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Ground -Controlled 

GCA equipment ready for use at an Army Airways Communications System 
airfield. The radar antennas are atop the trailer, along with conventional 

whip antennas for radio communication with incoming aircraft 

NE of the last radar develop- 
ments of the war may turn out 

to be the most important for peace- 
time aviation. Aircraft arrivals and 
departures may soon be scheduled 
to and from airports without regard 
to the weather, an accomplishment 
made possible by an Army -Navy 
electronic device that has been 
used since early this year to land 
aircraft during weather conditions 
nearing zero ceiling and visibility. 
The radar system which makes 
closed -in airports a thing of the 
past is known as Ground Controlled 
Approach (GCA), and is the result 
of four years of experimentation 
and testing. 

Early History of GCA 

A group of scientists assembled 
by the National Defense Research 
Council at the Radiation Labora- 
tories, Cambridge, Massachusetts, 
conceived the idea of using radar 
for blind landings of aircraft in 
1941 and the process of develop- 
ment was begun. The first model, 
known as Mark I, was finished in 
1943, after being assembled from 
existing airborne radar sets then 
available. The unit was flight tested 

in the U. S. and in the British Isles, 
where it convinced those engaged 
in the development that it was op- 
erationally sound. 

Although it demonstrated the po- 
tentialities of GCA, the Mark I 
version was not quite what the Ra- 
diation Laboratory scientists 
wanted. The succeeding model, 
Mark II, included many refine- 
ments. It was, however, outmoded 
before production was thoroughly 
underway and the result was the 
emergence of the Mark III model 
which is the GCA in use today. 

Justification for the development 
of an electronic device of this type 
was not long appearing. Rushed to 
the European and Pacific theaters 
early this year, it quickly demon- 
strated that planes could be brought 
down through zero -zero weather 
safely and efficiently. Operated by 

relectronics 
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Headquarters, Army Airways 
Communications system 

personnel of the Army Airways 
Communications System for the 
U. S. Army Air Forces, GCA made 
regular flight schedules possible 
around the clock when our airfields 
were completely closed in by fog. 
At Iwo Jima alone, in the final 
phases of the war against the Jap- 
anese, it saved scores of superforts 
and nightfighters returning from 
missions at a time when Maple air- 
field on Iwo Jima was invisible at a 
distance of one hundred feet. 

Two Radars Are Used 

GCA is a completely self-con- 
tained mobile radio set having two 
ground radar systems together 
with the necessary communications 
facilities. One of the radar sys- 
tems, known as the search system, 
operates on a shf band and is de- 
signed to aid in or control the hom- 
ing, holding, stacking and traffic 
pattern operations of aircraft out 
to approximately 30 miles. 

The second system, a precision 
system, operates on a higher shf 
band and controls the aircraft dur- 
ing its actual let -down along a pre- 
determined glide path. The unique 
characteristic of this type of radar - 
controlled approach is that no spe- 
cial equipment is required in the 
aircraft other than ordinary air - 
ground communications equipment. 

Search Radar Characteristics 

The search radar system provides 
the GCA operators with informa- 
tion on the azimuth bearing and 
range of aircraft from the airfield 
at distances up to 30 miles and at 
altitudes up to 4,000 feet. To ac - 
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Approach for Aircraft 
In GCA, two microwave radar systems at an airfield reveal the exact position of an in- 

coming aircraft with respect to the landing glide path, permitting the ground operator 

to radio precise flight instructions to a pilot coming in through zero -zero fog. Possibili- 

ties for around -the -clock traffic control and landing at commercial airfields are promising 

complish this purpose, the search 
antenna used with the search radar 
system is designed with a number 
of horizontal dipoles in a vertical 
linear array. Such an arrangement 
gives coverage as in Fig. 1A. 

The search antenna system ex- 
amines the space around the GCA 
set by an actual rotation of the 
antenna and its reflector, the rota- 
tion of the visually displayed indi- 
cator sweep being synchronized 
with the antenna. The antenna 
beam is approximately six degrees 
wide in azimuth. (Its relation to 
the plan -position indicator from 
which the operator obtains his dis- 
play of information is shown in 
Fig. 1B and 1C.) The narrow beam 
width needed is obtained by plac- 
ing a parabolic reflector behind the 

antenna array to focus the beam. 
Since the speed of antenna rota- 

tion is very slow in comparison to 
the time that it takes a pulse of en- 
ergy to travel from the antenna to 
an object (186,000 miles per sec- 
ond) and be reflected, the energy 
gets back before the antenna has 
moved appreciably. The transmit- 
ting antenna can thus be used also 
as a receiving antenna simply by 
connecting the antenna as a radi- 
ator for the period of pulse radia- 
tion, then switching the antenna to 
the receiver input and leaving it 
thus connected until the energy 
pulse has had sufficient time to 
travel out 30 miles (161 microsec- 
onds) and back (another 161 micro- 
seconds). The cycle is then re- 
peated. Energy pulses are of 0.5 

Inside the trailer, these men watch the PPI search pattern 
and the expanded precision indicator patterns on cathode- 
ray tube screens, and adjust control knobs that transfer 

position indications to the radio operator 

microsecond duration and occur at 
the rate of 2,000 per second, so that 
there are 500 microseconds between 
pulses. This is sufficient time for a 
pulse to travel out 30 miles and 
back; specifically, the pulse con- 
sumes 322 microseconds of the 500 
microseconds made available. 

Magnetron Generates SHF Power 

The transmitter is bailt around 
the cavity magnetron oscillator 
tube. This tube provides enough 
power output, at the frequencies 
required, so that sufficient energy 
is available for indications at the 
receiver after the pulse of energy 
has traveled 30 miles, has been par- 
tially reflected from an object, and 
the reflection returned to the re - 

All position indications go to one man, who brings an aircraft in to a 

safe landing through fog by voice instructions alone. Experience has 
shown that pilots respond even faster to voice instructions from the 

ground than to instruments they might be watching 
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ceiver. This performance may not 
appear remarkable until one real- 
izes that radiated energy decreases 
inversely as the distance squared, 
which means that at 30 miles there 
is only 1/900th of the power avail- 
able at one mile. Also, objects vary 
in reflection qualities, and no ob- 
ject reflects back more than min- 
ute portions of the total energy re- 
ceived. This small amount of 
energy is then subject to the same 
decrease in strength on its return 
path as on its radiation. 

The requirements for pulse 
power output and receiver sensitiv- 
ity are far beyond any provided in 
commercial designs of radio re- 
ceivers and transmitters made to 
date. The magnetron, however, 
provides r -f oscillations modulated 
by a pulse of approximately 10 to 
15 kilovolts and 0.5 microsecond in 
duration, and by beaming this en- 
ergy to the 6 degrees mentioned 
previously, enough energy is re- 
flected from an object to provide 
the concentration desired. 

Plan -Position Indicator 

By means of a transmit -receive 
switch the antenna is alternately 
connected to the receiver and trans- 
mitter at a switching rate of 2,000 
times per second. The echo pulses 
received by the antenna are fed 
through amplifying stages and dis- 
played on the plan -position indi- 
cator. This is a high -persistence 
cathode-ray tube that displays at 
its center the transmitted pulse, 
and has an illuminated line from 
the center of the tube to its outer 
edge to display the azimuth of 
search while the receiver is 
switched into the antenna circuit. 
The line rotates with the tube cen- 
ter as its hub, but it is actually a 
stream of electrons which starts at 
the tube center, runs out to the 
edge, and then returns to repeat 
the same procedure at the rate of 
2,000 times a second. This fact, 
plus the persistence of the tube 
face, make the radial line appear 
continuous. Echoes show as bright- 
ened blobs of light. 

The heart of the complete 
search system is the synchro- 
nizer which furnishes the modu- 
lator, :transmitter, receiver, and 
indicators with starting and stop- 
ping signals. 

Traffic Control 

Operators of the search system 
merely watch for targets on the in- 
dicator and, by using the air - 
ground communications equip- 
ment provided, vector the aircraft 
to the range and bearing desired. 
This type of information is neces- 
sary for efficient control of air- 
craft approaching a field for a 
landing under instrument condi- 
tions. 

By means of the GCA search 
system, aircraft can be held at a 
given point and stacked in altitude 
prior to landing. It serves to line 
up the aircraft in azimuth with the 
precision radar system where the 
actual let -down of the aircraft is 
begun. 

Precision Radar System 

The precision radar system is 
designed to provide operators with 
accurate information on azimuth 
headings, altitude, and range up 
to 10 miles. For the more precise 
close -in work a two-mile indica- 
tion is also provided. The area of 
coverage by the precision anten- 
nas is 20 degrees wide in azimuth 
(15 degrees to the left of a line 
from the set parallel to the run- 
way and 5 degrees to the right) 
and 7 degrees high in elevation 
(6 degrees above the ground level 
and 1 degree below). The cover- 
age areas are shown in Fig. 1D 
and 1E. 

Antennas for Precision Scanning 

Two separate antenna systems 
are used in precision scanning. 
One, the elevation antenna, sweeps 
an area 3 degrees wide in azimuth 
and 7 degrees in elevation; the 
other, the azimuth antenna, 
sweeps an area 1.5 degrees in ele- 
vation and 20 degrees wide in 
azimuth. Actual beam dimensions 
for the azimuth antenna are 1.5 
degrees in height and 0.6 degree 
in width. The sweeping of the 20 - 
degree azimuth area is accom- 
plished electrically by proper time 
phasing of the energy feeding the 
dipoles in the horizontal array. 
The beam dimensions for the ele- 
vation antenna are 3 degrees in 
width and 0.4 degree in height. 

The sweeping of the 7 -degree ele- 
vation area is also accomplished 
electrically, by proper phasing of 
the energy feeding the dipoles in 
the vertical array. 

The cross -hatched rectangular 
area shown in Fig. 1D is the area 
covered by both antennas as their 
beams are swept in elevation and 
azimuth. The proper time phasing 
of the energy feeding the dipoles 
for both the horizontal and verti- 
cal array is made possible by 
squeezing and expanding the 
waveguide transmission line which 
feeds the antennas. Both antennas 
are equipped with reflectors that 
focus the radiation of pulse en- 
ergy. 

Antenna Switching Sequence 

As in the search system, the 
precision transmitting antennas 
are also used for receiving the re- 
flected energy. The elevation and 
azimuth antennas alternately are 
switched from receive to transmit, 
the switching rate being high in 
comparison to the squeezing of 
the waveguide which carries the 
beam through the sweep sector. 
Thus, the cycle can be explained 
as follows: 

(1) Elevation antenna energized. 
The waveguide is squeezed by 
means of a cam which lifts the ele- 
vation beam from minus 1 degree 
to plus 6 degrees. At this point, 
the elevation antenna becomes de - 
energized through the action of an 
r -f switch and the cam leaves the 
elevation beam in its raised posi- 
tion. 

(2) Azimuth antenna energized. 
The waveguide feeding this an- 
tenna is also squeezed by a cam ar- 
rangement, which sweeps the azi- 
muth beam from plus 15 degrees 
(left) to minus 5 degrees (right). 
The azimuth antenna then is de - 
energized and the cam leaves the 
azimuth antenna in its extreme 
right position. 

(3) Elevation antenna deener- 
gized. The elevation wave guide is 
expanded to lower the elevation 
beam to minus 1 degree, where the 
antenna is deenergized and left un- 
til the next cycle. 

(4) Azimuth antenna deener- 
gized. The azimuth wave guide is 
expanded to reverse the sweep of 
the beam (minus 5 degrees to plus 
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FIG. 1-Characteristics of microwave beams used in GCA, 

and types of patterns obtained on the scopes. The PPI 

indicator display shows positions of all aircraft within 30 

15 degrees), where the antenna is 

deenergized and left until the next 
cycle. 

Shifting of Precision Beams 

By using the above process, the 
system requires only one mag- 
netron tube, which is pulsed at a 
much higher rate than it takes to 
complete a half of the above cycle. 
To achieve accurate resolution of 
signals this magnetron oscillates 
in the shf band. Together with the 
beam width obtained, it provides 
an accuracy of approximately five 
feet within one mile range. In this 
manner, the area of the elevation 
beam (3 degrees wide and 7 de- 
grees high) and the azimuth beam 
(1.5 degrees high and 20 degrees 
wide) is receiving a high concen- 
tration of radar pulses. The eleva- 
tion beam can be shifted in azi- 
muth to locate aircraft and the 
azimuth beam moved in elevation 
to locate any aircraft within the 
area 7 degrees high by 20 degrees 
wide. This shifting is done me- 
chanically by servo -mechanisms 
connecting the antennas and the 
indicators so that the operators 
may direct the beam sweeps to the 
proper point of contact. 

miles, while the precision indicator displays show the 

relation of the aircraft to the correct landing path in both 

horizontal (azimuth) and vertical (elevation) directions 

Indicator Displays 

Since the major components of 
the search and precision system are 
identical in function, the only ma- 
jor difference to be explained is the 
method of display of information on 
the cathode-ray tubes- Both azi- 
muth and elevation information is 
provided on the indicators, together 
with ranges. 

A main feature of this develop- 
ment is the expanded partial -indi- 
cation display used. Each tube has 
the sweep center not in the middle 
but on the outer extremity of the 
tube face, with the sector (20 de- 
grees wide on the azimuth tube 
and 7 degrees high on the eleva- 
tion tube) expanded across the 
tube. The sweep applied to the in- 
dicators is synchronized with the 
sweeping of the precision antennas. 
Upon completion of the sweep cycle 

of the antennas the proper indi- 
cator sweep line is blanked out elec- 
trically until the cycle is reversed 
and starts again. The coverage 
area provided on the indicators is 
illustrated in Fig. 1F. 

By means of tracking cursors fol- 
lowing the aircraft blip, electrical 
meters record the azimuth error 
in degrees and the elevation devia- 

tion in feet with respect to the cor- 
rect approach line and angle. This 
information is then relayed over 
the communication system to the 
pilot and the proper corrections 
made in heading and rate of de- 

scent. 

Summary 

The search and precision radar 
systems, the air -ground communi- 
cations facilities, and the selective 
intercommunications system be- 

tween operators enable the GCA 

controller to give positive, accurate 
data on an aircraft's range and 
bearing from the airfield. In addi- 
tion, the pilot is given altitude, 
range, and bearing information in 

the last ten miles of the approach 
which enables him to bring the air- 
craft to a point where a visual land- 
ing can be made. 

The Army and Navy in less than 
one year of operation of this elec- 

tronic system have saved many 
planes that would otherwise have 
been ditched. GCA will no doubt 
be improved by further research 
and development. It promises to 
eliminate that ultimate danger to 
flying, inability to land at the air- 
port of destination. 
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