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UltraMShort Wave Radio Landing Beam 
The C. Lorenz-A.G. Radio Beacon Guide Beam System 

By R. ELSNER AND E. KRAMAR, 
C. Lorenz-A .G., Berlin-Tempelhof, Germany 

W

ITH modern methods of aerial naviga
tion and growing air traffic density, 
electrical landing facilities are of con

stantly increasing importance. Under unfavor
able weather conditions they are indispensable 
to successful aircraft operation. 
Preliminary to a description of the essential 

advantages of the C. Lorenz-A.G. ultra-short 
wave system, it may be stated that basically, it 
provides radio telegraph reception indicating the 
approach path to the airport and, similarly, two 
distance markers governing the landing process. 
When developing the system, the guiding princi
ple was to employ radio only for such purposes 
as could rtot be accomplished by other means, 
and at the same time provide a receiver which 

Dot Area 

would be electrically independent of that used 
for communication purposes, thus reducing the 
manipulation on board to a minimum. In view 
of these considerations and with due regard to 
factors such as interference from landing beacons 
of neighboring airports, the operating frequency 
had to be chosen. Because of their definitely 
determined operating ranges, only frequencies 
over 30 megacycles could be considered, both 
for the radio beacon itself and for the marker 
beacons. 
The direction of approach in the C. Lorenz

A.G. system is based on the beacon principle, 
giving side or boundary indication of the landing 
path ; and, also, at two points along this path, 
signals serving as distance markers, and indicat-
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Fig. 1-Guide Beam Landing Radio Beacon-Lorenz System. 
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196 E L E C T R I C A L  C O M M U N I C A T I O N  

ing to the pilot the distance of the machine from 
the landing field (Fig. 1 ) .  
Ultra-short waves, with their lines of constant 

field strength, may be utilized under specific 
circumstances in vertical navigation as electrical 
landing curves ; but they have not been thus 
applied in Germany during the last part of the 
landing process despite the fact that experiments 
have indicated their practicability under certain 
conditions. Difficulties in their application lie 
mainly in the fact that the course of their curve 
does not correspond to the natural glide path. 
These difficulties have been overcome with the 
help of clockwork regulating instruments which 
reshape the normal indication obtained by means 
of the beam into a straight glide path. The 
experimentally tested glide path (Gleitweg) 
process, with due regard to certain attendant 
circumstances, can be utilized as, for example, 
in Switzerland , where the glide path is followed 
down within a few meters from the ground. 
The equipment of the ground station is the 

same, irrespective of whether the method of 
electrical vertical navigation is employed or that 
at present utilized in Germany, viz . , of landing 
at a constant rate of descent (Fig. 2) . 

Outline of the Approach and Landing Proc
ess in the C. Lorenz-A.G. Ultra-Short 
Wave Guiding Beam System 

If, in consequence of poor visibility due to fog 
or other conditions, landing by means of a radio 
beacon beam is necessary, the pilot guides his 
machine to the vicinity of the airport (a zone of 
approximately 30 km. radius) by existing means 
of direction finding or homing. By means of the 
tone modulated signals radiated by the main 
beacon, he reaches the approach path marked 
by this beacon. For the reception of the beacon 
signals an automatically operating receiver is 
used, furnishing the pilot with both aural and 
visual indication of the position in the horizontal 
plane of the machine with respect to the guiding 
beam of the radio beacon. The approach path 
sector, as is well known, is defined by the inter
section of two radiation diagrams produced by 
the alternate operation of two reflector dipoles 
(Fig. 3) .  Should the airplane be outside of this 
approach path, short dots are heard on the port 
side, or dashes on the starboard side. Diver-

gencies off the course are again indicated both 
aurally and visually (Fig. 4) .  By intermittent 
deflections to left or right of the received signal, 
the indicating instrument shows the direction in 
which the pilot should steer his machine in order 
to reach the approach path in which the (comple
mentary) signals, by merging into one another, 
become a continuous note. At the moment when 
the continuous note is reached, the direction indi
cator comes to rest and indicates to the pilot that 
he should maintain his course for a safe landing 
at his destination. 
During the approach , the pilot gradually 

decreases his height to about 200 meters. At 
about 3 km. from the boundary of the landing 
field when reaching the outer marker beacon 
signal, lamp ("V") on the left-hand side of the 
visual indicator apparatus lights up and, at the 
same time, a deep note (700 p : s) is heard in 
the headphones. The pilot then throttles back 
and gliding down at an approximately constant 
rate of descent reaches the admissible minimum 
height at the inner marker beacon. The inner 
marker beacon signal is given at a distance of 
0.3 km. from the boundary of the landing field-a 
few seconds before the machine reaches this 
boundary-and is conveyed to the pilot by a 
rhythmic short-keyed high note as well as by the 
lighting of the right-hand lamp H in the visual 
indicator equipment. The pilot now knows that 
there are no obstacles to his flight in the final 
section of the landing path and can, conse
quently, further reduce the height of flight in 
order that he may bring his machine down safely 
even when ground visibility is at its worst. 
This briefly described landing method is used 

to a very great extent in Central European 
traffic. It consists in the determination of the ap
proach course to the airport as well as in the 
transmission of signals which mark two im
portant distances from the boundary of the land
ing field and which are involved in the process of 
landing. This landing method, employing land
ing beacon beams of the type used in the C. 
Lorenz-A.G. ultra-short wave system, is being 
increasingly applied in European air traffic. 

The Design of the C. Lorenz-A. G. System 

The Lorenz system of navigation necessitates a 
"ground station" at the airport, and the installa-
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Fig. 2-Schematic A rrangements of Landing Method in the C. Lorenz-A .G. Ultra-Short Wave Guide Beam Process. 
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198 E L E C T R I C A L  C O M M U N I C A T I O N  

tion of complementary receiving equipment 
("plane station") in the airplane. For the ground 
station , central and fully automatic remote 
control both of the main transmitter and of the 
marker transmitters is provided. On the control 
panel, indication of the correct working of all 
three beacons is provided by means of similar 
revertive signals. The airplane receiving set is 
fully automatic in operation ; it employs a mini
mum number of valves, is simple in design, and 
is light in weight. The necessary range is ensured 
by an adequate design of the ground station. 

The ground equipment comprises a 500 watt 
guide beam beacon transmitter together with 
two or four small (5 watt) transmitters for the 
transmission of the "signals, " according to 
whether one or two directions of approach flight 
are provided for (Fig . 5 ) . The remote control of 
all transmitters takes place from a central 
control set ("control station") where, also, the 
revertive signal impulses for the supervision of 
traffic are made perceptible. All the transmitters 
are crystal controlled, operating on ultra-short 
waves and are designed for all mains operation. 
They are supervised in every phase of operation 
by means of visual and audible indications at 
the "control station. " These measures doubly 
ensure the operation of every component part 
and guarantee a high degree of reliability for the 
system as a whole. They represent an absolute 
necessity for purposes of landing when visibility 
is bad. 

(a) The Radio Main Beacon Transmitter. The 
requirements for this transmitter emerge from 
the physical bases of the landing method em
ployed in the C. Lorenz-A.G. system. In addition 
to necessary constancy of radiation to provide 
constant field strength , the navigational signifi
cance of "beacon" radiation requires a high 
frequency stability as well as an adequately 
constant degree of modulation. Fundamentally, 
the circuit employs a crystal controlled oscil
lator stage from which the operating frequency 
Cf B = 33 .3 megacycles) is amplified in four stages 
and, by means of the grid potential , the fourth 
stage is tone modulated. The transmitter is 
shown in Fig. 6a, where the disposition of the 
constituent equipment may be seen. In the lower 
part are housed the component aggregates for the 
power supply which, in addition to the ventila
tion devices for the transmitter container, also 

Fig. 4-Visual Indicator Equipment Mounted on the 
Dashboard of a Commercial Airplane in Con}unction with 
Other Navigational Instruments. 

include the high and low tension rectifiers 
(selenium rectifiers and smoothing devices) . 
Above this equipment are the component sections 
intended for the circuit distribution of the feed 
potentials including all the associated testing 
instruments and also the auxiliary devices used 
for modulation of the operating frequency and for 
the keying of the associated radiation system. 
Near the cast iron transmitter container, a 
quick acting voltage regulator operates from the 
local 3-phase mains regulated to ±0.5%. The 
beacon transmitter is installed in a specially 
provided, small brick building from which feeder 
and keying lines connect to the radiator system. 
The latter consists of an energizing dipole, which 
is fed from the transmitter terminal stage, and 
on both sides of which a reflector dipole is placed 
at an interval of A/4. These , with the energizing 
dipole, are in a plane vertical to the guide beam 
plane and are fed by radiation coupling. The 
complete vertical radiation system is mounted on 
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stiffened wooden masts erected directly in front 
of the beacon building (Fig. 6b) . 

(b) The marker beacon (signal) transmitters 
function on an operating frequency of fE = 38.0 
megacycles and differ, from a high frequency 
aspect, from the beacon transmitter only in the 
number of amplifier stages (Fig. 7) .  According 
to the purpose for which they are to be used, 
the modulation frequency is either 700 p : s (for 
the outer marker beacon signal) or 1 ,700 p : s 
(for the inner marker beacon signal) ; the allo
cated keying series are shown in Fig. 8. The 
current supply of the signal transmitters is 
arranged for mains connection, the anode and 

initial grid potential being obtained by means of 
dry rectifiers. The transmitter itself is of a rigid 
and concentrated design and includes complete 
mounted keying and revertive signal equipment 
as well as all the accessories. 

In addition to being remotely controlled all 
transmitters can be put into operation locally by 
means of switching devices which are conven
iently accessible on the transmitter front panel. 
In practical operation they are normally con
nected and disconnected from the "control 
station" which is generally installed in the 
control tower of the airport. 

(c) Transmitter Radiation Fields. The arrange
ment of the radiation fields, in relation one to 
another, is illustrated in Fig. 1 .  It shows how the 
approach path sector-produced as a result of 
the keying rhythm of the main transmitter by 
the alternating operation of the reflector dipole 

-is intersected at two characteristic points by 
the two radiation fields of the signal transmitter. 

With regard to all the transmitters, the follow
ing may be said : in principle, importance is at
tached to easy manipulation and control of the 
correct operation of all the component apparatus. 

The transmission of the marker signals neces
sary to the landing process is effected by the up
wardly directed, horizontal dipoles of the signal 
transmitters. The correct time period of reception 
(so-called wall strength) of the marker signals 
during flight is obtained by influencing in a 
simple way the radiation field of the horizontal 
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Fig. 5-Plan of a Complete Ultra-Short Wave Radio Beacon Landing System (C. Lorenz-A .G. System). 
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200 E L E C T R I C A L  C O M M U N I C A T I O N  

Fig. 6-Radio Beacon Guide Beam Transmitter. (a) The 
Beacon Transmitter Inside the Protecting Hut. (b) The 
Hut with Complete Radiation System. 

dipoles. By a suitable arrangement of a wire 
netting, which may be regarded as a reflecting 
surface, it is possible with the dipole placed at 
about 'A/2 above the surface to attain the required 
vertical radiation, the separation of the dipole 
from the reflection surface being considerably 
less at its center because of the curvature of the 
netting (Figs. 9a and 9b) . Fig. 10 shows the 

characteristic curve of this vertical radiation. 
The marker transmitter is housed in a wooden 
hut below the netting. 

Operation of Ground Station. As already men
tioned, the easy supervision at any time of the 
operation of all component parts is of exceptional 
importance in view of the purpose of the system. 
This is accomplished by means of visual and 
audible signals on the same apparatus from which 
the switching is done. The "control station" is 
accordingly the nucleus of the navigational sys
tem and, at the same time, the agency that regu
lates and supervises the manifold switching 
processes pertaining to traffic operations. The 
operating control of all transmitters is based on 
the revertive signal process : the mains voltage 
and demodulated antenna currents from all trans
mitters are carried back to, and suitably indi
cated at, the control station. The same operating 
supervision directly at the individual transmit
ters themselves is also provided. 

In practice all transmitters are put in operation 
by means of one main switch on the remote 
control panel. 

When planning the ground station the direc
tion of approach to the airport for (perfect) 
landing is determined with due regard to the 
direction of the wind. 

The main switch on the remote control panel 
with its corresponding control contacts indicated 
in color on the panel is so arranged that by 
switching either to one or the other side the 
appropriate marker beacons for that particular 
direction of approach are brought into operation. 
Simultaneously, by the same means, the keying 
of the beacon transmitter is adjusted in a manner 
such that dots are always transmitted to the port 
side of the course. These measures obviously add 
to the degree of safety in the carrying out of this 
navigation process. 

On the front panel of the "control station" 
(Fig. 1 1 )  colored signal lamps show the presence 
of mains voltages and meters show that the 
transmitters are actually working the needles of 
these meters, swinging in the keying rhythm of 
each particular transmitter. Along with these 
purely visual signals, arrangements may be made 
for listening to the different keying signals and 
modulation frequencies by means of telephone 
control . Furthermore, any trouble is indicated 
acoustically by the operation of an alarm whistle 
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Fig. 7-Keying Sequence. 

Fig. 8-"Signal Transmitter" with Mains and Antenna Cable Connected. 
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202 E L E C T R I C A L  

Fig. 9a-Complete Signal Trans
mitter System. 

C O M M U N I C A T I O N  

and visually by the warning signal of a drop 
indicator. In addition , simple means are provided 
for the quick testing of all control and revertive 
signal lines to all transmitters. 

Revertive signal equipment which, in par
ticular, is intended for checking the dipole relays 
and which is mounted near the transmission line, 
is an additional means of supervising locally the 
beacon transmitter. 

The plan in Fig. 5 shows the fundamental de
sign of the ground station in its electrical associa
tion with the central control and supervisory sta
tions provided for two directions of flight and, 
correspondingly, four signal transmitters. The 
spacing of the complete ground system is depend
ent on the position of the airport and, above all, 
upon the immediately surrounding conditions. 
It is, therefore, determined as occasion arises. 

The Airplane Receiving System (Airplane Set) 
for Landing Purposes. The airplane receiving 
system serves to receive the high frequency sig
nals which follow one another successively on the 

Fig. 9b-Signal Transmitter Erected in Wooden Hut under the Reflector Arch. 
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Fig. JO-Radiation Characteristic Curi1e of the Signal Transmitter. 

principle of the landing method. It consists of the 
receiver and two associated receiving antennae. 
The apparatus for the pick-up of the beacon fre
quency is a simple amplifier which has a high 
frequency amplifier stage, a detector, and a low 
frequency amplifier. Automatic amplifier regu
lation maintains the sound volume fluctuations 
in the headphones (Fig. 12)  within admissible 
limits even with very considerable field strength 
alterations during flight .  A special detector, 
mounted in its own metal container, is provided 
for the reception of the marker beacon signals. 
It retransmits the demodulated tone frequencies 
of the outer marker beacon signals to the low 
frequency amplifier of the beacon receiver. Here, 
therefore, all three modulation notes of the 
ground transmitter are amplified. A filter net
work (frequency filter) , adjusted to the existing 
tone frequency, filters the modulation frequencies 
of the marker signal transmitter (700 p : s or 
1 ,  700 p : s, respectively) and passes these low 
frequency voltages on to the visual indicator 
apparatus� During the approach to the radio 

Fig. 11-The "Control Station." 
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beacon, an approximate idea of its distance is 
obtained by means of a vertical indicator instru
ment which is in the visual indicator set and 
which is connected through a rectifier to the low 
frequency amplifier. The modulation frequency 
of the main beacon ( 1 , 150 p : s) governs the 
amplifier regulation as well as the indication of 
distance and divergence to the side. Special 
equipment, which is connected to the low fre
quency amplifier through a rectifying arrange
ment, and which is mounted horizontally in the 
instrument container of the visual indicator set, 
indicates divergences to the side and serves to 
clearly determine the course of the airplane. Dur
ing flight, a switch mounted in the operating set 
on the dashboard of the airplane is placed in the 
"approach" position, and amplifier regulation is 
effected. (For the purpose of glide path landing
vertical navigation-this switch is thrown to 
"glide path " at the outer marker beacon signal , 
whereupon automatic amplitude regulation is 
disconnected.) The airplane battery provides the 
power supply for the receiving set and operates 
the converter ; the latter supplies power for the 
filament lamps as well as the necessary voltage 
for the anode circuit of the amplifier. An example 
of a typical installation of an airplane set in 
an airplane of the "Deutschen Luft-Hansa" is 
shown in Fig. 13.  

Delee/or 
7.9m. 

A vertical dipole about 90 cm. in length , con
nected through a suitable transformer to the 
receiver input, serves as an antenna for the 9 
meter wave of the beacon transmitter (Fig. 14) . 
A horizontal dipole consisting of two copper tubes 
about 1 meter in length is used for the reception 
of the marker signals. These copper tubes are 
fastened at an interval of about 5 cm. along the 
airplane and under the fuselage by means of 
streamlined supports, and are connected through 
a transformer to the detector. The complete air
plane receiving equipment, accordingly, consists 
of the beacon receiver, which contains the com
mon low frequency amplifier, the detector, and 
the frequency filter, as well as the battery box 
or a rotary converter. On the dashboard of the 
airplane is mounted the visual indicator set which 
includes the two instruments indicating the dis
tance and the deviation from the course as well as 
the two signal lamps. 

Ultra-Short Wave Landing Radio Beacons 
in the European Air Communications 
System 

If it be recognized that adaptation of the 
requisite ultra-short waves to this landing proce
dure makes normal aircraft radio communication 
on medium waves for additional direction find-

700/fz 

!'li'kr 
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Fig. 12-Fundamental Circuit Diagram of the Airplane Set. 
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Fig. 13-Installation of a Receiving Set in Goods Carrying"Airplanes Belonging to the 
Deutschen Lufthansa. 

ing indication unnecessary and, also, that the 
normal airplane radio equipment is available for 
communication purposes during the last minutes 
prior to landing, a very essential advantage will 
have been achieved from the viewpoint of the 
service organization ; this, quite apart from the 
fact that navigation on ultra-short waves is, in 
practice, not interfered with by simultaneous 
transmission and reception on medium waves . 
Furthermore, the ground equipment necessary 
for this landing method is designed so that it can, 
without difficulty, be introduced into existing 
ground station radio organizations. As early as 
the year 1932,  under the direction of German 
Air Authorities, an experimental system was 
erected by C. Lorenz-A.G. for bad weather 
landing at the Berlin-Tempelhof airport and was 
demonstrated to those attending the Interna
tional Air Service Conference in January, 1933 . 
The next conference (Geneva, 1934) , also the 
Meeting of Experts (Paris, November, 1 933 ,  
and Warsaw, September, 1 934) , dealt with the 
improved design of this system and determined 
the operating frequency for the guide beam 
beacon as well as for the marker beacons, 

together with the associated modulation fre
quencies. These decisions and further practical 
experience led, during the last two years, to a 

rapid extension of the landing radio network in 
Germany and, from time to time, other European 
countries have adopted it. Today, the following 
German state airports are equipped with radio 
landing systems :  Berlin, Breslau, Danzig, Leip
zig, Frankfurt a/M . ,  Hamburg, Hannover, Koln, 
Konigsberg, Miinchen, Niirnberg, Stettin, and 
Stuttgart. Amongst foreign airports, the follow
ing already have complete sets : London (three 
radio landing systems) , Milan, Paris, Stockholm, 
Warsaw, Vienna, and Zurich ; similarly, Japan 
and Russia. 

These radio landing systems are in preparation 
for Budapest, Prague, Rome, Venice, as also for 
Poland, Australia ,  South Africa, and South 
America. 

In view of the great significance of the air 
service in modern communications, the landing 
radio beacon offers security facilities which can no 
longer be disregarded. It is, in fact, fundamental 
to developments in the important branch of 
aeronautics pertaining to safety. 
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Fig. 14-The Antenna Arrangements of the Airplane Set. 
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