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THERE is growing evidence of 
impatience regarding the al- 

leged lag in making available to 
civil aviation important wartime 
developments. Questions are being 
asked, most of them relating to the 
adoption of the radar landing sys- 
tem used by the Army and Navy 
during the war and to the use of 
other aids to navigation and of 
anticollision equipment. 

Officials of the Civil Aeronautics 
Administration are fully aware of 
the impatience and questioning, due 
to the spectacular nature of war- 
time developments and the growth 
of commercial aviation by leaps and 
bounds. They contend, however, 
that in reality there is no lag. They 
point out that military and civilian 
uses are far from identical and that 
the speed and timing with which 
war advances are applied to civilian 

ALL -WEATHE 
Left-Rotating radar antenna on 60 -foot tower, for use in air traffic control at 
Indianapolis Experimental Station. So far, radar alone isn't able to identify accu- 

rately specific planes in a group circling for a landing through overcast 

These two radar scopes give the air traffic controller a picture of all planes in the air within a radius of 30 miles from the control tower. Scope at left indicates altitudes of planes in thousands of feet, while that at right gives ppi presentation for azimuth 

aviation depend upon their safety 
and practicability, still to be tested 
and proven under an entirely dif- 
ferent set of conditions. 

The vhf instrument landing sys- 
tem is being installed on the basis 
of a priority list of airports given 
CAA by the Air Transport Associa- 
tion. The radar ground -controlled 
approach system used by the Army 
and Navy during the war is under- 
going continual tests and further 
development at CAA's Indianapolis 
Experimental Station. CAA officials 
have stated that as radar aids prove 
their usefulness, they will be com- 
bined with the vhf system. 

Before anything new can be 
adopted along the airways, it must 
have the approval of both airline 
pilots and airline officials through 
their representative groups, and it 
must be shown to contribute to the 
safety of the flying public. The 
scope of the work that can be. un- 
dertaken depends in large part 
upon the size of the appropriation 
granted by Congress to CAA to 
conduct research and development 

for the adaptation of military appli- 
ances to civilian purposes. One 
official outside CAA, but closely in 
touch with its technical program, 
has estimated that the amount 
should be from five to ten million 
dollars, whereas present indications 
are for an appropriation of $875,000 
for the fiscal year July 1, 1946 -June 
30, 1947 to cover all CAA technical 
developments. Of this, roughly 
$300,000 is for radio and radar de- 
velopment work. 

Instrument Landings 

Airlines plan to begin use of the 
CAA instrument landing system 
next winter to facilitate approach 
and landing of aircraft under ad- 
verse weather conditions, according 
to a joint announcement from the 
Air Transport Association and 
CAA. The use of this system even 
as an approach aid in the case of 
low ceilings would eliminate many serious air traffic control problems 
which exist now at large terminals 
when bad weather prevails. The system is being installed at 50 civil 
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FLYING 
Despite wartime development of radar and other electronic systems for blind landing, 
collision prevention, and precise navigation when visibility is poor, civil aviation is still 

dependent on the weather for its schedules and for safety in the air 

Airport control tower at 'Indianapolis, used by CAA in testing electronic aids to avi- 
ation. Control panel at right monitors performance of instrument landing system, and 

cabinet just barely visible at left houses radar scopes 

airports, which are listed in Table 1. 

In order to make use of the new 
landing facilities, the scheduled air- 
lines now are equipping their air- 
craft with suitable vhf receiving 
instruments. In spite of the diffi- 
culty experienced in getting the 
new appliances, the entire fleet is 
expected to be so equipped before 
the end of 1946. Training of air- 
line pilots in use of the instrument 
landing system is being accelerated. 

CAA is now getting delivery on 
localizer, glide path, and marker 
beacon transmitters and is install- 
ing them at key airports. A total 
of 105 airports are scheduled to 
have their equipment in operation 
by the summer of 1947. Of these, 
14 are army airports. 

The transition from low to very 
high frequency will not be difficult 
for the private flyer, according to 
T. P. Wright, CAA Administrator. 
There will be no sudden change in 
private aircraft radio equipment, 
since airway facilities on the two 
frequencies will be operated simul- 
taneously for a considerable time. 

As planes are equipped with the 
new radio appliances, there will be 
new facilities on the ground. Also, 
better and lighter airborne equip- 
ment is fast coming on the market. 

CAA Landing System 

The instrument system now 
being installed by CAA, which was 
used by the Army during the war 
under the military designation of 
SCS-51, is already well known and 
consists of the familiar localizer, 
glide path and marker beacons. Of 
the three elements, the marker bea- 
con is considered fully developed. 
The localizer, heretofore operated 
on a basis of amplitude comparison 
with 90 cycles transmitted on one 
side and 150 cycles on the other 
side of the line to define the course 
along the runway, already has been 
improved by using phase compar- 
ison instead of two 60 -cycle signals. 
This change has resulted in a sim- 
plification of the transmitter on 
the ground, and a lightening of the 
airborne receiver. 

This system is continuously mon - 

Table I-Instrument Landing 

Systems as of June 30, 1946 

Commissioned prior to this fiscal year 

Atlanta 
Chicago 
Cleveland 
Kansas City 

Los Angeles 
N. Y. (LaGuardia) 
Oakland 
Washington 

Commissioned this fiscal year 
Brownsville Omaha 
Grand Junction Seattle 
Indianapolis St. Louis 
Las Vegas Wichita 
New Orleans 

Construction completed but radio 
equipment. not installed 

Billings Ft. Worth 
Buffalo Knoxville 
Dallas Louisville 
Dayton N. Y. (Idlewild) 
Denver Philadelphia 
Eugene Reading 

Construction under way 
Albuquerque Minneapolis 
Amarillo Okla. City 
Charleston 
Cincinnati 
El Paso 
Ilouston 
Memphis 

Raleigh 
Salt Lake City 
San Antonio 
Tulsa 

Plans conplete; proposals issued 
Columbus Long Beach 
Detroit Newark 
Jackson South Bend 
Jacksonville Willow Run 
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CAA instrument landing installation at Indianapolis. Antenna building is at left, 
in line with the end of the runway. while transmitters are in smaller building at 

right and 300 feet away 

itored in the airport traffic control 
tower, so that the operator knows 
at all times that transmitters are 
functioning correctly. 

A straight-line glide path has 
been developed. It is generally 
agreed that the straight-line path is 
superior to the curved path, based 
on hundreds of landings at Indian- 
apolis by pilots of CAA, airlines, 
Army, and Navy. 

Distance Indicator 

Development work on the dis- 
tance indicator and the low -fre- 
quency omnidirectional radio range, 
both basic future aids to air naviga- 
tion, has reached the point where 
CAA considers that the technique 
and facilities call be made available 
for use on continuous flights. How- 
ever, tests at Indianapolis will con- 
tinue in order to improve various 
phases of the overall system. 

The distance -measuring equip- 
ment was operated successfully as 
an experiment for about a year on 
212 mc. Recently, it has been neces- 
sary to shift to 1,000 me and experi- 
mental equipment is now operating 
on this frequency. A unit has been 
developed to the point where it can 
go into production, but it may be 
two years before it can be obtained 
commercially. 

While the distance indicator can- 
not be regarded as true radar, it is 
an application of radar principles. 
A transmitter in the plane sends 
out a signal which triggers another 

transmitter at the airport to which 
the pilot is flying. The signal from 
this second transmitter is received 
in the plane and the time required 
for the two signals is translated 
into miles. Thus a simple instru- 
ment calibrated in miles tells the 
pilot how far he is away from the 
field where he intends to latid. The 
scale could also be made to read in 
yards or hundreds of yards if re- 
quired fur bad -weather approaches. 
It will eventually make possible 
elimination of most marker beacons. 

Omnidirectional Ronges 

While tests were in progress at 
Indianapolis on the vhf radio range, 
it was found that a further im- 
provement, making these ranges 
omnidirectional, employed the same 
equipment as the proposed two - 
course aural -visual range and was 
relatively inexpensive to use. There- 
fore, the vhf program has now been 
converted to include only omni- 
directional ranges. Omnidirectional 
ranges, transmitting on low fre- 
quencies, are said to be superior to 
loran for use on long over -water 
courses and over large land areas 
such as jungles and deserts, where 
location of numerous ranges on the 
ground is impossible. CAA is in- 
stalling a station for service test 
on the East Coast. 

Radar Tests 

Radar equipment has been under 
test for one and a half years at 

Indianapolis to determine its adapt- 
ability to civilian use. None of the 
military sets have met the need for 
reliable and identifiable signals 
from aircraft that can be con- 
veniently interpreted for air traffic 
control by existing control tower 
operators, according to Henry I. 
Metz, Acting Chief, Electronic De- 
vices Section, Technical Develop- 
ment Service, CAA. All of the 
equipment has thus far required 
extra tower operators in darkened 
rooms to study the picture pre- 
sented on the radar screen. Mr. 
Metz believes that radar should at 
present be regarded as a monitor- 
ing device, but adds that as soon as 
it has proved itself it will be put 
into service. 

As an illustration of the need 
for positive radar identification of 
planes, recently at Indianapolis two 
aircraft were observed on the oper- 
ator's screen. The operator, think- 
ing he knew which was which, 
ordered one aircraft to make a left 
turn. After making the turn, the 
pilot discovered the other plane 
directly in front of him, and only 
by expert maneuvering was he able 
to avoid a collision. 

Several radar devices which are 
optional rather than basic are being 
tested. For example, the CAA dem- 
onstrated at Indianapolis last fall 
the feasibility of landing aircraft 
from a holding pattern on the in- 
strument landing system at three - 
minute intervals. In all probability, 
radar will be used first to monitor 
this method of holding and landing 
aircraft on the instrument landing 
system. 

Automatic Landings 

CAA is now cooperating with the 
Army in service testing its auto- 
matic instrument landing system. 
In this, the indications of the cross - 
pointer instrument by which the 
CAA three -element system is flown 
are connected to a standard auto- 
matic electronic pilot, and the sta- 
tion's airline -type airplanes are 
flown repeatedly to the point of 
contact with the ground without 
human touch on the controls. 

The automatic landing feature 
involves the use of electronic cou- 
pling devices to connect the auto- 
matic pilot with the instrument 
landing system. These are now 
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under test, but have not gone into 
production. The electronic auto- 
pilot is at present in production by 
several manufacturers. 

Anticollision Systems 

The anticollision device is a dif- 
ficult subject. Technically, no con- 
venient combination of lights, dials, 
or signals has given the pilot a pic- 
ture of obstacles or other aircraft 
adequate to enable him to avoid 
collision. A military search radar, 
APS-10, has been under test at the 
experimental station but its pres- 
entation on a cathode-ray screen is 
not ideal for the pilot. It is, how- 
ever, feasible to study and interpret 
signals in large aircraft where the 
weight of this apparatus, about 125 
pounds, plus that of an operator, 
offers no handicap. 

There is a possible application 
for APS-10 equipment in combina- 
tion with the vertical separation 
indicator, and it is expected that 
continued development of the equip- 
ment and the technique in using 
this equipment will bring about the 
desired anticollision features. The 
development of the stratoscope and 
vertical separation indicator was 
intended to provide the pilot with 
information concerning the exist- 
ence of other aircraft at 1,500 feet 
above or below his airplane and to 
indicate automatically his elevation 
along with that of all other aircraft 
on the monitor screen in the control 
tower. Its operation is based on the 
use of an aneroid cell, which varies 
the frequency of a c -w transmitter 
from 154 to 148 me as the aircraft 
ascends from sea level to 10,000 ft. 
Weight is a problem here since the 
device as it now stands weighs 
approximately 45 pounds. 

Panoramic type scanning is used 
on ground equipment to spread the 
received frequencies on a cathode- 
ray screen in proportion to the ele- 
vation. The scanning screen will 
be used to supplement the present 
method of stacking planes at 1,000 - 
foot altitude intervals while the 
lowest plane is cleared to come in 
and land by the tower traffic con- 
troller. It gives the controller a 
plan picture of all aircraft within 
30 miles of the airport. The picture 
appears on a cathode-ray tube 
screen 12 inches in diameter. 

As a result of this application of 

radar it is expected that it will be 
possible to bring planes in safely at 
two- and perhaps one -minute inter- 
vals in place of the three -minute 
intervals achieved with the CAA 
system. In its present form, the 
screen gives distance and direction 
information; further research, it 
is believed, will lead to a means of 

. determining altitude and identity. 

Ground -Controlled Approach 

Two radar systems are under 
test at Indianapolis. The Army, 
using a C-54 four -engine plane and 
a number of different pilots, is 
making comparative tests of the 
CAA system and also the ground - 
controlled approach system. At the 
same time, the CAA is testing gca 
equipment given it by the Army 
and Navy and comparing with its 
own, using planes of different types. 

As a result of these tests, an im- 
proved search antenna has been de- 
veloped which is not affected by 
rain and is extremely stable. It 
allows the CAA operator to observe 
airplanes at high elevation above 
the station as well as those at 
horizontal distances. 

A practical difficulty with radar 
has been the necessity of keeping 
crews on the ground to operate it. 
During the war the Army often 
used a crew of 16 men with each in- 
stallation. One of the radar equip- 
ments recently has been converted 
so that a single operator can land 
an airplane by observing the screen 
and talking directly to the airplane. 
However, if more than one ship is 
involved in traffic and landing, more 
operators will be required. This 
would involve a large increase of 
CAA personnel at airports for in- 
strument landings alone. In addi- 
tion gca in its present stage re- 
quires a great deal of maintenance. 

Economic Considerations 

An overall view of radar develop- 
ments is that expressed by Dr. 
Harry Diamond of the Bureau of 
Standards, called the father of 
CAA's instrument landing system: 
"Many people think that unless ad- 
vances are brought about by radar 
they are not modern. There are 
many excellent methods of measur- 
ing distance that do not involve 
pulses. Many radar developments 
are in the `gleam in the eye' stage. 

Inside of antenna building, showing array 
required to produce a straight localizer 
course. Technical details of this system 
were given in the February and March 

1945 issues of ELECTRONICS 

We should study the various sys- 
tems but hesitate to adopt anything 
different until we are convinced 
that it will give better perform- 
ance, and until we are sure the 
material is available at a reason- 
able price." 

Most private pilots with small 
planes will use contact flying for 
some time to come and keep out of 
bad weather. Before such a pilot 
could arrive at a place equipped for 
instrument landing he would have 
to be flying in "instrument" 
weather. This would mean that in- 
struments in his plane would cost 
about $1,000; also, he would need 
about $500 worth of training to 
learn how to use them. Such ex- 
penses are out of the question for 
the average pilot.-G.T.M. 
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