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The Awards Committee of the IEEE Professional Technical Group on Aero-
space and Navigational Electronics has named Ernst Ludwig Kramar as
recipient of its annual Pioneer Award
The naming of Dr. Kramar is principally in recognition of his technical

contributions to development of instrument landing systems (ILS). The award
is also a tribute to his inventiveness as applied to many other areas of radio
navigation, including the Sonne (Consol) system and various types of radio
ranges and direction finders.
The state of perfection of present ILS is due to the contributions of many

persons and organizations in various countries, dating back to the 1920's.
Two important landmarks are due to concepts credited largely to him. One
was the development of the first ILS operating completely at VHF; known as
the "Lorenz System," it was the first ILS to be installed in numbers for opera-
tional service at airports. The other was his later proposal for a way to replace
the early constant-intensity type of glide path with an equisignal type, straight-
line glide path.

Details on the life and work of Dr. Kramar are given in the accompanying
biographical sketch.

D. G. C. LUCK, Chairman
PTGANE Awards Committee
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(With Historical Sidelights on ILS and Sonne)

E RNST LUDWIG KRAMAR (SM'61) was born
on June 15, 1902, in the town of Kladno, near
Prague (at the time, Austria). He has been a Ger-

man citizen since 1932. He is a graduate in electrical
engineering of the German Technical University in
Prague, which he attended from 1920 to 1925. In 1927
he received the Dr.-ing. (Doctor of Engineering) degree
from the Technical University of Dresden, Germany. In
that year he started his professional career by joining the
firm of C. Lorenz. He has continued his association with
that firm (now 'known as Standard Elektrik Lorenz, and
since 1930 a nmember company of the International
Telephone and Telegraph Corporation) to the present
day.

Starting as a radio development engineer, Dr. Kra-
mar's first activity was in design of synchronized broad-
cast station transmitters. In 1930 he began to work in
radio navigation, the field which has been his specialty
ever since, and to which he has contributed prolifically.
More than 80 patents are credited to him, as well as
several dozen papers published in German and in other-
language technical journals. From 1934 to 1939 he was
Head of the Radio Navigation Division of Lorenz, work-
ing mainly on landing systems and direction finders.
In 1939 he extended his interest to long distance radio
navigation aids. During the period 1945 to 1949 Dr.
Kramar performed, on behalf of Lorenz, technical
services for the American Military Government in
Germany. His position, since 1953, is that of Director of
Development of Radio Aids to Navigation at Lorenz.
Since 1955 he has been concentrating on the application
of FM and Doppler techniques to wide baseline, high
precision radio beacons and direction finders.

Some of Dr. Kramar's early contributions fore-
shadowed later developments in radio beacons of the
rotating antenna, phase comparison and talking beacon
types. Among his achievements are two nmajor ones
which were closely guided by him from invention,

The biographical-historical sketch on the Pioineer Award againi has
been prepared for the PTGANE Awards Committee by its Secretary-
Historian, Robert I. Colin, of ITT Federal Laboratories, Nutley,
N. J. The Editor
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through development, to the stage of practical equip-
ment serving aviation on a wide scale. These involve
contributions to instrument landing systems (ILS) and
to Sonne (later known as Consol).
As regards ILS, the first proposals of the basic prin-

ciples which underlie that system and a variety of other
navigation aids are in German patents issued in 1907
and 1916 to Otto Scheller, an engineer with the Lorenz
firm [1], [2]. Prior to that time, the principles of radio
direction finding had been known and applied. Em-
ployment of a directional, rotatable loop antenna at the
receiving end, on a vehicle, permits determination of
the direction (relative bearing) to a distant transmitter.
Scheller showed the way to a reverse process, using di-
rectional radio transmitters at a ground site, operating
under an ingeniously simple and effective control cycle.
His method, in contrast to direction finding, generated
one or more fixed radio paths for vehicles to follow, a
sort of invisible but easily recognized "white line along
the center of the road."

Scheller's patent of 1907 shows two pairs of spaced
antenna arrays. Each generates a "figure-of-eight" or
two-lobed directional radiation pattern; the two pat-
terns are at right angles to each other. The respective
arrays are keyed in alternation, one with Morse dots,
the other with dashes. Along the four directions coin-
ciding w ith the intersections of the complementary
lobes, the dot and dash signals received in alternation
are of equal intensity. A steady tone is therefore heard,
indicating that the vehicle is on course, or "on the
beam." If the observer hears dots or dashes, the ve-
hicle is to one side or the other of the beam, and he
knows which. This is the by-now familiar and funda-
mental crossed-lobe equisignal technique. The vehicle
requires only a normal communications receiver and
headphones or loudspeaker to obtain guidance.
The Scheller proposal of 1907 antedated the era of

air transportation; its first experimental trials were for
marine applications [3], [4]. In the post-World War
I period, air transport began to develop, bringing up a
requirement for a system providing guidance to air-
craft under conditions of poor or no visibility. In 1920
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the Scheller principle was independently reconceived
by P. D. Lowell of the U. S. Bureau of Standards [3],
[5]. In the period 1920-1930 considerable effort was
expended to exploit the principle practically. This ef-
fort was initiated by Engel and Dunmore of the Bureau
staff, and was pursued by the U. S. Army Air Service
and by the U. S. Department of Commerce [5]-[8].
The very successful outcome was the familiar four-
course aural radio range system, operating at mf (200-
400 kc). These were installed by the hundreds in the
period 1930 to 1950, providing aviation with the first
large-scale facilities for systematic airways navigation,
and, as a corollary, for systematic air traffic control.

Quite naturally, it also occurred to the Bureau of
Standards engineers that the Scheller-Lowell principle
might have application to another navigational facility
required to permit safe all-weather operations. This
requirement, and a critical one, is for a radio aid to
landing, or at least to close approach to the runway.
Guidance is needed in azimuth ("localizer") and in
elevation ("glide path"). While only two, relatively
short, radio paths are required from a landing beacon,
these must be very sharp and precise.
Diamond and Dunmore of the Bureau of Standards

started the pioneering work on ILS, which began in the
late 1920's. For azimuth guidance they used essentially
a radio-range type installation operating at mf. i\Iorse
code keying was employed at first, then replaced by a
system of modulating the complementary lobes with
simultaneous but distinctive tones, to permit a visual
meter-type indication of the equisignal condition on
board the aircraft. -Marker beacons were added to fur-
nish some indication of progress along the course. W;ith
respect to vertical guidance, there appeared (Up to the
time of a 1937 proposal by Dr. Kramar) to be no feas-
ible way of applying the equisignal technique. Early
glide paths were of the "constant intensity" type, intro-
duced by Diamond and Dunmore. In essence, the air-
plane rides down a contour of constant field strength.
Such a contour was produced by appropriate shaping of
a transmitter's vertical radiation pattern, which op-
erated at 90 1\Ic in the Bureau's early systems [9], [10].
The Bureau published reports on its ILS work and

these came to the attention of European engineers in
1932. For some years before that time, a colleague of
Dr. Kramar, W. Hahnemann, Technical Director of
Lorenz, had been exploring the then-new "ultra-short-
wave" band (now referred to as VHF), and proposing
that air communications move over to that band fronm
mf, for a number of reasons. The mf band was running
out of channel space; co-channel stations at mf have to
be widely separated because of the distance to which mf
propagates, whereas VHF propagates only to line-of-
sight range; atmospheric disturbances are virtually
absent at VHF, whereas "static" often causes mf com-
munications to fail, in weather conditions that make the

At 'present, of course, VHF is the main reliance for air
coirmunications, and also for air navigation service.
One of the important early steps forward, in respect to

the latter, was undertaken by Dr. Kramar in 1932,
when he started to develop a localizer that would oper-

ate at VHF, as part of an ILS that was based generally
on the Bureau of Standards principles. He retained the
constant intensity principle for the glide path; localizer
and glide path beams were produced from a common

antenna system operating at 33 M\lc [12].
Dr. Kramar's VHF localizer is described in a German

(and U. S.) patent filed by him in 1932 [13]. A radiator
consisting of a vertical dipole is fed continuously with
tone-modulated energy. On each side of it, a few feet
away, there is a passive vertical element that becomes
effective as a reflector when it is keyed suitably by a

relay. The radiation pattern formed by the radiator to-

gether with the one or the other reflector is elliptical,
with its long axis aligned with the runway direction.
The two reflectors are keyed into effectiveness alter-
nately, one with dots, the other with interlocked dashes.
The intersection of the two alternately generated
mirror-image patterns establishes the equisignal local-
izer course, indicated aurally on the airplane by the
usual continuous tone. The airborne receiver was also
provided with a device that displayed the signals
visually on a meter [4], [12].

Dr. Kramar's prototype ILS was installed at Ber-
lin airport in 1932 and demonstrations took place dur-
ing 1933. Production followed, and in the period 1933-
1938 approximately 35 installations were made at air-
ports in various parts of the world, 14 of them in Ger-
many. Known as the "Lorenz Sy7stem," it is regarded as

the first ILS to operate completely at VHF (although
not at the higher frequencies standardized later), and as

the first to be put into service on a wide scale. For this
accomplishment, the firm of Lorenz received a Gold
MIedal Award in 1937 from the Paris International

Exposition. In 1938 the Lorenz system principles were

adopted by Standard Telephones and Cables, sister
company in England of the ITT system. The British
equipment became known as "Standard Beam Ap-
proach" (SBA); numerous installations were made at air-
ports in England and in parts of continental Europe
[4], [t4], [15], [16].
During all this timne (1932-1938), extensive experi-

mental activity continued in the U. S. involving a num-

ber of types of ILS, but no system was adopted as stand-
ard or was installed to any considerable degree. In 1937,
on invitation of the U. S. Bureau of Commerce (prede-
cessor of the CAA and FAA), Dr. Kramar brought a

Lorenz ILS over to the U. S. This was set up and dem-
onstrated at Indianapolis airport [10], [16]. In that
year the Radio Technical Commission for Aeronautics
(RTCA) drew up a set of recommended specificationis
for an improved ILS to be developed [17]. The localizer

service most needed [4], [11].
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was to operate at VHF, in fact at even a higher fre-
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quency (100 Mc) than employed in the Lorenz systbm.
Also recommended was employment of hori.lontal
polarization, and 90/150-cps tone modulation rather
than dot-dash keying, to operate a visual equisignal
meter. The constant-intensity principle was retained
for the glide path.
The first ILS designed to the RTCA specifications

was developed for the CAA in 1938-1939 by the Inter-
national Telephone Development Corporation (ITDC),
a U. S. ITT company. Before the U. S. entry into the
war, eight installations of the so-called "CAA" or
"ITT" system of ILS were made at U. S. airports [10],
[18]. In 1940 the CAA contracted with ITT to develop
a system to replace the constant-intensity type glide
path. The improvement was to be an equisignal system
with straight line characteristics and to operate at
300 1\Ic [10], [18].
The constant-intensity technique, used in prior glide

paths, had two serious drawbacks. First, precision in
following a contour of constant field strength depends on
constancy of sensitivity of the airborne receiving equip-
ment. Second, the technique results in a curved glide
path, flattening out progressively. This shape does not
suit the normal approach characteristics of aircraft
(constant rate of descent) and it requires a long flat
area ahead of the runway. There appeared, however, to
be practical difficulties in the way of applying the equi-
signal principle to vertical guidance. If one were to
turn a conventional localizer through 90 degrees, the
ground would get in the way of the lower half of the
antenna array, since the center of the array should be
at ground level in order to produce an equisignal path
that slopes down to contact with the runway. The an-
tennas would also be a runway obstruction; one early
proposal had been to install the equipment in a covered-
over pit in the runway.
A way toward solution of these problems had been

proposed in a German patent filed in 1937 by E.
Kramar and W. Gerbes of Lorenz [19]. Their idea was,
essentially, to exploit the presence of the ground, mak-
ing use of it as a reflector to form an effective part of
the glide path antenna system. Their patent describes
an arrangement of two antennas mounted at different
heights on a mast. Because of interference effects cre-
ated by reflection of energy from the ground below, each
antenna produces an individual lobe structure in the
vertical plane. The intersection of a suitably chosen pair
of lobes, excited in alternation with dot-dash keying,
produces an equisignal glide path surface. The antenna
mast is placed to the side of the runway, avoiding ob-
struction problems; yet, along the localizer course, the
glide path contour is practically a straight line.

In the U. S. development of an equisignal glide path,
tone modulation was used rather than the dot-dash
keying shown in the Kramar-Gerbes patent. In 1941,
the CAA system of ILS, all-equisignal and all-VHF,
was adopted for national service, civil and military.

The first quantity production of equipment which in-
cluded the 300-\4c equisignal glide path and the hori-
zontally polarized 100-M\c localizer, both employing
90/150-cps tone modulation, began in 1941. This ILS
was military equipment, installed on motor vans for
mobility. Designated the SCS-51, a large quantity was
built for the U. S. Air Force by Federal Telephone and
Radio Company (FTR, predecessor of the present ITT
Federal Laboratories) [10], [20]. Its essential features
were virtually the same as those adopted later (about
1950) by ICAO for the present internationally stand-
ardized ILS. An improvement known as the "null-
reference" glide path came on the scene around 1949;
this still employs the basic Kramar-Gerbes principle of
vertically stacked radiators interacting with ground
reflections [10], [16].
A novel radio navigation aid of a different sort was

developed in 1943-1944 by Dr. Kramar. This was the
talking beacon named Hermine. A recorded voice recites
degrees of azimuth at progressive time intervals. These
signals, however, are generally masked by a super-
imposed blanking radiation of a cardioid directional
pattern, which rotates at a slow rate in synchronism
with the voice announcements. Only in the direction of
the null of the blanking pattern can the voice come
through; the null starts at north when the voice an-
nounces "zero degrees." As a result, during each rota-
tion cycle, at a time depending on the azimuth of the
vehicle, the observer on the vehicle hears a spoken num-
ber indicating his azimuth. Approximately 20 Hermine
beacons, operating at VHF (30 M1c), were at one time
installed in Germany, providing simple homing service
with the requirement of only a communications re-
ceiver aboard the airplane.
A long distance navigation system of high accuracy,

and which continues in service, was also developed by
Dr. Kramar and his team. This is the ingenious system
designated Sonne. The starting point was the desire to
devise an aural radio range of higher accuracy than the
original Scheller-Lowell four course range.
A first step was the development of the Elektra sys-

tem at Lorenz in 1936 [4], [21]. In this system the two
complementary sets of lobes required for establishment
of equisignal paths were generated by a single array of
three antennas in line. The two outer radiators were
spaced several wavelengths apart, resulting in genera-
tion of a large number of relatively narrow lobes. The
antennas were excited in a dot-dash keying cycle of phase
reversals, alternately in phase coincidence and phase
opposition. This causes the lobes to shift periodically in
direction, back and forth; their intersections form a set
of equisignal courses, each recognized in the usual man-
ner by a continuous tone. The accuracy is high because
of the wide baseline (sharper lobes), but, as in the four
course range, there is no quantitative information gen-
erated between adjacent equisignal courses, only left-
right information.
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The gap in Elektra coverage was filled up in Sonne,
which Dr. Kramar developed by 1940 [4], [21]. To the
Elektra dot-dash cycle of phase reversals there was
added a slow, progressive phase shift, mechanically
coupled to the keying cycle and repeated every minute.
This causes the respective lobes, and consequently the
equisignal sectors, to sweep repeatedly through a small
angle. Measured from the start of each one-minute
cycle, the time it takes for a given equisignal condition
to sweep past the position of the observer is a measure
of the observer's azimuth. He hears, in general, a series
of dots (or dashes), followed by a brief equisignal at a
time depending on his azimuth, then a series of dashes
(or dots). He counts both the number of dots and the
number of dashes (the sum of which is nominally a con-
stant regardless of azimuth) heard within the one-min-
ute cycle, and translates the count into degrees of azi-
muth by consulting a conversion chart or table.
The reading time inl Sonne is relatively slow, but this

is not too serious in long distance navigation. Also,
there are ambiguities between every second zone, de-
pending on the width of the lobes; these are resolved
by recourse to dead reckoning or other means. The sys-
tem, however, is usable on any vehicle equipped with
a conventional communication receiver and phones;
accuracy is higher than in the four course radio range;
and quantitative position information is generated
throughout two sectors around the ground station
totalling approximately 240 degrees. Operating at mf,
the over-water range may be up to 1000 miles or more.
There are several interesting sidelights in the subse-

quent history of Sonne. The system was put to con-
siderable use by the German military in World War II
in various European areas. The British picked up the
signals and were able to determine the locations of the
ground stations from which they emanated. They in-
tentionally refrained, however, from any attempts at
violent disablement of the Sonne stations. From the
characteristics of the strange new signals that they were
hearing, they were soon able to deduce how the systemi
operated. Thereupon, they began to make use of the
adversary's signals for their own navigational purposes.
The British renamed the system Consol.i After hostili-

1 The names given to radio navigation systems could formn an
interesting chapter in the history of the subject. Over the years, as
a hobbv, the author of this biographical sketch has been collecting a
list, which by now containis over 150 entries, many of them quite
fanciful. Elektra, Sonne, Consol, are members of a category of names
which do not in many cases for obvious intentionial reasons give
any hint as to the nature or purpose of the system. This is in conitrast
to the categories of acronyms and abbreviations, such as Loran,
Radar, ILS, ADF, etc. During WN-orld War II and thereafter, a host
of new navigation devices were invented; many were giveni rather
odd names, some drawinig on Greek or German mythology. Examples
are Hermine, Bernhardine, Zyklop, Freva, Oboe, Gee, Decca,
Rosebups, etc. Interested readers cani find a glossary of these and
other exotically-named systems, with technical descriptions, in the
Cruft Laboratory report [211. This, a once-secret report, referred to
by its ownI informal code name "The Red Book," was prepared for the
government ill 1945 by the present editor of PTGANE TRANS-
ACTIONS

ties ended in Europe, technical information was ob-
tained and several Sonne-Consol stations (AN /FRN-5)
were constructed for the U. S. Air Force for intended
use in the Pacific Ocean area, by Federal Telephone and
Radio Company. Around 1947 some of these Sonne
transmitters were loaned back to FTR for conversion to
LF to serve as transmitters for the Navaglobe system,
invented by the author of this article and developed
experimentally for the U. S. Air Force by FTR.

In 1954, ICAO recommended continuation of Sonne-
Consol service to provide useful auxiliary radio naviga-
tional aid. A number of post-war built or rebuilt Sonne-
Consol stations are in operation at the present time,
providing navigational aid to ships and aircraft in the
North Atlantic area and elsewhere. There are plans to
install additional Sonne-Consol stations; fishing boats
particularly make use of the system because of the
simple receiving equipment required.

Dr. Kramar is a senior member of IEEE and
PTGANE, and is a member of the following German
technical societies: Association of German Electrical
Engineers; Communications Engineering Society, where
he is chairman of its Specialist Group 18 on Radioloca-
tion; Scientific Society for Aviation and Space Travel,
where he is a member of the Board of Directors; Com-
mittee on Space Travel Technique; German Committee
for Space Research, Working Group II. He has been a
particularly active member of the German society
which corresponds to, and cooperates with, the
PTGANE and the Institute of Navigation in the U. S.
That is the German Society for Location and Naviga-
tion ("Deutsche Gesellschaft fuer Ortung und Naviga-
tion," DGON), where he is chairman of its Specialist
Group 4 on Location 1\4ethods.

In 1962, DGON presented Dr. Kramar with its
hitherto sole award of a special Gold 'Medal of Honor,
for his "outstanding contributions to radio location and
navigation." In 1938 he had received a special award
from the Lilienthal Society for Aviation Research, for
his "creative accomplishments in the field of radio land-
ing systems." For some time he has been visiting lec-
turer in radio navigation at the Technical Universities
of Stuttgart and Karlsruhe, recently receiving from the
latter institution the title of Honorary Professor. Dr.
Kramar has gained prominence not only for his tech-
nical contributions, but also for his active participation
and leadership in the work of national and international
organizations and conferences devoted to radio and air
navigation.
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