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Radio system for 

landing aircraft 

during Fog 

Installation at Newark Airport 

By H. DIAMOND 
Bureau of Standards 

FROM its infancy, aviation has relied upon the radio 
art to serve as its eyes and ears. The radio range - 
beacon, for guiding aircraft over invisible radio 

airways, and the radiotelephone, for carrying on two- 
way communication between aircraft and ground, are 
examples of such dependency. However, these aids have 
hitherto proved insufficient to free scheduled air trans- 
portation from interruptions due to low visibility. An 
aircraft arriving over an airport in dense fog has pre- 
viously lacked means to permit it to come safely to 
ground. Radio has again come to the aid of aviation in 
providing these means. 

Tests and demonstrations carried on at the Newark 
Municipal Airport, Newark, N. J., during March and 
April, 1933, indicate the complete practicability of the 
Bureau of Standards system developed to assist aircraft 
in making safe landings under conditions of zero visi- 
bility. The work on this system was conducted by the 
Research Division, Aeronautics Branch, Department of 

(a) Runway localizing beacon, (b) landing beam, 
(c) approach marker beacon, (d) boundary 
marker beacon, (e) spatial landing path followed 
by landing aircraft, (f) point of contact with the 
ground, (m) location of monitoring equipment 
and ground two-way communication set-up, (n) 
remote control stations for two-way equipment. 

Fig. 1-Installation of radio landing system at 
Newark Municipal Airport 

Commerce, at the Bureau of Standards. The system 
employs three elements, a runway localizing beacon, 
marker beacons, and a landing beam, to provide contin- 
uous and accurate information on the position of the 
aircraft in three dimensions as it approaches and reaches 
the instant of landing. 

The runway localizing beacon gives indications of the 
directional position of the aircraft with respect to the 
airport and permits keeping the aircraft directed to and 
over the desired landing runway. A 200 -watt set of the 
visual beacon type, operating on 278 kc. feeds two small, 
multi -turn loop transmitting antennas, modulated with 
65 and 863 cycle notes, respectively. The intersections 
of two figure -of -eight space patterns produce four equi - 
signal zones of courses. Along each course, the signals 

Fig. 2-Combined instrument used for securing 
lateral and vertical position of the landing aircraft 

received from the two loop antennas are equal, while on 
each side of the course the signal received from the 
nearer antenna is the stronger. Means on the airplane 
for comparing the relative magnitudes of the received 
signals guide the pilot. 

The orientation of the beacon courses is governed by 
the wind conditions at a given airport. To take care of 
all wind conditions the runway beacon may be located 
underground at the center of the field and one of the 
four courses may be rotated to coincide with the prevail- 
ing wind direction. A study, however, of meteorological 
data for a number of airports has shown that the wind 
during low visibility generally comes from one major 
direction. At the Newark Airport this is usually from 
the northeasterly quadrant. The runway beacon, accord- 
ingly, is located at the northeast end of the field and one 
of the courses is oriented along the northeast -southwest 
runway. With the aid of a goniometer to swing the 
course anywhere between the two hangar lines, service 

.can be given for winds from this quadrant. 
On the aircraft, the same receiving set used for radio 

range -beacon signals and weather broadcasts is employed 
for the runway beacon signals. This set is augmented 
by a reed converter to convert the beacon signals to 
pointer -type course indications, and also by an automatic 
volume control (a.v.c.) unit to relieve the pilot of adjust- 
ing the sensitivity of the receiver as the distance between 
the airplane and the ground station changes. The reed 
converter employs two vibrating reeds tuned to the 
modulation of the runway beacon (65 and 863 cycles) 
and driven by electromagnets actuated by the output 
signals from the receiving sets, so that the amplitudes of 
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vibration of the two reeds indicate the relative amounts of 
the two signals. The motion of each reed induces a volt- 
age in a pick-up coil, the magnitude of which is propor- 
tional to the amplitude of reed vibration. The two gener- 
ated voltages are rectified and applied differentially to the 
movement operating the vertical pointer of a combined 
instrument (see Fig. 2) . 

A vertical index line across the face of this instrument 
represents the landing field runway, while the vertical 
pointer shows the relative position of the aircraft with 
respect to the runway. When the two rectified voltages 
are equal, the vertical pointer is at zero -center and coin- 
cides with the vertical index line, indicating that the air- 
plane is on the runway course. A reversing switch makes 
the deflection of the pointer and the direction of devia- 
tion of the aircraft coincide whether the aircraft is flying 
away from or toward the beacon. 

Distance indicator and marker beacons 
Longitudinal position of the aircraft as it approaches 

the airport is given by the combination of a distance 
indicator on the aircraft with the aural signals received 
from two marker beacons. 

The distance indicator consists simply of a d.c. milli - 
ammeter connected in the plate supply to the r.f. tubes of 
the beacon receiver. Since the a.v.c. increases the nega- 
tive bias on the grids of these tubes with increasing input 
voltages the plate current is approximately inversely 
proportional to the field intensity of the runway beacon. 
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Fig. 3-Circuit of ultra -high frequency landing 
beam transmitter and landing path at the 
Newark Airport. No variations in this path 
have been noted during two months of intensive 

tests 

The' instrument may therefore be calibrated approxi- 
mately in miles from the beacon (say, 0 to 5 miles) . 

Absolute indication of the longitudinal position of the 
aircraft when near the airport is given by aural signals 
from two 5 -watt (3,105 kc.) marker beacon transmitters 
in the set normally used for communication purposes. 

Mechanical filter 
tuned to 60 cyc/est 

PPrtion of high -/(7 r: 
input fi/ter Conderiser for pernnanent adjust- 

ment of receiver sensitivity 

Fig. 4-Exposed view of landing beam receiving 
set 

One signal (1,250 cycles) is heard when within 2,000 
feet of the southwest end of the airport. 'The second 
signal (250 cycles) is received when over the field boun- 
dary. These transmitters are modulated by a -i-watt a. f . 
oscillator and use a power pack for 60 -cycle operation. 
The marker beacon antennas, 2 to 6 feet high, are 
stretched transversely across the line of flight of the 
aircraft, and are of sufficient length to provide signals 
for all orientations of the runway beacon course. Ter- 
minating resistors (600 ohms) at each end prevent the 
production of standing waves along the antennas. The 
radiated space pattern from this antenna is sharply direc- 
tive upwards, forming virtually a wall of signals through 
which the aircraft passes. The distance along the line 
of flight of the aircraft over which the signal is heard 
is controlled by the amount of power fed to the antenna 
and the sensitivity of the receiving set. 

The high -frequency landing beam 
Vertical guidance of the aircraft is given by a hori- 

zontally -polarized ultra -high -frequency landing beam 
(90,800 kc.), produced by two 500 -watt three -element 
tubes operating in push-pull. The landing beam trans- 
mitter feeds a directive array which gives the necessary 
directivity of beam in the vertical plane, while spreading 
it out in the horizontal plane to afford service in the 40 - 
degree sector between the hangar lines. The array com- 
prises six half -wave horizontal antennas, arranged in 
pairs end to end, the pairs being displaced vertically by 
one-half wave length. The transmission line feeds all of 
these antennas in' phase. A parasitic reflector consisting 
of six half -wave horizontal antennas identically ar- 
ranged is placed one -quarter wave length behind the 
radiating antennas. There is no electrical connection 
between the radiating and reflecting antennas. 

On the aircraft, a simple ultra -high -frequency untuned 
receiver without external volume control is used, fed by 
a transmission line from a horizontal half -wave antenna 
located in the wing slightly ahead of the leading edge. 
Permanent adjustment of its sensitivity is made by 
means of a condenser (Fig. 4). A high-pass filter is 
inserted in the detector input, while a mechanical filter 
tuned to the transmitter modulation (60 cycles) is in the 
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audio output. The rectified output operates the hori- 
zontal pointer of the combined instrument in Fig. 2. 
The sensitivity is so adjusted that the line of constant 
received signal below the inclined axis of the beam, cor- 
responding to half -scale deflection of the horizontal 
pointer, marks out a landing path which is suitable for 
the aircraft and airport considered. The horizontal 
index line across the face of the instrument represents 
the half -scale deflection and corresponds to the proper 
landing path shown in Fig. 1. The horizontal pointer 
represents the position of the aircraft relative to this 
path. 

The point of intersection of the two pointers (Fig. 2) 
represents the position of the aircraft relative to the 
desired landing runway and to the proper landing path. 
Deviation from the two courses may be corrected simul- 
taneously. By keeping the pointers crossed over the small 
circle on the instrument face, a suitable spatial landing 
path is followed down to the point of landing. 

In addition to the ground equipment there is installed 
at the Newark Airport, in the National Guard Admin- 
istration Building, a monitoring panel and a two-way 
communication system (3,105 kc.) so that the operator 
may keep in constant communication with the pilot of a 
landing aircraft. Assurance can be given him that the 
equipment is functioning properly (as seen from the 
monitoring panel), and that the airport is clear for a 
landing. Under conditions of practically zero visibility, 
it has proved desirable to station a man at the southwest 
end of the field to assist in determining that the airport 
is clear. Remote control junction boxes are accordingly 
located here to provide direct two-way communication 
with the landing aircraft as well as communication with 
the control room. 

Beacon receiving 
antenna -_ a Canvas hood 

I 

Landing 
beam 

receiving 
an -nna 

Fig. 5-Airplane used in hooded landings 

The marker beacons and the communication transmit- 
ter operate on 3,105 kc. to permit use of the standard 
aircraft receiver and at the same time to stand by for 
messages from the control room. For this combined 
service, the receiver is equipped with a.v.c. to insure 
proper adjustment of sensitivity at all times. In future 
experiments at Newark, when a number of air transport 
operators are equipped to use the landing system, it is 
expected to change the frequency of the marker beacons 
to 10,000 kc. A 2 -tube receiving set will then be needed 
on the aircraft to pick up the marker -beacon signals. 

A typical flight in fog 
The use of the system by a pilot attempting a landing 

during fog may best be outlined by an account of an 
actual blind flight from College Park, Md., to the New- 
ark Airport, during which radio was the sole means used 
for navigation. The writer was a passenger on this 
flight. The ceiling was so low, upon starting from Col- 

zo« 

Fig. 6-Shape of landing beam (a) vertical 
directive pattern, (b) horizontal directive pattern 

lege Park, that it was found impossible to fly below it. 
Pilot Kinney maintained an altitude of 3,000 feet 
throughout the flight. No sight of the ground or sky was 
had except for an instant over Baltimore. Guidance 
from College Park to Hadley Field, New Brunswick, 
N. J., was obtained through the use of the aural type 
radio range -beacons. After passing through the "zero - 
signal" zone of the Hadley station, the beacon set was 
tuned to the Newark Airport runway beacon (278 kc.). 
The vertical pointer of the combined instrument showed 
approximately "on -course," the projection of the south- 
west -northeast runway at Newark being approximately 
over the Hadley station. The distance indicator showed 
the distance from Newark to be greater than 5 miles. 
A switch was thrown, turning on the landing beam re- 
ceiving set. This completed the manipulations of radio 
equipment required on the part of the pilot to make use 
of the landing system. 

Flying at 3,000 feet the horizontal pointer of the com- 
bined instrument began to deflect, gradually reaching the 
horizontal "on -course" position. This corresponded to 
a distance of 8 miles from the landing beam transmitter, 
as determined from the normal landing path previously 
calibrated. After communicating with the airport station 
to determine that the field was clear the pilot maneuvered 
the airplane to keep the two pointers intersecting over 
the small circle in the center of the combined instrument 
dial. This gradually brought the aircraft along the run- 
way direction and down the landing path. The distance 
indicator showed continuous approach to the airport 
boundary, and the barometric altimeter (while not suffi- 
ciently accurate for landing) showed continuous ap- 
proach of the aircraft to ground. When within about 
2,000 feet from the southwest edge of the airport, the 
high-pitched marker beacon signal began to be heard 
becoming most intense at 1,700 feet from the edge and 
receding beyond that point. At this stage of the landing 
the ground became visible for the first time, the aircraft 
being somewhat over 100 feet above ground. The pilot 
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proceeded to land visually. Had the ground not become 
visible, the pilot would have continued at the same engine 
speed until the low-pitched field marker beacon signal was 
heard. He would then throttle down the engine and pull 
back the control stick so as to be in correct position for 
a three-point landing when contacting the ground. 

Performance tests of the system 
The demonstrations at Newark were preceded by an 

extensive series of tests at College Park, Md., where the 
practicability of the system was studied through the me- 
dium of flights and landings in an airplane equipped with 
a canvas hood over the pilot's cockpit (rear cockpit of 
airplane). Over a hundred hooded landings were made 
during these tests. A check pilot was used in the front 
cockpit to take care of faulty landings or other emer- 
gencies. The remarkable accuracy of the system was 
well established by these hooded landings. The landing 
runway at College Park is only 2,000 feet long and 100 
feet wide with the approach unobstructed for a lateral 
distance of only 300 feet. Off the runway, the landing 
field is quite rough. In consequence, the runway beacon 
course had to be made sufficiently sharp to give appre- 
ciable off -course indications on the aircraft for devia- 
tions of the order of 20 feet (at the approach end of the 
field). 

To utilize the course sharpness available it was found 
necessary to adopt a directional receiving antenna on the 
airplane which compensated automatically for a tendency 
to "weave" or "hunt" about the course and thus facili- 
tated holding accurately to the course. The desired com- 
pensation was secured through the addition of an inclined 

Fig. 7-Three typical course indications on 
combined instrument 

wire running from the top of the vertical pole antenna 
back to the rudder fin. 

Tests over an extended period showed the system to 
be inherently stable under all weather conditions. It was 
then decided to make an installation at Newark to deter- 
mine the operation of the system under the conditions 
obtaining at a commrcial airport. During the two months 
of tests, besides making a large number of hooded land- 
ings, it was possible to fly at all times when the scheduled 
air mail and passenger airplanes were grounded by fog. 
The operation of the system was demonstrated in the 
air to many engineers and officials as well as to nearly 
one hundred air transport pilots. It is interesting to note 
that not even a minor adjustment of the transmitting 
equipment nor of the receiving equipment on the two 
test airplanes was required during the entire period of 
the tests. 

Publication Approved by the Acting Director of the Bureau 
of Standards of the U. S. Department of Commerce. 

Trends in radio design and manufacturing 
[Continued from page 152] 

7. Compactness and durability. The tubes may be 
made much smaller than with glass envelope ; and 
more capable of withstanding shocks in shipping 
and handling. 

There is a strong possibility that the rapid increase in 
tube types may cease as a result of another English tube 
development which appears to simplify appreciably tube 
construction. Negotiations are now under way to exploit 
a new type of tube, already tried successfully in England, 
through American tube manufacturers or through a 
separate and new tube company set up for the purpose. 
More complete details of this development will be found 
in an early issue of Electronics. 

'Exploitation of the ultra high frequencies 
Much work has been done on the development of new 

tubes for use on the very short wavelengths (1 meter and 
below) . This work will be described in Electronics very 
soon. The tubes will be much smaller than conventional 
types, and if useful at broadcast frequencies may permit 
still further reduction in the size of sets. 

Even with present equipment much exploitation of the 
5 -meter region and below is taking place. Several police 
radio systems have been set up on an experimental basis 
in the 3 to 5 -meter region. These systems give complete 
two-way communication between headquarters and the 
cruisers or between two or more cars. With low power 
small cities can be efficiently covered. Similar equipment 

in a forest conservation plane has communicated success- 
fully with the home station at distances up to 100 miles. 

Sales of auto radio sets continue to set the pace for 
all radio. Reports indicate that dealers cannot get enough 
of the sets made by the well known companies. Certainly 
the public is auto -radio minded and if given good sets at 
low prices with power sources free from trouble will pur- 
chase equipment in large quantities. 

Owing to the high prices asked for farm radios, and to 
the high plate voltage upkeep cost, this large market 
remains practically untapped. It seems that the engineer- 
ing behind present day inexpensive auto sets could be 
applied to the .farm radio. The rural dweller would not 
object to toting his storage battery to town to be charged 
or to charging it from his automobile generator if it pro- 
vided him with a complete source of radio power-espe- 
cially if that radio cost no more than a good auto set. 

Raw materials and components prices 
Manufacturers are hesitant to lay in big supplies of 

raw materials and components on the theory that prices 
of commodities will rise. On the other hand they are 
hesitant not to take advantage of present prices. And so 
the average maker of parts is in a dilemma. Prices indi- 
cated on page 152, obtained from prominent radio set 
manufacturers indicate the average prices paid during 
1932. Whether these prices will decrease or rise is an 
open question. At the moment the trend is upward. 
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