provided by t h e  gl ide  path equipment shall 
have no bends troublesome t o  p i l o t s o  

Note,- Bends o r  other  i r r e g u l a r i t i e s  t h a t  a r e  not acceptable w i l l  i n  - 
principle  be ascertained by f l i g h t  t e s t s  i n  s t ab l e  a i r  c o ~ d i t i o n s o  
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10 50 5 Monitoring 

1.5.5.1 Sui table  equipment located i n  the  radiat ion f i e l d  of t h e  
gl ide  path  equipment s h a l l  provide s ignals  f o r  t h e  operation of an automatic 
monitor. The monitor s h a l l  transmit  a warning t o  a control  point, and s h a l l  
cause rad ia t ion  from the  g l i de  path equipment t o  cease i f  any of t h e  following 
conditions ariseo 

a) s h i f t  of t he  descent path of more than O * l O ;  

b) reduction of power output t o  less than 50% of ~0ml; 

c )  increase of t h e  descent path width of more than 10% over the  
width specified i n  1.5.3.1 (condition c) s h a l l  not be required i n  the  
case of t h e  development of a prototype), 

1.5.5.2 Means s h a l l  be provided so t h a t  t h e  conditions prescribed 
i n  the 'previous paragraph can pe r s i s t  f o r  a ce r t a in  period before t h e  warning 
is transmitted and rad ia t ion  ceases. The duration of t h i s  period s h a l l  be 
adjustable  within t h e  limits of 2 and 6 secondso 

Noteo- The monitoring equipment may a l s o  be used t o  operate a system f o r  
automatically r e se t t i ng  the  g l ide  path. 

1, 5. !j03 Fa i lu re  of t he  monitor i t s e l f  s h a l l  automatically cause radia- 
t i o n  t o  cease* 

V I o -  ASSOCIATED INTERROGATOR-TRBNSPONDER DISTANCE MEASURING EQUIPMENT, 
GROUND EQUIPMEMT 

1.6.1 General 

1.6@101 The associated distance measuring equipment i s  designed t o  
provide t h e  p i l o t  with continuous and accurate indicat ions  of t h e  distance of 
t he  a i r c r a f t  from t h e  optimum touchdown point on t h e  runway, 

le6e1.2 The equipment comprises two basic  components: an interrogator  
on t h e  a i r c r a f t  and t h e  ground transponder using t h e  common transmitter .  
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Note - This chapter only r e fe r s  t o  the  a i r c r a f t  interrogator where 
-0 

necessary f o r  c lar i ty .  The specifications a r e  given i n  a subsequent chaptero 

1060103 The basic components of the ground transponder a r e  as s ta ted  
i n  I, namely, receiver and antenna, common transmitter,  transmitting antenna, 

Channelling 

lo 60 20 1 The system shall operate within two frequency bands, namely, 
960-986 Mc/s, f o r  the  interrogation (see Note t o  106, 2. 6) and 1126-1186 MC/S. 
f o r  t he  reply, with 2,5 #c/s, separation between adjacent radio frequency 
assignments* 

106.2.2 The transponder receiver s h a l l  operate on the following three 
interrogation frequencies 2 9790 75 MC/S, 9820 25 MC/S~ and 984.75 ~ c / 8 *  

1.6.2.3 Single pulses with a duration of 2 ~ s  2 10% s h a l l  be employed 
f o r  interrogation and reply, 

1.6.2.4 There s h a l l  be a suppressed time delay of 3~ + 0 . 2 ~ ~  between 
interrogation and reply pulseso 

1060 20 5 The pulse repe t i t ion  frequency sha l l  be between 1400 and 
1600 per second, 

1060206 The combination of three interrogation frequenciea and s i x  
reply frequencies, which a r e  a l s o  the  s i x  common transmitting frequencies 
specified i n  11, sha l l  provide eighteen possible channelso 

Note,- This equipment should be regarded a s  a phase i n  the development 
of an equipment operating on @ common transmitting frequencies spaced a t  
1 0 5  ~ c / s .  and nine interrogator  frequencies spaced'at 2.5 MC/S. The interrogator 
frequencies a r e  t o  be chosen from the  middle of the spacing between the interro- 
gation frequencies l a i d  down by ICAOo 

106, 2.7 The same interrogation and reply frequency combination may 
not be repeated with l e s s  than 200 kilometres separation between ground 
f a c i l i t  i e s o  
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106e208 Two adjacent reply frequencies may not be repeated except 
for  ground f a c i l i t i e s  w i t h  more than 100 Kms separation, 

1,6020 9 The transponder receiving and transmitting antennas shall 
operate on ver t ica l ly  polarized energy. 

106, 3 Accuracy of the svstem 

The overall  accuracy of the associated distance measuring equipment shall 
be defined as the mean of 100 measurements of the absolute values of the  
difference between each reading given by a typica l  a i r c r a f t  ins ta l la t ion  and 
the corresponding t rue  distanceo 

The accuracy should be: 

a )  For distances between 0 and 7.5 Kms, error  not t o  exceed 150 m; 

b) For distances between 7,5 Kms and 40 Kms, er ror  not t o  exceed 
Z$ of t rue  distanceo 

The coverage shall be the  same as f o r  the  localizer,  

Traff ic  capacity 

The equipment should operate normally with 50 a i r c r a f t  simultaneously 
interrogating the same ground stat ion,  

P06.6 Transponder receiver requirements 

1,6,6,1 The transponder receiver loca l  osci l la top frequency tolerance 
sha l l  not exceed _+ 100 kc/se 

106. 6,2 Radiation from the  transponder receiver loca l  osc i l la tor  
shall be adequately suppressed. 
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106,6,3 The rece ive r  s e n s i t i v i t y  shall be a t  least 100 db  below one 
watt  , 

1 e 6 0 6 0 4  The s e l e c t i v i t y  of t h e  r e c e i v e r  s h a l l  be such that pulses  
2*5 ~c / s .  removed from t h e  des i red  cen t re  frequency w i l l  not  r e s u l t  i n  operat ion 
Qf t h e  t r i g g e r i n g  c i r c u i t s  unless  t h e  amplitude of t h e  pulees are a t  least 
50 db greater than t h e  minimum required f o r  operat ion i n  t h e  des i red  ohannel. 

1.6.6.5 Means s h a l l  be incorporated t o  p ro tec t  t h e  rece ive r  aga ins t  
harmful in te r fe rence  bg e igna l s  outs ide  t h e  DME band, 

V I I o -  SITING OF THE GROUND EQUIF'MENT 

1, 7- 1 The t r a n s m i t t e r s  shall be i n s t a l l e d  i n  a trailer, 

1.7.2 The l o c a l i s e r  antennas s h a l l  be loca ted  on a l i n e  a t  r i g h t  
angles  t o  t h e  runway cen t re  l i n e  a t  a d i s t ance  of a t  least 300 metred born t h e  
approach end of t h e  runway, and i n  t h e  d i r e c t i o n  of t h e  s t o p  and, i n  order  not 
t o  c o n s t i t u t e  a n  obst ruct ion troublesome t o  landing. There s h a l l  be a t  least 
120 metres d i s t ance  between t h e  cen t re  of each antenna and t h e  runway cen t re  
l i n e ,  The common t r a n s m i t t e r  s h a l l  be loca ted  approximately 10 metres t o  t h e  
r i g h t  of t h e  righthand l o c a l i z e r  antenna, as viewed by a n  observer f ac ing  t h e  
runway i n  t h e  d i r e c t i o n  of landing, 

107,3  The g l i d e  path antenna s h a l l  be located  t o  t h e  common t rans -  
mitter, namely, approximately on t h e  l i n e  jo in ing t h e  l o c a l i z e r  antennas, a t  
10 metres t o  t h e  r i g h t  of t h e  righthand antenna, as viewed by a n  observer 
f ac ing  t h e  runway i n  t h e  d i r e c t i o n  of landing. 

Mote - Certa in  dev ia t ions  t o  107e1 may be envisaged as a r e s u l t  of l o c a l  
-O 

condit ions* 
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PART 11, - AIRBORNE EQUIPMENT 

I. - GENERAL 

2.1.1 The a i r b o r n e  equipment s h a l l  comprise t h e  fol lowing bas ic  
componentsr 

a )  common r e c e i v e r  f o r  recept ion  of s i g n a l s  from t h e  runway l o c a l -  
i z e r  equipment, t h e  g l i d e  path equipment and t h e  as soc ia ted  d i s t ance  
measuring equipment; 

b) i n t e r r o g a t o r  box of  the  a s soc ia ted  d i s t ance  measuring equipment, 
a l s o  conta in ing t h e  video p a r t  of  t h e  d i s t ance  measuring equipment; 

c )  a common antenna f o r  r ece ive r  and i n t e r r o g a t o r ;  

d) a cross-pointer  ind ica to r ,  operated by t h e  l o c a l i z e r  and g l i d e  
path  s igna l s ;  

, Note.- Two cross-pointer  i n d i c a t o r s  may be used wi th  t h e  same 
r e c e i v e r s  

e )  Cathode-ray ind ica to r ,  opereted by t h e  d i s t ance  s i g n a l s ;  

Note 1) ,- Two d i s t a n c e  measuring i n d i c a t o r s  may be used wi th  t h e  -- 
Same receiver .  

Note 2),- A p o i n t e r  o r  a veeder counter  i n d i c a t o r  w i l l  be subse- 
quen t ly  developed. 

f )  airkorne equipment remote c o n t r o l  panel,  comprising: 

- a n  on-off switch; 

- a channel switch f o r  s e l e c t i n g  t h e  frequency conlbinatfon 
corresponding t o  t h e  ground f a c i l i t y  used; 

- a s e n s i t i v i t y  c o n t r o l  knob, as spec i f i ed  i n  2,5,3; 

g) a d i a l ,  g iv ing t h e  l e t t e r  of  t h e  a l p h ~ b e t  i d e n t i f y i n g  t h e  
ground f a c i l i t y  employed; 

h) i f  requi red ,  a  24 v o l t  ~ ~ / 1 1 0  v o l t  A C / ~ O C  d s c o n v e r t e r  f o r  
a i r c r a f t  not  equipped wi th  a 4.00-cycle supply systein, 
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TI,- COMMON AIRBORNE RECEIVER 

Frequencies 

The common receiver of the local izer ,  gl ide path and associated distance 
measuring equipment signals shall operate on the  following s i x  frequencies: 

20202 The loca l  o sc i l l a to r  frequencies s h a l l  be s tabi l ized by means 
of a common crys ta lo  The i n s t a b i l i t y  tolerance sha l l  not be more than +_ 70 kc/s. 

Note - The receiver w i l l  be designed t o  receive, a t  a subsequent stage of -. 
development, the  4.0 frequenc$es spaced a t  l b 5  ~ c / s .  i n  the 1126 t o  1186 MC/S. 
band, t o  which reference has been made i n  I1 "Radio Frequenciesn. 

Sens i t iv i tv  

A t  maximum sens i t iv i ty ,  the IF amplifier gain measured between the  c rys t a l  
and the second detector shall be a t  l eas t  80 db. 

2,2,4 Se lec t iv i ty  

A t  maximum senei t ivi ty ,  the  IF pase band sRall be 2 Mc/s ,~  10% a t  3 db 
down, The band shall be centred on an IF frequency of 22 Mc/s,$ lSo 

The IF response for  a frequency 2,5 Mc/s.removed from the  centre frequency 
shall be a t  l e a s t  18 db down. The IF response f o r  a frequency 5 Mc/s. from the  
centre frequency shall be a t  l e a s t  4.0 db down, The response t o  the  image- 
frequency shall be a t  least 20 db down. 

2,2.5 Modulation fresuencv pass band f i l terg! 

The pass band f i l t e r  f o r  transmission of s ignals  modulated a t  20 and 24 
kc/s, should produce, f o r  s ignals  of the  same input level,  output s ignals  which 
do not d i f f e r  i n  l eve l  by more than 1 db from the  two modulation frequencies. 
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Likewise, the  f i l t e r  f o r  transmission of signals modulated a t  30 and 
34 kc/s, should produce, f o r  signals of the same input level,  signals which 
do not d i f f e r  by more than 1 db, The discrimination between the  24 kc/s. and 
the  3C kc/s,rnodulation frequencies sha l l  be more than 18 db. 

Single F i l t e r s  

The pass band of these f i l t e r s  sha l l  be such tha t  a frequency variation 
of 1% produces a maximum variation i n  leve l  of 0.5 db. The discrimination 
against the  closest  unwanted modulation frequency sha l l  be aC l e a s t  25 db, 

IF Automatic Volume Control -- -- 

The AVC character is t ic  should be such t h a t  a t  t he  operating threshold i f  
two 20 kc/s. voltages a r e  impressed, the r a t i o  of which i s  20 db, two LF voltage: 
a r e  produced, the  r a t i o  of which should not exceed 4 dbe 

Power SUPP~X 

The airborne receiver s h a l l  be designed t o  employ normally an input AC 
voltage of 115 v 400 c/so The s t a b i l i t y  of  the  input voltage, a s  well tin the  
frequency, sha l l  be f: 2% 

111,- AIRBORNE INTERRCGATOR 

2, 3,l The airborne interrogator shall transmit on the  following 
three frequencies taken from the  frequency band l a i d  down by ICAO f o r  airborne 
DME interrogators: 979* 75 M C / ~ ,  982,25 MC/S. and 9B4.75 M C / S ~  

m, - Subsequently there shall be nine interrogation frequencies (see 
Note t o  1,6,2.6), 

2,302 The interrogator  frequency tolerance sha l l  not be greater  
than 2 200 kc/so 
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Pulse charac te r i s t ic  

2.3.3.1 The interrogator  pulse duration s h a l l  be $8 by +_ 0.2)ls 

2.3,3.2 The pulse repe t i t ion  frequency s h a l l  be between 1400 and 
1600 cop. a and the  avemge var ia t ion  sha l l  be l e s s  than 2 1% 

2.30303 The pulse peak power s h a l l  be a t  least 50 watts. 

203.4 The airborne interrogator  power supply s h a l l  be 115 vol t  
AC 4.00 c/ao The required voltage s t a b i l i t y  and frequency e t a b i l i t y  s h a l l  be 
2 2% 

IV, - COMMON INTERROGATOR AND RECEIVER ANTENU 

2.4,1 The common airborne interrogator  and receiver antenna s h a l l  
consis t  of three v e r t i c a l  half-wave elements i n  l i n e  separated by two folded 
half-wave elementso 

2, 4, 2 The antenna s h a l l  comprise t h e  a r ray  i n  2.4,l with a re- 
f l e c t o r  element placed p a r a l l e l  t o  it at a dis tance of approximately A 

4 

The antenna-reflector un i t  s h a l l  be enclosed i n  a sabre-ehape plexi- 
g lass  houeing, 

2.403 The adapting and f i l t e r i n g  elements s h a l l  be contained i n  
the  base of t he  antennao 

204.4 The antenna s h a l l  be connected t o  the  receiver  and interro-  
gator  u n i t s  by means of a standard 50 ohm impedance coaxial  feeder, 
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V,- CROSS-POINTER INDICATOR 

2, 5 , l  The crosa-pointer indicator  s h a l l  conform t o  aeronautical  
standards, 

2, 5.2 The current  required i n . t h e  quadrature c o i l s  t o  produce a 
def lect ion of one divis ion shall be 30 m i c ~ o a i n ~ s ~  The def lec t ion  should be 
proportional t o  t he  current over t he  fu l l  sca le  of 25 divis ions  i n  a substan- 
t i a l l y  l i n e a r  manner. 

2,503 The p i l o t  shall have a s e n s i t i v i t y  control  enabling him t o  
obtain t h e  t o t a l  deviation i n  course of 5 divisions:  e i t h e r  f o r  an IF voltage 
r a t i o  of 1,8 o r  f o r  a r a t i o  of 2,6; t he  two s e n s i t i v i t i e s  corresponding t o  
angular deviations from t h e  on-course l i n e  of 2,5O and 4' respectively,  

20 5.4 The ind ica tor  s h a l l  have two f l a g  alarms conforming t o  
aeronaut ical  standardso 

2. 5* 4,1 Each f l a g  alarm s h a l l  be f u l l y  v i s ib l e  when t h e  f i e l d  received 
only provides a def lect ion of up t o  2-1/2 divis ions  of the  ind ica tor  f o r  only 
one of t h e  two modulation frequencies ac t ing  on t h a t  f l a g  alarmo 

2.50 5 Possible inaccuracies i n  t h e  receiver  (LF s e n s i t i v i t y ) ,  and 
i n  t h e  ind ica tor  (dynamic centering) should not introduce a t o t a l  e r r o r  of 
more than 2 divis ions  of t h e  indicator.  

V I ,  - CATHODE-RAY DISTANCE W S U R I N G  INDICATOR 

2,6,1 The dimensions of t h e  indicator  s h a l l  conform t o  aeronautical  
standards, The depth of t h e  indicator ,  which i s  recessed i n  the  instrument 
p h e l ,  s h a l l  not exceed 200 me 

2.6,2 The diameter of t h e  cathode-ray tube employed s h a l l  be 72 rnm 
2 3 e  
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2060 3 Scales 

The indicator sha l l  have two scales$ a logarithmic scale measuring dis-  
tances from 0 t o  5 h s  and a substantially l inea r  scale fo r  distances from 5 
t o  @ hs. 

2.604 A sweep t i n e  delay, adjustable between 3 and 5 microseconds, 
sha l l  permit zero distance t o  be indicated at  the  touchdown point on the  
runway o 

Two adjusting screws should be incorporated t o  permit the sweep 5ero and 
the sweep amplitude t o  be adjusted* 

The accuracy should be compatible with the  overall  accuracy of the system 
as specified i n  106030 

V I I o -  P o m a  U N I T  

2,7*1 I n  the  case of a i r c r a f t  not provided with a 400 c/s AC supply, 
the power required f o r  proper operation of the  common receiver and interrogator 
sha l l  be obtained by means of a converter working on the 24 vol t  DC a i r c r a f t  
systemo 

2, 70 2 Under normal load the  converter should provide 115 vol t  AC 
+ 2% a t  400 c/s fo r  system voltages between 22 and 30 volt  DC, Under similar - 
supply conditions the @O c/s frequency should not vary by more than 2 

PART 111,- GENERAL PROVISIONS 

1, The system should be able t o  operate sa t i s fac to r i ly  with an 
automatic p i lo t*  



2. The ground and a i r c r a r t  equipment should comply with any 
general provisions with respect  t o r  

2 , l  presentation and dimensions of racks, bares, etce..; 

2,2 cl imatological  conditions; 

2,3 endurance t e s t s .  

I n  this latter respect ,  ground equipment should operate under norm81 
condit ions f o r  a period of 1000 hours without replacement of component parts. 

The a i rborne equipment should a l s o  be ab l e  t o  operate f o r  1000 hours, but 
a t  5-how periodso 

During t e s t s ,  t h e  performance of t he  equipment shall be ve r i f i ed  every 
200 hours, 

30 Airborne ecluiment t e s t  benches 

3.1 Equipment w i l l  be developed f o r  use as a @workshopn t e s t  bench 
(emergency repairs ,  general  maintenance and control) .  

3.2 Equipment will be developed f o r  use as a "runwayn t e s t  bench, 
with which t he  a i rborne equipment may be lef t  i n  i ts n o m l  posi t ion i n  t h e  
aeroplane 
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e m  VII 

ADVAWDUZS OF THE C .S 3, A,S.V 23 SYSTEM OVER THE ILS SYSm 

'6he metin differences between the %WQ systew mes 

1) fi the IS, the glide path i a  obtained by uti lfzfng the phe- 
nomenon of ground reflection of horiaontally polarized waves. f t  fillowe 
that a change in  the condition of the ground (e.g. humidity), or the 
fortuitous preseqce of an obstruction on the ter ra in  may appreciably 
modify the path angle. Furthemore, parasi t ic  reflections due t o  n o d  
ter ra in  undulatfon may produce interference fr%nges, resulting in the 
appearance of pronounced ridges on the descent path, The CoSeFo sys tm 
instead uaes antennas whlch are highly dfrective and therefore do not 
re ly  on ground reflected waves for  produefig the equ i s ipa l  path. Con- 
sequently, the slope of the path is f a r  more d o m  and %s unaffected 
by terrain conditions or  s ~ o u n d f i @ ;  obstructions. 

2) The HS system uses three frequencies ts provide azimuth 
elevation gufdance, and an fndfcation of position by means ~f t%mree 
m k e r  beacons. 331 order t o  u t i l i ze  the ILS ' f t  is thus necessary %o 
have three recetvers operatgng dmzltaneously, The C.SS. system, on 
the contraryp uses a single frequency, and no more, and only one receive7 
5s required t o  obtain mntinuous incUcations ~f azimxath, elevatbfon and 
distance from LOO h out t o  the point of huchdown, Theref~re, aas%w%dt;h- 
standing the necessity for  an airborne interrogator for  the P a %  hantetim, 
the C S  ,F. has the advantage over the HIS of a saving %n both space and 
w&%ght. 

Ewewer, while the US system requires two ground transrdtters 
and three beacons, the C,S2', system uses a single transmitter w i t h  
three antennas. 

3) With the US system the distance from the runway during 
descent is indicated at  three specific pofnts o w ,  c o ~ e s ~ ~  b 
the pssftions of the three beacons located along the path a% 7 K w 3  3 h s  
and a t  the approach end of the m w q .  l4ai.nbmce and supePg.fsion of 
these beacons is diff icul t  owbg tct thei r  isola%ed pos%tfonso A fa i lure  
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of any one of the beacons w i l l  put the p i lo t  i n  a d i f f i cu l t  position 
as he will not rweive the distance signal he was expecting along h i s  
path i n  order to carry out his landing procedure , With the C .S 3, 
systera, distance is provided contbumsly even when the aircraft'- is n h  
entirely on-course, thus making it easy fo r  the p i lo t  Lo continue h i s  
approach and to complete hfs Sanding procedure at  the r igh t  time, 

4 )  Finally., in the IIS, azimuthal guidance is given by a trans- 
mitter located on the extended uentre l i ne  of the r u n w a y  and a% l e a s t  
2 &n from the stop end of the m n w a y ,  A course deviation of 0,90 would 
be sufficient t o  place an aeroplane off the m w a y  ( in  the case of 60 m 
wide runway). With the C .S 3. system, the aeroplane lands exactly between 
two course antennas located one on each side of the m a y  at equal 
distance from the  centre line. It follows that a deviation i n  course of 
10, 2O or 3O does not produce any major diffbfcul.tsy in  the operation of 
the s~s*. 
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