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TECHNICAL PAPERS

THE ULTRA -SHORT-WAVE GUIDE -RAY BEACON
AND ITS APPLICATION*

BY

E. KRAMAR AND W. HAHNEMANN
(C. Lorene A.G. Berlin, Germany)

Summary-Part I. Proceeding from the present state of the art of air naviga-
tion in the United States and in Germany, the ultra -short-wave instrument landing
system in Europe is described. The fundamental principle and the technical improve-
ments are mentioned and practical statements and views are given. Mention is made
of the experience gained in the operation of the beacon. The conditions of inversion
of the signals one into the other to avoid clicking are stated. The occurrence of split
beams is dealt with. Their causes are explained and advice as to how to avoid such
trouble is given. In the operation of neighboring beacons, disturbed zones will occur
which, by choosing the proper frequency spacing and the proper selectivity of the
receivers, may be restricted to such an extent that they will not impair the use of
radio beacons in any way. These problems are discussed more in detail.

Part II. At first the propagation of ultra -short waves is treated on the basis of
the theory of combining reflection and diffraction on the earth with respect to their
application to long-range navigation. It results that for a fixed distance and flying
height an optimum wave length range exists allowing the airplane to cover ranges of
250 kilometers and more.

The investigation of propagation results in the possibility of long-range naviga-
tion by means of ultra -short-wave beacons. The experiments made in Australia gave
very encouraging results. Examples are given for producing four beams in any
desired direction and for introducing the landing beacon in the long range navigation
system.

Finally the properties of an ultra -short-wave system of navigation are con-
sidered in comparison with the use of long -wave beacons. It becomes evident that the
ultra -short-wave system offers a number of advantages which seem to make it worth
while to treat this problem earnestly.

PART I
THE ULTRA -SHORT-WAVE LANDING BEACON AND THE

PRACTICAL RESULTS OF THAT SYSTEM f

BY E. KRAMAR

INTRODUCTION

Ir I HE RISE of commercial aviation to its present high stage of de-
velopment was, to a great extent, dependent on the progress of
air navigation. The task of air navigation is the safe guidance of

* Decimal classification: R526.3. Original manuscript received by the In-
stitute August 5, 1937.

.1. Presented before joint meeting of the American Section, U.R.S.I. and the
Institute, Washington, D. C., April 30, 1937.

17



18 Kramar and Hahnemann: Guide -Ray Beacon

the aircraft to its destination, above all during nighttime and poor
visibility.

Development has gone different ways in the various countries and
consequently the present state of the art is different in the different
countries.

In the United States, long-distance air navigation, that is, the guid-
ance of aircraft while flying in and above the cloud ceiling, has been
the object of much study. The long distances flown so regularly by
the great air line operating companies require a special carefully oper-
ated system of air navigation. This has been facilitated by the creation
of the long -wave radio range beacon for long distances which has over-
come the influence of night error by means of the transmission -line
antenna.

In European countries at the beginning of the rise of aviation the
problem was less difficult because of the lower density of air traffic. In-
struments and experience of maritime navigation were made use of to
a wide extent and were gradually transformed in order to serve new
purposes. Thus the scheme of the German flying organization was as
follows: The commercial air liner is equipped with a long -wave trans-
mitter and receiver for wireless communication. Ground stations, every
one of which covers a fixed flying area, determine by means of loop
direction finding receivers the position of the aircraft and give it the
instructions necessary for safe operation. A great deal of responsibility
is, therefore, left to the ground organization. It is primarily for its
relief that the help of homing devices was recently taken up as well as
the development of better landing methods by means of radio.

The problem of landing during bad visibility came to the fore-
ground as soon as long-distance flying sufficient for the demands of
air traffic in Europe had been established. The electric expedients to
be employed for that purpose had to show two principal properties;
i.e., first, a range restricted as much as possible, and second,, freedom
from all kinds of disturbances as far as possible. Examining the wave
spectrum from this point of view for waves suitable for the purposes
mentioned, it is found that the ultra -short waves appear to meet these
conditions on the strength of the law of their propagation and because
of their being little subject to disturbances, particularly of atmospheric
origin. With regard to propagation, the greatly reduced reflection from
the Heaviside layer is the deciding property in the use of ultra -short
waves for short -distance signaling. Consequently, the range in general
is well defined, extreme variations of range being encountered only on
rare occasions. The properties of propagation will be discussed more in
detail in PART II. For the moment it may be stated that we are able to
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calculate the receiving intensity with a high degree of precision be-
forehand.

Fig. 1 shows a set of field strength curves corresponding to a stand-
ard 500 -watt transmitter. By selecting the proper transmitter height
and power the ranges may be fixed within certain limits as desired. The
wave band below 10 meters thus proves to be especially suitable for
simultaneous operation of a large number of transmitters on the same
wave length. Even with high power it is possible to use the same wave
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Fig. 1-Variation of field strength with flying altitude and distance based on a
transmitter power of 500 watts.

length for instrument landing systems with comparatively short sepa-
rating distances. This is explainable by the fact that an airplane
making a landing operates near the beacon while the field strength is
very much greater than that of an interfering signal that might arrive
on occasions from a distant point by way of the Heaviside layer. The
above considerations have led us to apply this sort of waves to the
electrical instrument landing system. On the strength of these con-
siderations and suggestions the well-known ultra -short-wave beacon
of C. Lorenz A. G. was built.

THE ULTRA -SHORT-WAVE INSTRUMENT LANDING SYSTEM IN EUROPE

The beacon was first used for instrument landing purposes as
planned in the original development program. Our expectations con-
cerning the properties of propagation and freedom from disturbances
have been perfectly realized. By making use of ultra -short waves, those
airdromes which are most used for international traffic may be
equipped with landing devices operated on the same frequency. This
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eliminates tuning of the airplane receivers in addition to other ad-
vantages. Ultra -short waves also have the advantage of relative free-
dom from disturbances, especially of atmospheric origin. The paper by
Diamond and Dunmore,' gave the impetus to European development
in 1932. First of all it was necessary to adapt the well-known beacon
principle to the ultra -short-wave range. As this subject has already
been discussed in detail in earlier publications; only the fundamental
principle and more recent technical improvements will be mentioned
here.

R ID

Deflection by one Reflector Alternative Keying

Fig. 2-Antenna and antenna keying arrangement.

(a) The Fundamental Principle
The antenna arrangement and its principle are illustrated in Fig. 2.

The round diagram of a vertical dipole D is displaced by the reflector
RI. Another reflector R2 at the right-hand side of the dipole operating
alternatively with the first produces the symmetrical diagram. The
periodical alternating keying of the diagrams in a time ratio of 1/8 to
7/8 second produces very short dot signals on one side and long dash
signals on the other side. In a central zone-the guide beam-the two
signals combine into a continuous signal. This arrangement causes an
electric "highway" determining the direction of approach. Two small
transmitters serving as distance markers take the part of the mile-
stones on that highway.

Fig. 3 illustrates the complete arrangement. The vertical shaded
plane represents the equisignal zone, on the left-hand side is the dot

' H. Diamond and F. W. Dunmore, "A radio beacon and receiving system
for blind landing of aircraft," Nat. Bur. Stand. Jour. Res., vol. 5, p. 897, (1930);
PROC. I.R.E., vol. 19, pp. 585-626; April, (1931).

2 E. Kramar, "A new field of application for ultra -short waves," PROC.
I.R.E., vol. 21, pp. 1519-1531; November, (1933); "The present state in the art of
blind landing of airplanes using ultra -short waves in Europe," PROC. I.R.E., vol.
23, pp. 1171-1182; October, (1935).

AS
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area, on the right-hand side the dash area, and in the center the posi-
tion of the radio beacon. The oval projections on the guide beam plane
indicate the radiations of the outer and the inner markers both of which
radiate upwards at a certain angle.\.Dash --- ---eo

%.
hear° P

moaner Innermorker

Aerodrome

Dot area

e

Fig. 3-Diagram illustrating the principle of Lorenz
instrument landing system.

If tl-e vertical diagram of the dipole arrangement is studied it will
be observed that in the guide beam or equisignal plane, it has the same
shape as that of a single vertical dipole as shown in Fig. 4. The club-

Direction of Approach

) Plane of Guide Ray

4 ---
Fig. 4-Radiation pattern of the main beacon.

shaped pattern of this radiation diagram is due to the reflection of the
ultra -short waves from the ground. It is shaped so that a combination
of the guide beam beacon system with the glide path system of
Diamond and Dunmore is possible.
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The operating frequencies were selected in 1933 and 1934, and
made common for European transmitters. The frequency of 33.33
megacycles was assigned to the main beacon transmitter while 38
megacycles was allocated to the marker transmitters. The use of the
same frequency for the main beacon and marker beacons would seem
obvious at first thought, but a number of tests of this scheme proved
it to be unsatisfactory, because the exact determination of position by
means of markers makes it necessary that their radiation be received

Fig. 5-Main beacon antenna system and transmitter house
installed at the Indianapolis Municipal Airport.

only within a narrow vertical cone. The directional properties of the
sending and receiving antennas must work together for that purpose.
Both are, therefore, arranged horizontally. The metal parts of the air-
craft cause the horizontal polarization of the marker beacon to be
rotated so that the vertical rod antenna of the sensitive beacon receiver
accepts too much of the radiation of the distance marker if the same
frequency is employed. This results in some loss of directional effect.

(b) Practical Statements
A few pictures will show that the instruments in use today have

already reached the form of standard equipment. Fig. 5 shows a mod-
ern arrangement of the main beacon set up for demonstration at the
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Indianapolis Municipal Airport. Fig. 6 shows the main beacon trans-
mitter and Fig. 7 the complete marker beacon; both distance markers
have the same appearance but they differ in the modulation tone and
in the keying rhythm of the radiated signals; Fig. 8 shows the marker
beacon transmitter. Fig. 9 is the central control unit from which the

Fig. 6-Main beacon transmitter.

complete ground system is remotely operated and controlled; finally
the automatic receiver and the dial instrument as they are used at
present are shown in Figs. 10 and 11. A more recent type of receiver
will be discussed later.

The routine of landing is accomplished in the following manner by
the ordinary methods of aerial navigation: The plane proceeds to a
point about 20 to 30 kilometers from the air terminal. The ultra -short-
wave landing system receiving equipment is then switched into opera-
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tion and by means of the characteristic signal the vertical plane of the
guide beam is located. This beam is followed in a direct line until the
characteristic signal and flashing of the outer marker lamp in the cock-
pit notifies the pilot that he is 3 kilometers from the edge of the air-

Fig. 7-Marker beacon showing horizontal dipole,
counterpoise, and transmitter housing.

Fig. 8-Marker beacon transmitter.

drome. Using the glide beam as a guide, the pilot then causes the air-
plane to descend, the vertical line of descent being indicated by a visual
device. At a point about 300 meters from the approach end of the run-
way, the flashing of the inner marker light advises the pilot that he is
approaching the edge of the airdrome and is in a position to land. The
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Fig. 9-Central control unit and alternating -current
power supply unit.

Fig. 10-Instrument landing receiving equipment consisting of a 33.33 -megacycle
main beacon receiver unit (top left), a 38 -megacycle marker beacon receiver
(top right), and an audio -frequency filter unit (lower left).

indications of the inner marker are given in a distinctive manner
aurally in addition to the flashing of the inner marker light.
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(c) Practical Experience
Because during the last few years the use of instrument landing

systems in Europe and throughout the world has steadily gained

Fig. 11-Aircraft instrument landing indicator showing glide path indicator
scale, the localizer right -left indicator, and the two marker beacon lamps,
0 and I.

ground, a number of problems have arisen, the solution of which has
widely extended our experience and for that reason will be worth men-
tioning here.

r 11

L
proper equisignal zone ra=b

Smsec

key clicks in equisignal zone
a =c -0.6

Fig. 12-Keying method designed to eliminate key clicks.

In this respect the properties of the guide beam are of interest. It
is generally assumed that for the production of the beam it is sufficient
to combine two complementary signals-either dash -dot or A-N-in an
equal signal zone. However, the method of blending the signals, one
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into the other is very important. The shortest interruptions of the
equal signal cause clicks which destroy the continuous equal signal
and make it difficult to follow the guide beam.

It is absolutely necessary that during the change -over from one di-
rectional diagram to the other in the equal -signal zone, equal field in-
tensity be radiated. It will be seen from Fig. 12 how this is easily
accomplished through the reflector principle provided a correct keying
of the reflectors is carried out. During the time of about five millisec-
onds when the R1 relay has already interrupted the reflector R1 but
the R2 relay has not yet closed the reflector R2, the dipole fed by the
transmitter radiates in a circular pattern providing the supplement

one zone of equisigno/

three zones of
equisigna/

wall

hangars
Paris Airport

Fig. 13-False signal zones produced by reflections from hangars at the Le
Bourget -Paris Airport.

needed in the equal signal zone. Only with the help of this idea can a
guide beam that avoids clicking be produced. Alternate keying of
larger directional antenna arrays, without attention to this detail, will,
of course, give satisfactory signals on both sides of the equal signal zone
but will not produce a satisfactory guide beam.

Another difficulty arose with the occurrence of split beams. After
a great number of beacon arrangements had been erected without diffi-
culty at various airports, this phenomenon was observed for the first
time at Le Bourget -Paris. Fig. 13 shows the local conditions and the
directional diagrams taken from different distances. It is gathered from
the picture that the disturbing influence of the big metal hangars is
not very great although they are quite close to the beacon. At a distance
of only about 200 meters the radiation reflected by the two right-hand
hangars produced such distortion that a repeated crossing of the dia-
gram occurred. The result was the appearance of not one but three
guide beams. One of them tended to disappear with increasing dis-
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tance while the other two were noticed at the maximum distance. The
repeated crossing of the diagrams is caused by a standing wave which
starts from the hangar and is easily recognized on the picture. On ac-
count of limited space in this part of the airdrome, nothing could be
done to counteract the disturbing influences. Thus is was necessary to
transfer the beacon in the direction of the guide beam to the opposite
side of the airdrome.

Fig. 14 once again calls special attention to the difference between
an undisturbed and a disturbed guide beam. The curves indicate the
intensity of the dot and dash signals compared to the total volume in
the environs of the guide beam. The upper curve crosses the zero line

east

ratio of fieldstrength
between dots and dashes.

/5 '4

equisignal zone free of 1-10%

interference 5%

degrees 6 4

dashes

west

2 4 6 degrees
5%

10%

15%

disturbed equisignal zone 15%

(Munich)

east -------
degrees 6/.

61.."
10%

5%

10%

15%

west

4 6 degrees

--a 100m
b 140. distance from

beacon-c 200
Fig. 14-Curves illustrating split beam effects produced by a near -by gas tank

at the Munich airport.

once only, which means that only at one point dots and dashes combine
into an equal signal. On both sides the signal strength increases con-
tinuously with increasing distance. In the lower part of the picture the
irregular course with disturbed radiation is clearly seen. The values
entered were taken near the beacon at three different distances. The
curves repeatedly cross the zero line at various points. This means
splitting and curving of the beam. The measurements were made by
the German Air Ministry at the Munich airport and illustrate the influ-
ence of a near -by gas tank. Its position may be seen in Fig. 15. The
curved metallic plane reflects the signals in all directions and at certain
flying heights more than ten guide beams have been observed. In order
to study the conditions, measurements were made at various points. It
was shown that the angle of elevation of the reflecting wall taken at the
transmitter defines the extent of the disturbance. At present we may
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say that even large obstacles do not exercise any influence provided
they are not erected above an angle of 1.5 degrees. The disturbances at
Munich, therefore, were overcome by moving the beacon in the line
of the guide beam away from the gas tank. The present position of the
beacon is two kilometers outside the airdrome.

Of special interest is the experience with the airship hangar of sixty
meters height on the airport of Frankfurt am Main. It showed that
the reflections by the straight metallic sides of the hangar very ac-
curately follow the rules of optics.

Furthermore it is worthy of notice that the disturbing influence of
a reflecting surface increases with an increase in the ratio of the field

equisignloine
inner marker

airport

position of test beacon

g7asxnetA

+once(beatl

definite position of landing beacon

Munich Airport
Fig. 15-Layout of the Munich airport showing position

of gas tank and interference zone.

strengths of the two signals (dot -dash or A -N, respectively) at the
point of reflection. Therefore, besides the angle of elevation the dis-
tance of the disturber from the guide beam is a factor determining the
degree of disturbance.

The rapidly increasing use of landing beacons recently resulted in
the provision of landing systems at neighboring airports. So the use of
different beacon frequencies became necessary. Of course, the standard
frequency of 33.33 megacycles was left unchanged at the large airports
carrying international traffic. Supplementary frequencies are to be used
only for emergency cases.

In the first place this development required the creation of new
types of airplane receivers. In order to simplify servicing of receivers,
the number of frequencies had to be limited as much as possible. Since
in many cases two national wave lengths in addition to the interna-
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tional one of 9 meters will be sufficient, a simple receiver for 3 wave
lengths was first developed (Fig. 16). In principle it closely resembles
the fixed -frequency type. Three operating frequencies between 8
and 9 meters are carefully pretuned and the selection of any frequency
is readily accomplished by the pilot through the use of remote switch-
ing.

For future development a special superheterodyne receiver has been
designed and built to meet three principal requirements, (1) greater
selectivity, (2) additional frequencies, and (3) wider range for the ap-
plication to long-range navigation as discussed later on.

Fig. 16-Instrument landing receiving equipment for three
fixed operating frequencies.

Regarding the selection and distribution of the various frequencies
for ground stations, several points are important and will now be dis-
cussed. The field intensity in the vicinity of the beacon is about one
thousand times the minimum required for good reception. The permis-
sible distance separation of an undesired beacon is, therefore, depend-
ent only on the frequency spacing and the selectivity of the receiver.
We shall designate a suppression factor p, indicating the ratio of how
many times greater the field intensity of a disturbing transmitter on a
neighboring frequency can be in order to provide the same receiver
volume as does the field intensity of the transmitter to which the re-
ceiver is tuned. Thus factor p is dependent on the selectivity of the
receiver and on the frequency spacing of the transmitters and can be
derived from the' resonance curve of the receiver. The range of the
disturbing transmitter by itself would be equal to that of a transmitter
p times weaker on the frequency to which the receiver is tuned.
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Consideration of cases where another beacon is located within the
range of the desired beacon is of importance. Radiation of the other
beacon is now being encountered. To what extent must it be sup-
pressed by the receiver to make certain that no error is possible? These
problems have been solved by accurate practical tests. It should be
noted that not only the appearance of foreign keyed signals in the
guide beam cause false deviations from it but beats may also inter-
fere with reception. These would be due to the difference in modulating
frequencies of the two beacons. Such beats are particularly disturbing.
The interference is most severe in the twilight zones of the guide beam
where, of course, keyed signals of the proper beacon are being received.
As a result of the beats, inversion of the signals may occur from time
to time.

Avoidance of all disturbances is only assured if the volume of the
disturbing signal in the vicinity of the guide beam of the beacon to be
followed nowhere exceeds 1/50 of the volume of the proper signal. This
figure is arrived at in the following manner: A volume difference of
5 per cent between dot and dash signals is distinctly perceived by the
ear and, therefore, defines the limits of the guide beam. If the signals of
the disturbing transmitter are received within the guide beam, their
volume must be considerably less than 5 per cent; i.e., 1/20 of the
volume of the proper signals, in order not to cause confusion. A number
of test flights showed no disturbances when the undesired signals had
less than 1/50 of the volume of the proper signals.

Outside the guide beam conditions are less critical but since the ap-
proach must start from the most critical zone, i.e., the direction of the
guide beam, no restriction is required on the beacon because, for rea-
sons of safety, the guide beam is likewise not allowed to touch the en-
virons of a second airport.

The following statements will briefly explain how the areas of im-
paired reception of the beacon can be determined. The field intensities
of two beacon transmitters are shown graphically in the vertical and
horizontal planes. (Fig. 17.) The transmitters are located at A and B.
The vertical diagram shows, in the form of two cones, the values of the
field intensities in the neighborhood of each transmitter. The horizontal
diagram indicates the useful area for a given altitude, for example, the
base of the cone. Suppose airport A is wanted. The plane receiver is
tuned to the frequency of that transmitter. As mentioned above, the
disturbance will commence at the point where the volume from trans-
mitter A becomes less than fifty times stronger than the volume re-
ceived from B. For purposes of comparison the field intensity of the
transmitter is plotted on a scale of 1/50 of its normal value. The selec-
tive property of the receiver automatically weakens B to the value of
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1/p. In accordance therewith the field strength above B is shown with
the pth part of its value. The section line of both cones designed in this
manner indicates the limits of the disturbed area. That part where the

Fig. 17-Graphical method for determining interference areas
between two neighboring beacon transmitters.

cone of transmitter B rises above the cone of transmitter A is to be con-
sidered disturbed. On the basic section this area is marked by cross-
hatching.

**     flying height. 500m
distance of beacons: 30 km

-F;/ 41 10 20 30 40 50 km
A._

Fig. 18-Disturbing zones for different suppression factors between two beacon
transmitters separated by a distance of 30 kilometers.

In a more accurate analysis of the question two surprising facts are
perceived: (1) The extent of the disturbances decreases with decreasing
distance between the airports and (2) a change of the flying height has
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little influence on the values obtained. Both facts are explained by the
steeper slope of the field strength close to the transmitter. It is, there-
fore, seen in a general manner that by suitably selecting the value of p
no restriction of the use of the landing beacon occurs as long as its
guide beam does not touch upon the neighborhood of a second radio
beacon equipped airport.

In order to explain more accurately the value of p, we draw atten-
tion to the fact that the value chosen for Fig. 17 is 250 (50 decibels).
This corresponds to the value obtained with the standard tuned -radio -
frequency receiver at a frequency spacing of 0.5 megacycle; with the
later superheterodyne type at about 100 kilocycles. Fig. 18 shows the
disturbing zones with different suppression factors p, for two beacons
of the same power separated by a distance of 30 kilometers. The dis-
turbing zones demonstrate the space allowed between the guide beam
corresponding to beacon A and beacon B without exceeding the dis-
turbing ratio of 1:50. Frequency spacing of the beacons and the
selectivity of the receiver are determining factors in the extent of the
corresponding disturbing zone. The tangent from beacon A to the
marked disturbing zones gives in every case the closest approach of the
guide beam to the area of beacon B.

Summarizing it may be stated that during the operation of a large
number of landing beacons it has been possible to gain considerable
experience and to solve satisfactorily a number of new problems that
came up in connection therewith, so that the landing beacon has now
become an important aid to flying safety.

PART II
THE APPLICATION OF THE ULTRA -SHORT-WAVE

GUIDE -RAY BEACON FOR LONG-RANGE
AIR NAVIG ATION

By W. HAHNEMANN

INTRODUCTION

The ultra -short-wave landing beacon for poor visibility has already
reached a high degree of technical development. At many airports in
many countries it has proved to be very useful and has contributed to
greater safety of air transportation. It is to the credit of these installa-
tions that scheduled flights on the European air routes are carried out
so punctually that they may be favorably compared to the railroads.
This is of particular significance in countries where weather conditions
are unfavorable for flying. Fig. 19 gives an idea of the extensive use of

f Presented before Silver Anniversary Convention, New York City, May
10, 1937.
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the system. Approximately 35 Lorenz ground equipments have been
installed in various parts of the world, 14 of which are in Germany.
About 200 receivers have been installed in planes engaged in air trans-
portation in various countries.

The Lorenz system as used in Europe was recently brought to the
United States. We know it will need modification to meet American
flying conditions but we are confident that with the criticism and as-
sistance of American pilots and radio engineers the Lorenz system can
be developed to meet the special requirements of American aviation.
We feel that the fundamental principles of our system are sound and
will be a useful contribution to safety in air navigation in the United
States.

Fig. 19-Map showing the locations of Lorenz poor -visibility
instrument landing systems in Europe.

Whereas, for bad weather landing purposes the ultra -short waves
are used as a radio means of navigation, long-range navigation of air-
craft, that is, flying from airport to airport, is operated almost exclu-
sively on medium wave lengths.

The use of a number of groups of frequencies naturally requires,
from a technical point of view, the provision of a considerable amount
of radio apparatus with added requirements for space and weight in
the aircraft. It is obvious for one to inquire into the feasibility of ex-
tending the use of the ultra -short-wave band to long-range navigation.
A system of ultra -short-wave beacons installed at suitable points along
the airways would be a possible method of carrying out such a scheme.
It should be pointed out that we are making no recommendations as
to a final system at this time, but are merely setting forth our ideas and
suggestions in order that they may be considered in connection with
future planning and development in the air navigation field.
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(a) The Propagation of the Ultra -Short Waves

In discussing the question of the applicability of the ultra -short-
wave beacon to long-range navigation purposes we shall begin with the
range problem; i.e., the conditions of propagation will be dealt with in
order to determine the ranges to be expected. The laws of ultra -short-
wave propagation have been the subject of much study during the last
few years.

When we began with our fundamental experiments with ultra -short-
waves in the years 1925 to 1928, it was first assumed that they followed
optical laws and that their range was limited to the range of visual
sight. However, ultra -short waves and especially the longer waves of
the ultra -short-wave band proved to have a considerable effect far be-
yond visual sight. In this connection reference may be made to the later
work of Schelleng, Burrows and Ferrell,' of Englund, Crawford and
Mumford,4 of Trevor and Carter,' of von Handel and Pfister,' and of
others. The result of all these researches was as follows: Within the
range of sight a number of phenomena occur tending to increase the
range of ultra -short waves far beyond that of vision.

Diffraction of the rays along the spherical surface of the earth has
proved to be a very important factor in extending the range of ultra -
short waves. The mathematical basis of the problem assuming an infi-
nitely conducting earth was published by Poincare, Watson, and
Laporte. Later on, the theory was extended to finite conductibility.
On the supposition of complete absorption by the earth, Epstein' cal-
culated the diffraction problem of ultra -short waves according to
Huyghens' principle.

The reflecting property of the earth's surface must also be consid-
ered as it has a pronounced effect on the radiation diagram of the
transmitting antenna, depending on the ground constants and height
of the antenna above ground. The curvature of the earth must be taken
into account when studying the "interference" effect of ground reflec-
tion on propagation.

Von Handel and Pfister' of the German Research Laboratory for

3 J. C. Schelleng, C. R. Burrows, and E. B. Ferrell, "Ultra -short-wave
propagation," PROC. I.R.E., vol. 21, pp. 427-463; March, (1933).

C. R. Englund, A. B. Crawford, and W. M. Mumford, "Some results of a
study of ultra -short-wave transmission phenomena," PROC. I.R.E., vol. 21, pp.
464-492; March, (1933).

6 B. Trevor and P. S. Carter, "Notes on propagation of waves below ten
meters in length," PROC. I.R.E., vol. 21, pp. 387-426; March, (1933).

6 P. von Handel und W. Pfister, "Die Ausbreitung der ultrakurzen Wellen
tangs der gekriimmten Erdoberflache," Hochfreq. und Elektroakustik., vol. 47, p.
182,(1936); "Ultra -short-wave propagation along the curved earth's surface,"
PROC. I.R.E., vol. 25, pp. 346-363; March, (1937).

7 P. S. Epstein, "On the bending of electromagnetic microwaves below the
horizon," Proc. Nat. Acad. Sci., vol. 21, p. 62, (1935).
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Air Service recently developed a theory based on the phenomena of
diffraction and reflection on the surface of the earth. Other influences
which may considerably modify the propagation of ultra -short waves
were neglected; for example, the variation of the rate of propagation
within the plane of the wave front perpendicular to the direction of
radiation or the refraction or reflection of the waves from the upper
layers of the atmosphere towards the surface of the earth; these condi-
tions are variable in effect, while the influence on range of diffraction
and reflection along the surface of the earth is always maintained.
Other variable conditions bring about a temporary and sometimes con-
siderable increase in range. For our purposes it seems preferable to
consider the unchangeable conditions only, in order to be sure that the
conclusions drawn with regard to range are valid at any time. The
ranges so calculated represent very reliable minimum values.

The field strength curves calculated by von Handel and Pfister
based on the distance from the transmitter, flying height of the re-
ceiver, height of the transmitting antenna, and wave length, corre-
spond so well to those obtained by flight tests that it seems justifiable
to discuss the ultra -short-wave ranges as indicated by these curves.

A few original curves of von Handel and Pfister, as published on
page 352 of the PROCEEDINGS for March, 1937, will be considered. First,
the curve of field intensity, especially at the limit of visual sight and
beyond, plotted against the distance of the receiver from a transmitter
(Fig. 5) is reviewed. The transmitting dipole antenna was erected 135

meters above the ground. A wave length of 7 meters was used. The re-
ceiving airplane was, in one case, 2000 meters and in the other, 5000

meters above the ground. The two field strength curves on which the
flying heights are indicated represent the calculated values. The test
figures taken by the airplane are given by the small circles. The check
between test results and calculation is obvious. It should be mentioned
that test values published by Trevor and Georges for a wave length of
73 centimeters also correspond very well to the theoretical figures of
von Handel.

Now consider the curves illustrating the relation between field
strength and distance, at various flying heights of the receiver and
for different wave lengths in the ultra -short-wave band. (Figs. 9 to 16
inclusive of the von Handel and Pfister paper.) Here the transmitting
dipole is placed 30 meters above the ground which is a height easily
obtainable in practice. The field strength values correspond to an an-
tenna power of 70 watts. Field intensities are given in microvolts per
meter on a logarithmic scale while the distances in kilometers are
plotted on a linear scale. Each individual curve covers only the range

i B. Trevor and R. W. George, "Notes on propagation at a wave length of
seventy-three centimeters," PROC. I.R.E., vol. 23, pp. 461-469; May, (1935).
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beyond the line of optical sight for the altitude of the ship correspond-
ing to the particular curve. Flying heights from 50 meters to 6000

meters are assumed.
In general the following observations may be made: The decrease of

field strength within the range indicated and on a logarithmic scale is
almost a straight line. With the same wave length, the curves of differ-
ent flying heights are almost parallel and are higher for greater flying
height. The slope of the curves is steeper, the shorter the wave length.

With the help of the curves we can now determine the range ob-
tainable for any specified minimum field intensity, flying height, trans-
mitter power, and transmitter antenna height. Let us assume that the
receiver requires a minimum field strength of 50 microvolts per meter
which appears to be satisfactory for modern superheterodyne receivers,
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Fig. 20-Relation between field strength and wave length for certain distances
suitable for long-range navigation.

and the transmitter delivers about 1.5 to 2 kilowatts power to a dipole
30 meters above the ground on a wave length of 7 meters. From these
curves we obtain a distance of about 260 kilometers at a flying height
of 2000 meters.

It appears, therefore, that very considerable distances can be cov-
ered at practical flying heights and with reasonable transmitting and
receiving systems. For practical use the effect of wave length on the
range is of great importance. For that purpose the curves of propaga-
tion will be given in a somewhat different form.

For example, in long-range navigation, flying heights between 500
and 2000 meters, a transmitting power of 1.75 kilowatts, and a dipole
height of 30 meters may be assumed. The curves show the relation be-
tween field intensity and wave length for certain distances suitable for
long-range navigation.

In Fig. 20, field intensities as well as wave lengths are plotted on a
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logarithmic scale. The curve picture shows the remarkable fact that
for distances beyond the limits of visual sight there are optimum wave
lengths at which the received field intensities are maximum. With
greater distances the optimum wave length becomes longer. Further
investigation shows the relation between flying height and wave length.
With other conditions unchanged the optimum wave length is shorter,
the greater the flying height. In this connection similar results pub-
lished by Schelleng, Burrows and Ferrell3 in regard to visual sight condi-
tions should be mentioned.

These facts depend on the combination of two effects. With de-
creasing wave length the ratio between the transmitting dipole height
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Fig. 21-Field strength curves corresponding to a
flying altitude of 1000 meters.

above the ground and the wave length is more favorable for long-range
operation because the angle of the lower maximum of the vertical
radiation diagram decreases; on the other hand the propagation within
the zone of diffraction weakens with decreasing wave length. These two
effects work one against the other and for certain wave lengths produce
the demonstrated optima.

With the help of the curves we can now proceed to the important
question of wave length selection.

In order to simplify the study of the 1- to 10 -meter band which is
of special interest for our purpose the curves of field intensity are repre-
sented with linear abscissas and logarithmic ordinates in the following
figures. In Fig. 21 a flying height of 1000 meters is assumed. At this
height within the entire wave range of about 1 to 10 meters and at a
field strength of 50 microvolts per meter (upper line) a range of about
200 to 220 kilometers is obtained. If longer ranges, for example 250 to
280 kilometers are wanted, the wave lengths between 4 and 10 meters
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must be used; also the transmitting power, the transmitting dipole
height, or both must be increased; if the lower line which lies at about
17 microvolts per meter in the figure is to correspond to a true value of
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Fig. 22-Field strength curves corresponding to a
flying altitude of 2000 meters.

50 microvolts per meter the transmitting power must be, for example,
4 kilowatts for a dipole height of 60 meters. To arrive at this conclusion
one must take into account the fact that the field intensity for a given
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Fig. 23-Field strength curves corresponding to a
flying altitude of 500 meters.

height of the transmitting dipole is proportional to the square root of
the transmitting power and is also proportional to the height of the
transmitting dipole.

In Fig. 22 the same group of curves is given for a flying height of
2000 meters and in Fig. 23 for 500 meters. This shows that under the
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conditions assumed with a flying height of 2000 meters and one of 500
meters, ranges of 250 to 300 kilometers and 200 to 230 kilometers, re-
spectively, can best be covered within the wave length range of about
2 to 10 meters.

Summarizing, the result of this examination is as follows: Ranges of
200 to 300 kilometers at the assumed flying heights are obtained with
certainty with a transmitting power of 1.5 to 4 kilowatts and a trans-
mitting dipole height of 30 to 60 meters within the wave length range
of about 2 to 10 meters. An optimum wave length range exists for every

Fig. 24-Lorenz ultra -short-wave beacon as installed in Australia.

distance and flying height but the dependence of field intensity on the
wave length within the range of 2 to 10 meters is for the most part not
very considerable so that this entire wave range can be used for long
range navigation over distances of 200 to 300 kilometers.

(b) Long -Range Navigation with Ultra -Short -Wave Beacons
We have seen that the obtainable ranges of the ultra -short waves

would allow their utilization for long-range navigation of aircraft at
suitable flying heights. Let us examine, for instance, the air navigation
system of the United States. A network of about one hundred radio
range beacons is spread over the whole country. The power of each
radio beacon is generally a few kilowatts while the average distance be-
tween them is about 250 kilometers; therefore, a beacon having a range
of about 200 kilometers will be sufficient in most cases. We learned from
the laws of propagation just described that we are able with certainty
to obtain such ranges in the ultra -short-wave band with the same
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amount of transmitting power. Therefore, we shall now consider in
what manner we can effectively supplement the long -wave beacons by
ultra -short-wave beacons and indicate the advantages that would re-
sult.

-For the application of ultra -short-wave beacons, practical tests
have been made lately and produced very encouraging results. Such
tests were made a short time ago at the airport of Essendon, Australia,
in co-operation with authorities of that country.

Fig. 24 shows the transmitting station used. The antenna system
was erected on a wooden tower of 30 meters height. The system con-
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Fig. 25-Method of obtaining 4 -course beacons.

sisted of the usual arrangement of one transmitting and two reflecting
dipoles at the top of the tower. The 500 -watt transmitter was placed
at the foot of the tower and supplied the transmitting dipole through a
transmission line. A wave length of 9 meters was used. With this ar-
rangement very good reception was obtained in the aircraft up to dis-
tances of about 160 kilometers at altitudes of about 2000 to 3000
meters, using a poor -visibility landing receiver of earlier design which
still required a field strength of about 300 microvolts per meter. This
result corresponds in every way to the curve values shown above.

The tests proved so favorable that it was decided to consider ear-
nestly the plan of introducing in Australia long-range navigation by
means of ultra -short-wave radio beacons instead of long -wave beacons.

The next problem now becomes that of producing more beams with
the ultra -short-wave beacon; for example, four, the angles of which
must be arranged according to local conditions.

In this connection an arrangement similar to that illustrated in
Fig. 25 may be used. Again two reflecting dipoles and one transmitting
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dipole are provided in a vertical plane. The two reflectors are so ar-
ranged that two radiation diagrams of different shapes are obtained.
Their intersecting points are so located that two beams are produced
making any desired angle between them. Two more reflectors are ar-
ranged within another vertical plane making a predetermined angle
with the first arrangement. Two more beams are thus obtained making
any other desirable angle with respect to each other and with respect
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distance between A and B about 10 km
A C 15
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Fig. 26-Method of contacting the landing beam from the range beacon.

to the first two beams. In order to avoid interference between the two
pairs of reflectors, the two systems are operated on different wave
lengths. The transmitting dipole which is common for both antenna
systems is fed on both wave lengths. The two systems can most easily
operate alternatively at short intervals and will thus produce four
guide beams making any desirable angles with respect to each other.

Finally we have to consider the transfer of the approaching airplane
from the long-distance navigating beam to the landing beam. This is
easily rendered possible if the airdrome is near a range beacon as will
usually be the case.

An example of such a flight approach will be illustrated with the
help of Fig. 26. The range beacon with four guide beams is located at
point B. The ultra -short-wave landing beacon is situated near the air-
drome (point A). Whatever direction the guide beam of the landing
beacon may have, it will never be too far off to meet one of the guide
beams of the range beacon. The aircraft following one of the legs of the
range approaches until it either meets with the beam of the landing
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beacon or passes the long-range beacon. In the latter case it will follow
the beam that meets the guide beam of the landing beacon. From the
junction point on, it follows the beam of the landing beacon and in this
way safely reaches the airport. Another example with the beams ar-
ranged in another manner is shown in Fig. 27.

From the above we see that long-range navigation by means of
ultra -short waves is entirely possible. If now we consider the proper-
ties of such a system of navigation in comparison with the use of long -

landing

A

long range

distance between A and 8 about 5 km
. A .

C
.

15 .

beacon
aerodrome
inner marker

outer marker

Fig. 27-Method of contacting the landing beam with another arrangement
of landing and range beacons.

wave beacons the following advantages for long-range navigation are
demonstrated:
1. A wave length band completely separated from that for communica-

tion purposes may be used for air navigation. The separation of
communication and navigation in regard to wave length means a
great simplification and increase in safety.

2. The limited and comparatively well-defined range of the ultra -short
waves enables repeated assignment of the same wave lengths with-
out fear of mutual interference.

3. Within the proposed wave length band there is sufficient space at
this time for the installation of a more extensive network of airways
without increasing the number of wave lengths. At the same time
the medium wave range would be relieved. This would be of great
advantage for the safety of traffic.

4. Of the greatest importance is the complete absence of atmospheric dis-
turbances, night errors, and detrimental reflections from mountains
within the ultra -short-wave band. Not even heavy thunderstorms
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can hinder the proper operation of the system whereas with the
long waves thunderstorms and atmospherics sometimes prove so
serious that radio navigation becomes unreliable. Disturbances that
may occur on ultra -short waves are of local nature (by ignition from
the engine) and may be overcome effectively by careful installation
of the receiver on the aircraft; furthermore these disturbances are
quite independent of changing weather conditions and with ade-
quate care are eliminated by the operating staff on the ground before
flying.

5. The antenna system required for the ultra -short-wave beacon is not
complicated. The small dimensions enable simple and sturdy design.

6. For reasons of flight as well as of expense great advantages can be
obtained in the plane for with one ultra -short-wave receiver we can
perform the functions for which quite a number of instruments are
now necessary.
a. Long-range navigation by means of ultra -short-wave beacons,
b. Use of marker beacons between the landing fields,
c. Location of a vertical landing plane with the aid of marker bea-

cons determines the exact position of the aircraft on the approach
path,

d. Reception of the outer and inner marker signals and thereby
preparation for safe landing,

e. Finally the glide path landing of Diamond and Dunmore.
As mentioned above this description of the use of ultra -short-

wave beacons for long-range navigation is to be taken only as a sug-
gested method for providing a modern radio beacon system for air
traffic. Undoubtedly, before adopting such a new application of the
ultra -short-wave beacon it would be necessary to carry out more ex-
tensive tests. On the other hand, the results so far obtained with
ultra -short-wave radio beacons for long-range navigation are most
encouraging and it would seem worth while to attack this problem
earnestly. The above information is intended to be of assistance to
that end.
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