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RECENT progress in the field of 
the ultra -ultra high frequencies, 

above 500 Mc, has consisted princi- 
pally in the development of more 
efficient generators, more sensitive 
detectors. Behind the scenes, how- 
ever, several organizations have been 
working toward the application of 
the very short waves to the prob- 
lems of aerial navigation and guid- 
ance. One of the outstanding ex- 
amples of this work is the collabora- 
tion between the Civil Aeronautics 
Authority and the Massachusetts In- 
stitute of Technology on a system of 
instrument landing which employs 
40 centimeter waves* and which 
makes use of nearly all of the mod- 
ern developments in the field of 

* A preliminary report of this work was 
carried in the January, 1939 issue of 
Electronics, pages 12-14. The demonstra- 
tion was reported from the aeronautical 
point of view in the November, 1939, issue 
of Aviation. 

12 

Left, the transmitting equipment set up on the East Boston Airport. 
In the foreground are two triode oscillators and modulating equip- 
ment used in the tests. Center, close-up view of one of the 
700 -Mc oscillators. Right, looking into the mouths of the two 
horn radiators which set up the overlapping horizontal signal 

patterns 

microwave research. The system is 
the solution of a problem proposed 
by a C.A.A. engineer, Irving Metcalf, 
and developed in practical form by 
the electrical engineering depart- 
ment staff of M. I. T. under Pro- 
fessor E. L. Bowles. The apparatus 
was recently demonstrated in ex- 
perimental form to C.A.A. officials 
at the East Boston Airport. 

Beams from Horn Radiators 

The transmitting equipment oper- 
ates on a frequency of approxi- 
mately 700 Mc. At such high fre- 
quencies, beams may be formed 
by radiating the energy from horn 
structures of convenient dimensions. 
Two such horns were used in the 
demonstration, each fed by a sep- 
arate transmitter. The horns are 
wooden structures, about 26 feet 
deep, and 10 by 2i feet at the 

mouth. They are lined with copper 
sheeting. At the end of each horn 
is a rectangular box which closes the 
throat. Inside the box is a quarter - 
wave antenna which protrudes into 
the box directly from a coaxial 
transmission line. The length of 
the antenna is about 10 ems, 
(roughly 4 inches). The 700 -Mc 
energy radiated from the antenna 
is conveyed down the horn to its 
mouth, and there it spreads out in a 
flat fan -like pattern, whose width is 
at right angles to the long dimension 
of the mouth of the horn and parallel 
to the ground. (This relation- 
ship obeys the rule for diffraction 
effects, namely that the diffraction 
pattern spreads widest at right an- 
gles to the long dimension of the 
slit) . Consequently the horn gener- 
ates a flat nearly horizontal beam of 
signal, inclined at a slight angle 
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40 -CM Waves for Aviation 

Tests at M.I.T. reveal practical apparatus for generating a 40 -cm "hillside" of signal for 

blind landing of airplanes. Horn radiators and a receiver having 15 -microvolt sensitivity 

show practicability of 700 -Mc communication 

Similar in appearance to a hypodermic needle, this "coaxial" 
antenna is mounted on the wing strut of the plane. The antenna 
proper is the quarter -wave (4 -inch) length of wire protruding 

from the coaxial line 

to the airport surface. Two horns 
are used, each fed with signals of 
the same frequency, one modulated 
at 150 cps, the other at 90 eps. 
The horns are set up so that 
the central axis of one makes an 
angle of 5 degrees to the earth's 
surface, the other an angle of 10 de- 
grees. The fan -like beams from the 
two horns overlap in a region which 
extends from about 3 degrees to 7 
degrees. The overlap region consti- 
tutes a "hillside" of signal down 
which the plane glides to the airport 
surface. In the plane, the receiver 
tells the pilot when both signals (90 
cps and 150 cps modulations) are re- 
ceived. When both are received at 
equal strength the glide angle is 7.5 
degrees, which is somewhat steep 
for most aircraft, hence the re- 
ceiver is set to indicate the proper 
position when the upper beam is 

The klystron oscillator, mounted in a truck complete with high 
voltage power supply and vacuum system, is capable of power 
in excess of 100 watts at 40 cms. This is one of the first applica- 

tions of the new "beam -group" tubes to radio communication 

received somewhat stronger than the 
lower, producing a normal glide 
angle of from 3 to 4 degrees. 

The arrangement just described 
gives so-called "vertical guidance", 
that is, it guides the plane in the 
up -down direction. Similar guidance 
in the horizontal or left -right direc- 
tion is also necessary. In the demon- 
stration the horizontal guidance was 
provided by a conventional long -wave 
runway ' localizer transmitter,, de- 
signed and operated by engineers of 
the Washington Institute of Tech- 
nology. When the C.A.A.-M.I.T. 
system is completed, the horizontal 
guidance may be set-up by 40 -cm 
waves in the same fashion as the 
vertical guidance. 

The 700 -Me Generators 

The horn structures just described 
are highly directional (in the plane 

of the fan pattern) and hence con- 
serve the energy fed to them from 
the transmitter proper. For this 
reason, very small amounts of trans- 
mitter power will suffice, so long as 
the receiver in the plane has ade- 
quate sensitivity. Two possibilities 
arise : a transmitter of several hun- 
dred watts power may be used with 
an insensitive receiver, or a few 
watts of transmitter power may be 
used with an elaborate receiver. The 
low -power arrangement was used at. 
the demonstration, although the 
high -power method has been tested. 
with success. 

The generation of hundreds of 
watts of power at 700 Mc has been 
possible only since the advent of 
the beam -type of cathode-ray gener- 
ator. One of the "klystron" genera- 
tors originated at Stanford Univer- 
sity was available for the purpose, 
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and was set up in operating condi- 
tion on the airport, mounted in a 
truck complete with high voltage 
power supply and a continuous 
vacuum -pumping system. With less 
than 100 watts output, in previous 
tests, adequate signal strength was 
received in the plane at a distance of 
more than 25 miles, which consti- 
tutes a record for microwave trans- 
missions. In the demonstration, 
however, it was more convenient to 
use lower power, and to rely on the 
high sensitivity of the receiver. 
Accordingly, two conventional tri- 
ode oscillators were used, one for 
each horn radiator. The oscillators 
employed the Western Electric type 
316A door -knob tubes in coaxial -line 
tuned circuits, and were fed with 
about 25 watts of power, one modu- 
lated at 90 cps, the other at 150 cps. 
The output of the oscillators was in 
the neighborhood of one watt at 700 
Mc (43 ems), but even this small 
power was adequate to produce a 
strong signal at distances greater 
than five miles. Since the glide path 
to the airport surface is usually less 
than five miles long, the performance 
was satisfactory, despite the very 
low power of the transmitters. 

The 15 -Microvolt Microwave Receiver 
From the standpoint of radio 

engineering, the most significant de- 
velopment in the project (save pos- 
sibly the use of horn radiators) is 
the 40 -cm receiver. This receiver 
displays the phenomenal sensitivity 
of 15 microvolts input for full out- 
put (off -scale swing on the indicat- 
ing meter) . The tube lineup is 
shown in the accompanying figure. 
The antenna is of the coaxial variety 
developed by the Bell Labs. It is 
fixed to one of the wing struts. The 
coaxial lead-in connects to the input 
circuit. The first detector is a diode 
tube, a W. E. development type. This 
tube serves two functions. In the 
first place it develops the third har- 
monic of the oscillator output, and in 
the second place it mixes this third 
harmonic with the input signal, 
producing a 10 -Mc intermediate 
frequency. The dual aspect of the 
diode action is illustrated in the ac- 
companying diagram. Three tuned 
circuits are connected in series with 
the diode, as shown. The first is 
tuned to 700 Mc, the input fre- 
quency. The second is tuned to 230 
Mc, the oscillator frequency, and the 
third is tuned to 10 Mc, the inter - 

14 

The diode first -detector circuit in the superheterodyne receiver. Circuits 
tuned to the signal frequency, the oscillator frequency and the inter- 
mediate frequency are connected in series with the diode, which de- 
velops the third harmonic of the oscillator output and mixes it with the 

signal, simultaneously 

700 Mc 

Diode 10 Mc 10 Mc 2nd det. Audio Audio Audio Audio first I -f I -f A -v -c, A -f triode pentode pentode triode 
detector 1852 1852 6SQ7 6SK7 6SK7 6SK7 6SK7 

690 Mc 
(Third i 

harmonic) 

955 
Triode 

oscillator 
230 Mc 

v -c 

Zero 
center 
meter 

6F8G ,-90cps 

Filter 

Amp "/50 cps 
Rectifiers 

Tube line-up of the receiver. Two 700 -Mc signals, modulated at 90 and 
150 cps respectively, are amplified several hundred thousand times 

before separation in a filter and applied to the indicating meter 

mediate frequency. At other than 
these resonant frequencies, the tuned 
circuits are essentially short cir- 
cuits, so it is possible to consider 
the action of each circuit as though 
it were the only element in the series 
with the diode. Hence the diode pro- 
duces a 690 Mc frequency as the 
third harmonic of the oscillator volt- 
age, mixes it with the 700 Mc input, 
and derives the 10 Mc i -f voltage, 
simultaneously. 

The oscillator proper, which em- 
ploys a 955 acorn triode, is a spe- 
cially -designed coaxial tuned circuit 
similar to those developed by Peter- 
son. The tuned circuit is in the form 
of a high -Q resonator, which en- 
closes the tube, and which is so pro- 
portioned as to produce a highly 
stabilized output. 

The i -f output of the first detector 
is amplified in two 1852 i -f stages, 
which pass a band several hundred 
kilocycles wide, but which develop a 
gain of several thousand times over- 
all. The second detector is a diode 
element in a 6SQ7 diode -triode tube. 
Then follows the triode section of 
the same tube as an a -f amplifier. 

A -v -c voltage is developed and ap- 
plied to the 1852 tubes. The eudio 
output of the 6SQ7 is then fed to 
an elaborate a -v -c controlled audio 
amplifier employing four 6SK7 
tubes, the first and last triodes, the 
others as pentodes. 

The output of the third 6SK7 
feeds a 6R7 which acts as an a -v -c 
diode and amplifier. A -v -c voltage 
is applied to all four 6SK7's, with 
the result that the output is sub- 
stantially constant (within about 20 
per cent) with audio frequency in- 
puts ranging from one millivolt to 
three volts. The gain in this ampli- 
fier is very great, of the order of 
100,000 times. The problem of 
motor -boating and noise has been 
solved by the use of resistance -ca- 
pacitance band-pass couplings be- 
tween stages, which pass components 
from 50 to 400 cycles, thus including 
the 90 -cps and 150 -cps modulations 
which are of importance, but dis- 
criminating against noise, and in- 
hibiting low -frequency oscillations. 

The output of the final 6SK7 amp- 
lifier leads to a filter which sep- 
arates the 90 cps signal from the 
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Above, the two horns 
viewed from the side. 
The axis of one horn ex- 
tends at an angle of 5 

degrees to the airport sur- 
face, the other at 10 de- 
grees. The overlap region 
between the flat hori- 
zontal signal radiated from 
them constitutes the signal 
followed in landing the 

plane 

150 cps. Each of these components 
is amplified individually in the sec- 
tions of a 6F8G double triode, and 
applied to two copper oxide bridge - 
type rectifiers. The connection be- 
tween opposed outputs of the two 
bridges is made to a zero -center 
microammeter which thereby is made 
to indicate the relative strength of 
the 90- and 150 -cps components. The 
gain of the 90 cps channel may be 
varied in the 6F8G stage relative 
to that in the 150 cps channel. This 
allows a zero -center indication to 
be obtained with varying ratios of 90 
cps to 150 cps modulation, which 
in turn corresponds to positions in 
the upper and lower portions of 
the overlap region between the two 
fan patterns. By adjusting the rela- 
tive gain of the two channels, the 
glide angle may be adjusted to suit 
the landing characteristics of dif- 
ferent types of planes. 

Observations During Test Flights 

In the test flights, the pilot flew 
about five miles from the airport, 
and picked up the glide path at an 
altitude of about 900 feet. By keep- 

ing the two cross pointers on the in- 
dicating instrument (one for the 
vertical guidance, the other for the 
horizontal), he guided the plane to 
the airport surface, but did not land 
because of a high crosswind which 
would have made landing difficult. 
Throughout the descent, the rate of 
climb meter and the airspeed indi- 
cator remained fixed in position, 
indicating that the plane was follow- 
ing a straight line to the ground. 
The straight-line aspect of the sys- 
tem is an important distinction from 
that of the conventional longer -wave 
instrument -landing systems, which 
follow a more or less curved contour 
of constant signal strength. The 
straight line path of the new system 
makes a definite point of' contact 
with the ground, so that the plane 
reached its lowest altitude over a 
region no more than 50 feet in 
diameter. 

The indications of the system 
were also made to appear on a 
cathode-ray tube, on whose face 
three spots appeared. The spots 
were formed by a commutating sys- 
tem, and were so controlled that they 
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Below, the test plane 
making an approach to 
the field, following the 
indications of the landing 
instruments. The horns 
are situated to one side 
of the landing path. The 
signal regions radiated 
are inclined to and nearly 
parallel to the airport 

surface 

indicated not only the position of the 
plane relative to the glide path but 
also the tilt of the planes wings, and 
its azimuthal position. The latter 
indications were derived electrically 
from the gyro compass and artificial 
horizon instruments in the plane, in 
the manner described in the refer- 
ence previously cited. The three 
luminescent spots have the appear- 
ance of fixed spots on the ground, 
and hence allow the pilot to judge 
almost instinctively his position rela- 
tive to the airport at all times dur- 
ing the descent. 

Since the horns determine the 
shape of the pattern, the glide path 
is not changed by variations on the 
airport surface, such as would be 
caused by a snowfall. The signal re- 
gions extend a considerable distance 
to the left and right of the horn 
openings, hence it is quite feasible 
to place the horns to one side- of the 
glide path, and thus remove them 
from the airport surface. The photo- 
graph above shows the plane ap- 
proaching the field on the landing 
beam, and the relative positions of 
the path and the horns.-D.G.F. 
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