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Aerial Navigation and Traffic Control with Navaglobe, 
Navar, Navaglide, and Navascreen * 

By H. BUSIGNIES, PAUL R. ADAMS, and ROBERT I. COLIN" 

Federal Telecommunication Laboratories, Inc., New York, New York 

Editor's Note: This article embodies the results of a concentrated effort in the direction of systematic 
planning of radio aids to aerial navigation and traffic control. Parts I, II, and III are directed toward 
the problems of (I) long-range world-wide navigation; (II) navigation and traffic control near a,irports; and 
(III) instrument or automatic landing of airplanes on a selected runway. Part IV, the Navascreen, is 
directed toward a new problem: collecting, co-ordinating, and displaying, on the ground, all available 
information from all kinds of sources as to the movements of airplanes. 

Part I-Navaglobe System of Long- Range Navi-
gation Over Oceans and Continents 

1 . 1  Basic Philosophy 

1 . 2  First Year's Study 

1.3 General Description of Navaglobe System 

1 .4 Technical Principles of Navaglobe 

Part II-Navar for Traffic Control Around Air
ports 

2 . 1  Basic Philosophy 

2 .2  Description of Functions Performed by 
Navar 

Introduction 

LITTLE more than 2 years ago, the 
laboratories of Federal Telephone and 
Radio Corporation became convinced 

that their work on radio aids to air navigation and 
the work of other companies and agencies engaged 
in this field were sadly in need of co-ordinated sys
tems planning. The instrument landing omni
directional range, and fixed-course range equip
ments, developed and manufactured by Federal 
and affiliate companies during the previous 
decade, were individually satisfactory, but the 
relationship of all these aids to each other and 
to the products made by other agencies appeared 
to lack basic co-ordination. Under the pressure 
of war needs and the impetus given to new 
developments by wartime discoveries, and be
cause of anticipated increase in air-traffic densi
ties, it was apparent that many overlapping 

*Based on Technical i\1emorandum No. 155. 

2.3 Principles of Operation of Navar Functions 

2 .4 Advantages of the Navar System 

Part III-Navaglide for Instrument Landing 
and Automatic Landing 

Part IV-Navascreen for Displaying and Com
puting Traffic-Control Data 

4 . 1  Basic Philosophy 

4.2 General Description of Navascreen System 

4.3 Advantages of Navascreen System 

plans were being made. As a result, a concen
trated effort toward systematic planning was 
urgently required if the whole art of radio aids 
to navigation and traffic control was to be saved 
from chaos. 

In view of this realization, Federal commenced 
an intensive campaign of system studies and, at 
the same time, a campaign of consultation with 
airlines and service groups. It soon became 
apparent that many other agencies were thinking 
along the same lines and that almost all agreed 
on the need for long-range systematic planning 
of future developments. 

From the consultations with airlines and Army 
and Navy agencies, a certain basic classification 
of the problems to be solved began to take form. 
Starting with the over-all global navigation prob
lem and working toward the end point of a final 
landing at a congested airport, the main divisions 
of the problem were formulated by E. M .  
Deloraine as follows: 

1 13  

www.americanradiohistory.com

www.americanradiohistory.com
frank
Rectangle



1 14 E L E C T R I C A L  C O M M U N I C A T I O N  

a. The problem of guiding aircraft over oceans 
or uninhabited jungle or arctic regions. 

b. The problem of navigating aircraft along 
pre-established airways which can be pro
vided with chains of radio ranges or other 
similar facilities. 

c. The problem of navigation and traffic con
trol in the vicinity of airports where the 
traffic densities and the operational require
ments necessitate an especially high order 
of service. 

d. The problem of bringing the aircraft safely 
down to the contact point on the selected 
runway (and perhaps also of further guiding 
it along this runway for a short time until 
its speed had slackened sufficiently to 
change over to some other form of control). 

A fifth subdivision of the problem, namely, 
the problem of guiding aircraft in their slower 
taxiing movements around the airport was 
briefly considered, but was not listed as a primary 
requirement a:; it appeared quite possible that 
this might be done without radio aids. 

Many apparently desirable solutions to the 4 
principal problems listed above presented them
selves. Those solutions which appeared to be the 
most attractive were analyzed in greater detail 
and some of these were reduced to the form of 
definite written proposals which were presented 
to and discussed with various government 
agencies, particularly the erstwhile Aircraft 
Radio Laboratories at Wright Field, Watson 
Laboratories, and Dr. Stratton's committee at
tached to the Office of the Secretary of War. 
Consultations were also continued with civilian 
agencies such as the Civil Aeronautics Adminis
tration and Aeronautical Radio, Inc. 

As a result of comments, criticisms, and sug
gestions made in regard to these earlier proposals, 
the subject matter was reviewed again and again, 
each time eliminating a number of objections 
or deficiencies, but each time discovering new 
difficulties. One of the basic requirements early 
pointed out by the Aircraft Radio Laboratories 
was that a tightly co-ordinated system, which 
could not readily be adopted in piecemeal 
fashion, must be ruled out because of the practi
cal impossibility of making any sudden universal 
change on a world-wide or even a nationwide 
basis. Yet all agreed that some consolidation of 

separate functions, at least in the airplane, must 
be aimed at to reduce the amount of airborne 
equipment required. 

Guided by the advice and suggestions men
tioned above, the system planning of Federal has 
gradually assumed a form which appears reason
ably well fitted to the existing plans and practices 
of the civil and armed-service agencies as well as 
to their anticipated needs. 

In the following pages, 4 systems or sets of 
equipments are briefly presented as Federal's 
contribution toward solving the basic needs of 
aerial navigation and traffic control. These 4 
systems do not correspond exactly to the 4 sub
divisions originally outlined. 

The problem of navigation along airways or 
over civilized continental areas, for one thing, 
appears already to be partially solved by the 
Civil Aeronautics Administration's proposed 
very-high-frequency omnidirectional ranges 
which will be installed in. chains throughout the 
United States during the coming decade. Supple
mental aids such as distance indicators will 
probably be added to these omnidirectional 
ranges. Some form of collision-warning equip
ment will probably also be considered a desirable 
addition, at least in the more densely travelled 
regions of the United States. It appears quite 
feasible, however, to use for such additional 
distance indication and anticollision features the 
same airborne equipment which is adopted for 
solving the third problem : navigation and air 
traffic control around airports. Accordingly, the 
following presentation of 4 Federal systems does 
not include any separate system directed solely 
at the problem of navigation along airways, 
although it is anticipated that the Navar system 
for navigation and control around airports will 
be used in part along the airways to supplement 
the very-high-frequency omnirange system. 

The 3 systems-"Navaglobe, "  " Navar," and 
"Navaglide"-first discussed in the following 
articles may therefore be considered as being 
primarily directed toward the 3 problems : long
range world-wide navigation, navigation and 
traffic control near airports, and instrument or 
automatic landing on a selected runway. The 
fourth of the systems hereafter described, the 
"Navascreen, "  is directed toward a new problem, 
namely, the problem of collecting, co-ordinating, 
and displaying on the ground, all available in-
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A E R IA L  NA V IGA T I ON 1 15 

formation from all kinds of sources as to the 
movements of airplanes. This Navascreen sys
tem is not in itself a radio aid to navigation , but 

is rather a data-posting, recording, and display
ing system particularly designed for the special 
problems of air navigation. 

Part I-Navaglobe System of Long-Range Navigation Over Oceans 
and Continents 

1.1 Basic Philosophy 

More than a hundred different systems for 
long-range navigation have been proposed, and 
more than a dozen of these have been given very 
serious study by Federal. Probably the most 
difficult and yet the most important factor in
volved in deciding among such systems is the 
basic question, "Which attributes are most im
portant for a long-range navigation system?" 

Accuracy, reliability, convenience of use, range 
of operation, weight, cost, convenience of siting, 
and many other advantages are advanced as the 
primary factors by proponents of various sys
tems. All are obviously desirable, but the basic 
question is, which are fundamental? 

After many discussions with operational 
personnel of several airlines and of the Armed 
Services, Federal has come to the conclusion that 
the 3 essential properties of a long-range naviga
tion system are: 

a. 100 percent reliability of propagation of the 
signals over the rated coverage area at 
every hour of day and night and every 
season of every year. 

b. A rated minimum-coverage area sufficiently 
large so that every travelled portion of the 
earth's surface may be covered by at least 
2 separate stations without requiring the 
construction of man-made islands for basing 
such stations. 

c. Some provision for double-checking the 
correctness of the indications given. 

In other words, Federal believes that, if 
necessary, an airline would accept a considerable 
sacrifice in convenience, accuracy, weight, cost, 
or any other factor, if it could be sure every one of 
its planes would always be able to determine its 
position at any place in the world; at any time 
of day or night ; any day of any year ; and would 
always be able to double check such deter
mination. 

Following far behind these 3 fundamental 
factors, Federal would list certain other second
ary factors in more or less the following order: 

cl. Simplicity of operation together with con
venience of reading. 

e. Practicability of siting the ground stations 
according to the so-called "single site" 
principle instead of the so-called "double 
site" principle. 

f. Reduction of drag of airborne antennas, 
reduction of airborne weight, reduction of 
cost of air and ground radio equipment. 

g. Capability of being modified for giving 
fractional-degree accuracy in a few portions 
of the world during wartime or other special 
conditions. 

It should be noted that in the above list, high 
accuracy is considered as- the least important 
requirement. This is because, in long-range aerial 
navigation, it is immaterial to an airplane flying 
in the middle of an ocean whether it deviates 
10, 25, or even 100 miles from its ideal position, 
provided that it approaches the correct position 
as it comes to its destination. Agencies so far 
consulted have agreed that accuracy is desirable 
if it involves no sacrifices of other features, but 
have admitted that the actual commercial need 
for accuracy at points remote from transmitting 
stations has never been substantiated. Most 
operational people dismiss the whole question 
with the statement that "over the ocean nobody 
cares where he is within 20 or 30 miles." The 
only suggestions that have been. made for com
mercially utilizing accuracies better than 1 
degree are that, if high accuracy could readily be 
provided, it could enable ground speed to be 
determined by successive fixes; and, further, that 
for some military purposes, where mobilization 
or guidance toward enemy objectives were de
sirable, higher accuracies might temporarily be 
desired. 
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1 16 E L E C T R I C A L  C O M M UN I C A T I ON 

Fig. I-Globe view I.* 

1.2 First }'ear's Study 

In investigating the possibility of 
obtaining the 2 most fundamental 
factors-100 percent reliability and 
world-wide coverage-it was necessary 
to consider first the second of these 
problems, world-wide coverage, and to 
ascertain the necessary range of opera
tion required from each ground sta
tion , since the question of reliability 
cannot be determined until after the 
distance of propagation has been speci
fied. Accordingly, the disposition of the 
land masses on the earth was studied 
intensively by reference to existing 
maps and by consultation with the 
Hydrographic Office. It appeared that 
a reliable transmission radius of at 
least 1500 miles would be necessary to 
provide duplicate coverage of the im
portant ocean regions of the globe from 

* Base map copyright by Rand McNally & 
Co., Chicago, Ill., R. L. 4632. 

land based stations. Duplicate coverage 
means that all points are within service 
radius of at least 2 ground stations to 
enable ,navigators to establish cross 
fixes. 

Figs. 1 ,  2, and 3 show a possible 
pattern of stations which would achieve 
the result of_duplicate coverage of the 
ocean regions all over the globe, except 
for the south polar region. Consider
able flexibility of pattern was found to 
be possible excepting in the south-east 
Pacific region. No consideration was 
given to the stations required to cover 
the continental areas since it was clear 
that this presented no difficulty. The 
only question considered was how small 
a working radius could be used while 
still insuring coverage of all travelled 
ocean regions. 

As mentioned above, this study 
showed that a working radius of 1500 
miles over sea water would be es-

Fig. 2-Globe view 2. 
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sential for a long-range navigation 
system intended to be extended to all 
travelled portions of the globe. The 
study further showed that a total of 
somewhat less than 60 stations would 
suffice for covering all ocean areas. It 
was clear that only a few additional 
stations would be required for coverage 
of each continent, so that not more 
than 75 stations in all would be needed 
for complete coverage of the globe 
exclusive of the south polar cap. 

An intensive review of all available 
data on propagation characteristics of 
various radio frequencies was next un
dertaken. This study was directed to 
the question of which frequencies could 
be relied on to propagate to a distance 
of 1500 miles over sea water 100 per
cent of the time. Needless to say, it 
was soon found that no radio propaga
tion can be said to be 100 percent 
reliable. Nevertheless, after careful 
review of more than 100 published 
articles covering some 20 years, it was 
finally found that it is possible to 
achieve reliability in excess of 99 per-
cent; but this is practical only through the use 
of low frequencies in the vicinity of 70 kilo
cycles per second and with extremely narrow 
bandwidths of the order of 10 to 20 cycles per 
second. 

A summary of propagation studies1 shows that 
frequencies between 15 kilocycles and 70 kilo
cycles are the best from the standpoint of reliable 
reception from a distance of 1500 miles with a 
given radiated power, taking into account the 
weakest signal propagation and the highest 
atmospheric noise level, but disregarding practi
cal considerations of antenna cost and antenna 
efficiency. If the antenna efficiencies are taken 
into account and the antennas are limited to 
simple 2-tower flat-tops or single-mast umbrella 
loaded types with effective heights of the order 
of 300 feet, then it appears that the optimum 
frequency (i.e. the frequency giving a reliable 
1 500-mile working radius with the least power 
input to the antenna) is between 50 and 100 

1 P. R. Adams and R. I. Colin, "Frequency, Power, and 
Modulation for a Long-Range Radio Navigation System," Electrical_Communication, v 23; June, 1946. 

Fig. 3-Globe view 3. 

kilocycles. If it is desired to cheapen the an
tennas slightly at some increased cost in re
quired input power, this study shows that the 
frequency may be raised as high as 125 kilocycles 
with only about 50 percent increase in required 
power, and may even be raised as high as 1 75 
kilocycles with only approximately a 3-fold 
power increase. 

On the assumption that the receiver band
widths can be narrowed down to 20 cycles, it 
appears from the above-mentioned study that 
the input powers required for almost 100 percent 
reliability would be of the order of 7 kilowatts in 
northern United States and Canada, 25 kilo
watts in the vicinity of New York, and 100 
kilowatts for most tropical stations. These full 
powers, however, would be required only during 
certain days of certain seasons, so that the 
stations would normally operate with less than a 
quarter of the powers mentioned. The antenna 
efficiencies are estimated to be about 60 percent 
so that the radiated powers would be of the order 
of 4200 watts in Maine, 15 kilowatts in New 
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1 18 E L E C T R I CA L  C OM M UN I CA T I ON 

York, and 60 kilowatts in the tropics during the 
worst seasons and a third or a quarter as much 
during other times. 

It is estimated that, except for a regular brief 
interruption of propagation lasting about 15 
minutes at an accurately predictable time in the 
evening, the signal-to-noise ratio at a radius of 
1500 miles would be sufficient for reliable opera
tion approximately 99;9 percent of the time. 

1.3 General Description of Navaglobe 
System 

The Navaglobe system is essentially a low-fre
quency continuous-wave omnidirectional range 
which is received on the airplane by a very 
narrow-band receiver equipped with a special 
azimuth indicator as illustrated at the left of 
Fig. 4. This narrow-band range receiver makes 
use of a loop antenna, shielded to minimize 
the effects of precipitation static and cross-field 
corona static. Advantage is taken of the loop's 
directive pattern to provide additionally an 
automatic-direction-finder indication in the air
plane, as illustrated at the right of Fig. 4. Both 
the azimuth meter indication provided according 
to the omnidirectional range principle, and the 
bearing indication provided by the automatic
direction-finder principle, are fully automatic. 
Thus, when the equipment is switched to a 
desired ground -station, the indicators shown in 
Fig. 4 automatically turn to indicate either the 
azimuth of the airplane from the station, or the 
true bearing of the station from the airplane, 
respectively, depending on the position of the 
system selector switch. 

As will be seen from Fig. 4, the azimuth meter 
is arranged to make 2 revolutions for 360 degrees. 
ln Fig. 4, the pointer of the azimuth meter is 
shown as indicating an azimuth of 255 degrees. 
This represents the azimuth angle of the air
plane as seen from the ground station. The true 
bearing from the aircraft to the ground station 
would be the reciprocal2 of this azimuth angle, 
namely 75 degrees. (This is true up to the point 
where convergence of the meridians matters.) 
Referring to the right-hand or automatic-direc
tion-finder (ADF) meter, it will be seen that the 
pointer indicates a true bearing angle of 75 de-

2 In Navigation, A and B are reciprocal angles where 
A±180°=B. 

grees. The double-scale feature of the left-hand 
or azimuth meter greatly facilitates the operation 
of checking one meter against the other since the 
2 scales shown on the azimuth meter are recip
rocals of each other, i .e. ,  the reading of one scale 
is equal to 180 degrees plus the reading of the 
other scale. Since the true bearing from the air
craft to the ground station as shown by the 
automatic-direction-finder meter is the reciprocal 
of the azimuth angle, the reading of the auto
matic-direction-finder meter should agree with 
the reading of the nonused scale of the azimuth 
meter. Thus, in the case assumed for illustration, 
where the azimuth is assumed to be 255 degrees, 
the lower set of numerals on the azimuth meter 
represents the true azimuth scale and the upper 
set is disregarded. For the purpose of checking 
with the automatic-direction-finder meter, how
ever, the upper or unused scale of the azimuth 
meter showing a figure of 7 5 degrees should 
correspond to the reading of the automatic
direction-finder meter. 

At first sight, it might appear that 2 readings 
being derived from the same transmitter would 
be subject to the same errors so that one would 
not constitute a reliable check on the accuracy of 
the other. Practically, however, the errors of the 
2 readings are quite independent, so that check
ing one of these readings against the other is a 
reliable way of detecting any errors. 

It is true that a complete failure, i .e . ,  a break
down of the transmitter or receiver, will disable 
both meters. This, however, will be apparent at 
once. The most serious danger which must be 
guarded against in any navigation system is not 
so much the danger of an obvious failure, caused 
by breakdown, but the danger of incorrect opera
tion which is not apparent. lt is axiomatic that 
no system relied on for safety of human life 
should be capable of giving an incorrect reading 
without providing some method of revealing 
such incorrectness. 

The possible errors in the airborne direction 
finder of the Navaglobe system are quite inde
pendent of the possible errors in the omni
directional range portion of this system. The 
principle sources of direction-finder error are 
polarization errors, errors in alignment or balanc
ing of the loop, and errors in the mechanism used 
for converting the loop signals into meter 
indications. 
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The principle sources of  azimuth-meter error 
are waves reflected from large objects such as 
mountains in the vicinity of the transmitter, 
errors in relative phasing of the transmitting 
antennas (resulting from detuning of the an
tennas by sleet or sag, or from misadjustment of 
phase-determining circuits in the transmitter or 
transmission-line equipment) , and finally errors 
in the indication equipment used for producing 
the pointer deflection of the azimuth meter. It 
can be shown that none of these errors is likely 
to affect similarly both the azimuth and the 
automatic-direction-finder meters. Therefore, by 
checking these meters, one against the other, the 
pilot or navigator can assure himself that none 
of these errors is present. 

Although it provides 2 quite separate indica
tions of each directional reading, as above de
scribed, the Navaglobe system requires only a 
single low-frequency receiver on the aircraft with 
its single loop antenna. The only equipment 
which is separate for the 2 types of readings com
prises the 2 indicators themselves, plus a small 
amount of control equipment in the receiver. 

The Navaglobe airplane equipment is arranged 
so that fly-left and fly-right signals can be taken 
therefrom, for application to the right-left needle 

of the standard crosspointer (see Fig. 15 of 
Part I I I) or for application to an automatic 
pilot. For this purpose, the azimuth meter is 
provided with a colored path-selecting needle 
adjusted by a suitable knob ; and a simple 
voltage divider is provided in the back of the 
meter for producing right-left signals in accord
ance with the deviations of the airplane's 
azimuth from the selected azimuth as set on this 
colored needle. 

In order that the automatic-direction-finder 
meter may read true bearing rather than relative 
bearing, the inner finely calibrated dial of this 
meter is arranged to be rotated by a selsyn re
peater controlled from some suitable aircraft 
compass such as an earth-inductor, flux-gate, or 
gyrosyn compass. Under normal conditions, when 
the true north can be determined reasonably 
accurately, the automatic-direction-finder meter, 
therefore, reads true bearing and can be double 
checked against the reading of the nonused scale 
on the azimuth meter as previously described. 

An interesting feature of the Navaglobe sys
tem is that by reversing this process the direction 
of true north could be determined. This might 
conceivably be made use of in flights near polar 
regions or under conditions of magnetic storms 

when the magnetic 
compass fails. To do 

NAVAGLOBE 
AZIMU TH 

METER 
PATH SELECTOR 

NEEDLE 
NAVAGLOBE 

A.O.F METER 

ROTATING IN NER 
S CALE READS 

TRUE BEARING 
TO S TATION 

this it is merely neces
sary to adjust the 
variation control of the 
magnetic com.pass until 
the readings of the 
azimuthandautomatic
direction-finder meters 
in the Navaglobe indi
cator group agree with 
each other. Then, the 
reading of the magnetic 
compass will be correct. 

AZIMUTH 
POINTER 

FIXED OUTER 
SCALE REPRESENTS 

BEARING OF STATION 
RELATIVE TO HEADING 

OF AIRPLANE 

Fig .. ,4-Standard Navaglobe indicators. 

Another feature of 
the Navaglobe system 
may be mentioned al
though this is not of 
importance for most 
civil use. By the addi
tion of a small special 
relay and 2 switches, 
the Navaglobe receiver 
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can be adapted to operate not only with 
the standard Navaglobe transmitting stations 
herein described, but also with a modified or 
"vernier" type of Navaglobe station that gives 
high-accuracy readings at the cost of a less
convenient operating procedure. When the re
ceiver is equipped with these additional com
ponents, a group of 11 ring-shaped dials will also 
be provided ; they can be snapped into position 
on the face of the azimuth meter. These dials are 
arranged to show the airplane's azimuth in tenths 
of a degree on a very expanded scale so that each 
dial covers only about 10 or 12 degrees of azi
muth. When using this high-accuracy system, 
the airplane's approximate azimuth must first 
be determined within 20 degrees or so by use of 
the automatic-direction-finder meter or other 
means to determine which dial should be em
ployed. Then the correct dial is attached and the 
meter is used to read directly the correct azimuth 
in tenths of degrees. While this feature is 
probably not of interest to commercial aviation, 
it is mentioned as an advantage of the Navaglobe 
system because there is reason to believe that 
the armed services would lend their support 
more readily to a navigation system capable of 
being used for fine vernier readings as well as for 
coarse readings. 

1.4 Technical Prin
ciples of Navaglobe 

PATTERN PRODUCED BY 
"B" PAIR OF ANTENNAS 

g1vmg aural indications, however, Navaglobe 
gives direct-reading pointer-type indications. 
Moreover, these are given at any azimuthal 
position of the airplane rather than along 2 or 4 
fixed courses. For this purpose, the system makes 
use of 3 successively radiated signals plus an 
initial synchronizing signal, the whole cycle tak
ing place once per second. 

The ground transmitter makes use of 3 an
tennas disposed in an ,equilateral triangle as 
indicated by the 3 dots in the center of Fig. 5. 
Only 2 of these antennas are used at any time; 
the A pair of antennas is used to produce the 
A radiation pattern, the B pair is thereafter 
energized to produce the B radiation pattern , 
and lastly the C pair is used to produce the C 
radiation pattern. The 3 successive signals are 
separated in a receiver and applied to a mecha
nism that produces the required indication by a 
process of vector comparison. The function per
formed by this mechanism is the same as would 
be performed by a ratiometer consisting of 3 coils 
disposed at 1 20 degrees and a magnetic needle 
which aligns itself with the resultant field. Such 
a needle would indicate directly the desired 
azimuth angle. The only ambiguity is 180 
degrees, which for cross fixes is no ambiguity 
at all. 

PATTERN PRODUCED BY ''c'.' PAIR OF ANTENNAS As previously men
tioned, the Navaglobe 
principle consists basi
cally of a narrow
band long-wave omni
directional range on 
the ground, with the 
addition of an auto
matic-direction-finder 
feature in the airborne 
range receiver. The 
omnidirectional range 
operates by the am
plitud e - comparison 
principle similar to 
the conventional 2-
course ranges exist
ing throughout the 
U. S. A. Instead of 
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Fig. 5-Radiation patterns for standard Navaglobe. 
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To insure reliable operation under conditions 
of severe noise, the receiver bandwidth is made 
extremely narrow, preferably of the order of 20 
cycles total ; and in addition, the signals may be 
integrated over a period of several seconds to 
average out the effects of noise. In such a case, the 
ejf ective accuracy is equal to that which would be 
attained with a bandwidth of the order of 0.3 to 0.15 
cycle per second. Both the azimuth and auto-

matic-direction-finder meters consequently may 
be somewhat sluggish in their operation under 
worst atmospheric conditions and it is estimated 
that these meters may require approximately 
10 seconds to come to rest in position for taking 
a reading. It is believed that this sluggishness is 
a very small price to pay for the exceptionally 
high reliability which the N avaglobe system 
promises to provide. 

Part II-Navar for Traffic Control Around Airports 

2.1 Basic Philosophy 

It is generally recognized that the problem of 
traffic control and navigation around airports is 
the most pressing of the whole aerial navigation 
field , and that at least the more urgent aspects of 
this problem must be solved as soon as possible. 

On the other hand, it is clear that serious 
future difficulties will result if we continue any 
longer with the wartime practice of satisfying 
each need as it arises on a purely stop-gap basis, 
without regard to any ultimate co-ordinated goal. 

Federal's basic conception is that these con
flicting requirements can best be met by setting 
up as the ultimate goal a fairly definite, reason
ably well-co-ordinated, system composed of cer
tain basic units and additional auxiliary units 
associated therewith. Even the earliest steps 
taken for satisfying immediate needs should be 
controlled so as to fit in with this ultimately 
planned system. 

For such procedure to be feasible, it is essential 
that the ultimate system set up as a goal should 
have the following 4 characteristics: 

a. It must be capable of gradual adoption ; the 
various functions which are regarded as 
ultimately desirable being capable of suc
cessive adoption by the addition of corre
sponding auxiliary units. 

b. The order in which the several functions 
are designed to be adopted must correspond 
to the relative urgencies of the existing 
needs, so that the more urgent operational 
requirements can be immediately solved 
without departing from the outlines of the 
system. 

c. The equipment proposed for solution of the 
more urgent problems, in accordance with 
the planned system, should be of an im-

mediately available type using known and 
proved technique and developments and 
amounting to no more than the redesign of 
apparatus previously built. 

d. The ultimate goal should be sufficiently 
ambitious to satisfy the requirements for 
at least 5 or 10 years, insofar as these can 
be foreseen. 

Out of this fundamental philosophy certain 
specific conclusions may be drawn : 

It is clear that the most important aid imme
diately available to traffic control is the ground 
surveillance radar ; and it therefore follows that 
the system set up as a pattern for present and 
future action should make use of ground surveil
lance radar of conventional pulse type as its 
basic element. 

Second, it appears that the most useful single 
step for improving a ground surveillance radar is 
the general adoption of high-performance re
sponder beacons in all aircraft flying under 
instrument conditions. Accordingly, it appears 
that one of the earliest functions required in 
airborne equipments of the planned system 
should be the provision of responder-beacon 
service. 

The provision of surveillance radars on the 
ground and responder beacons in the airplane, 
which can be foreseen as early and inevitable 
steps, would provide reasonably good ground 
information. However, they would not provide 
information in the airplane. To meet this re
quirement it probably will be necessary, in a 
comparatively early second stage, that some sort 
of distance meter and some sort of azimuth 
meter be provided in the airplane. The very
high-frequency omnirange proposed by the 
Civil Aeronautics Administration will probably 

www.americanradiohistory.com

www.americanradiohistory.com


122 E L E C T R I C A L  C O M M UN I C A T I ON 

be used for azimuth, although Federal believes 
that ultimately more-accurate azimuth indica
tions may be conveniently obtained in the region 
around a surveillance radar from the very narrow 
rotating beam inherently provided by such 
radar. Distance indicators of various types have 
already been developed at various frequencies. 
It seems certain that some such distance indi
cators will be adopted at an early stage. What
ever the frequency ultimately decided on for 
such a distance indicator, it appears extremely 
desirable to consolidate this with the frequency 
used for the airborne responder beacon. These 
2 equipments could then be combined with a 
consequent great reduction in the total amount 
of airborne apparatus. 

Thus it appears reasonably certain that the 
first 2 steps which must be taken are (a) the 
general use of ground surveillance radars with 
the adoption of airborne responder ,beacons to 
improve such radar service; and (b) the provision 
of some sort of azimuth meter and some sort of 
distance indicator in the cockpit. (Preferably the 
responders of (a) and the distance indicator of 
(b) should be combined.) 

It is clear that the ultimate goal envisaged 
should involve considerably more complete 
service than the mere provision of beacon
assisted radar displays on the ground, and dis
tance and azimuth indications in the airplane. 
A series of additional functions beginning to 
be recognized as ultimately desirable, is the 
automatic reporting of such data as identity and 
altitude to supplement the plan-position in
formation provided by the responder-assisted 
surveillance radars on the ground. 

There is general agreement that some sort of 
identification must be given. There is somewhat 
less agreement with respect to the extent of 
identification information which should be given ; 
also, with respect to the question of whether 
altitude information could be given by responder 
beacons or be determined by height finders on 
the ground. Federal's position on this question 
is that the identification information should be 
given in a form capable of handling a very large 
number of different identification codes so that 
each airplane may have a permanently assigned 
identification code. 

In respect to altitude information, it is felt 
that the desirable accuracies of altitude deter-

mination are of the order of 100 feet or so and, 
therefore, ultimately satisfactory control cannot 
be achieved at reasonable distances by un
assisted height-finder techniques. It is accord
ingly believed to be necessary, ultimately, to 
provide some sort of altitude information by 
responder action. 

In addition to providing the ground with the 
above-mentioned extra information, with respect 

, to altitude and identity, it is believed that the 
ultimate goal should also include some means for 
producing a single integrated pictorial display. 
In such a display the plan-position information 
from the plan-position-indicator (PPI) scopes, 
and the altitude and identification information 
transmitted by the responder beacons, are com
bined in a simple readily readable form. This 
information should additionally be made avail
able for controlling, computing, recording, tabu
lating, and predicting mechanisms of various 
types not yet clearly foreseen. Hence, it appears 
desirable to add the requirement that the in
formation on the ground should not only be 
displayed in an integrated pictorial form, but 
should also be translated into the form of positive 
"tele-control" signals such as telegraph or selsyn 
signals which are readily adaptable for remote 
transmission and for con trolling electromagnetic 
mechanisms. 

Thus it is our belief that after the completion 
of the early steps (a) and (b), a group of addi
tional functions (c) must be provided to give 
really complete aid to the ground controllers. 
These should include the automatic reporting 
of altitude and identity information by the air
plane, as well as the integration of this informa
tion plus the plan-position information and 
flight-direction information, all combined into 
a single clearly readable display, and including 
its translation into a positive "tele-control" form 
of signal. 

A principle, which has been strongly urged by 
Federal for the last 2 years, is that of pictorial 
display of information not only on the ground, 
but also in the air. 

Because of the known shortcomings of radar 
plan-position-indicator oscilloscopes, Federal's 
earlier proposals, made in the spring of 1944, 
suggested a synthetic form of pictorial display 
showing only the airplane's own position with a 
separate low-resolution display showing other 
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airplanes within the altitude layer of interest. 
Successively, later proposals during the same 
year presented by Federal for comments and 
criticisms expanded the principle of the pictorial 
display to include in one picture not only the air
plane's own position , but the position of other 
surrounding aircraft. Regardless of the details, 
however, Federal has consistently urged that the 
ultimate cockpit presentation should be in the 
form of a picture showing a map .of the region 
to be flown, a representation in contrasting colors 
of the pilot's own airplane, a lso, possibly, other 
airplanes in the same altitude layer. It is believed 
that this concept is now becoming recognized as 
a desirable and ultimately achievable goal toward 
which planning should be directed. 

This does not mean, however, that a good cock
pit scope is now available, nor that the prob
ability of perfecting such a scope reasonably soon 
justifies the abandonment of presently available 
solutions to immediate needs, filled partially by 
distance and azimuth meters in the cockpit. 

In summation, Federal feels the fundamental 
need to be a system capable of piecemeal 
adoption so as to satisfy early needs quickly, yet 
capable of extension toward a more ambitious 
ultimate goal .  Progressively, the steps which can 
be fairly definitely foreseen are : 

a. The provision of ground surveillance radar 
and airborne responder beacons. 

b. The provision of distance and azimuth 
indications in the cockpit. 

Later stages of the development should include : 

c. Some means for giving the ground addi
tional information as to identity and 
altitude, as well as some equipment for 
integrating all the information into a con
venient single pictorial display. Also means 
of translating all this information into a 
positive "tele-control" form suitable for 
transmission to a distant point and for 
operating tabulating, computing, and other 
mechanisms. 

d. Some means for giving each airplane extra 
information as to the ·positions of other 
aircraft ; in a convenient pictorial form of 
display of all given information. 

2.2 Description of Functions Performed by 
Navar 

The above analysis of basic requirements, 
worked out during the past 2 years with the 
assistance and advice of many agencies, leads to 
the conclusion that' the most essential functions 
that must be performed by any system of traffic 
control and navigation around airports are : 

a. To provide a radar surveillance function on 
the ground and at least a minimum re
sponder-beacon operation in each airplane. 

b. To give each airplane at least distance and 
azimuth information. 

c. To give the ground extra information and 
a better form of display-particularly in
formation as to the identities and altitudes 
of the airplanes shown by the surveillance 
radars. A display showing all available 
information in convenient integrated pic
torial form, also making this information 
available in a positive "tele-control" form 
suitable for recording, computing, statiscal 
tabulation, and remote transmission. 

d.  To give each airplane additional informa
tion and a better form of display-partic
ularly including information as to the 
positions of other aircraft of interest to the 
pilot-all in a convenient, integrated, 
pictorial form. 

The group of equipments described in this 
section , under the name of the Navar system, 
performs all these essential functions (except for 
the provision of the convenient integrated 
pictorial form of ground display) , showing alti
tudes, identities, and giving a "tele-control" form 
of signal. The system of integrated pictorial 
ground display can best be performed by an 
auxiliary installation, described later in Part IV 
under the title Navascreen. Even the ground 
displays given by the Navar system alone, how
ever, are believed to be substantially more 
convenient and more suitable for operational 
needs than previously known or proposed ground 
radar displays. 

The Navar system, moreover, is designed so 
that the more urgent types of functions can be 
provided for immediately, without waiting until 
all the ultimately planned extra functions and 
refinements are ready for adoption. Thus, if the 
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from the order in 
which these would 
actually be put to 
use. 

The 8 most impor
tant functions of the 
complete Navar sys
tem are summarized 
in Fig. 14. 

Fig. 6-Normal radar plan-position indicator. 

As shown in the fig
ure, the first 3 func
tions all serve to pro
vide ground radar 
plan-posi  tion-indi
cator disp:lays of the 
positions of airplanes 
within the effective 
radius of the ground 
station, i .e. ,  within 75 
or 100 miles. These 
3 displays, however, 
differ from each other 

perfection of the Navascope airborne oscilloscope 
display requires a year or 2 ,  this need not delay 
the adoption of the simple distance-azimuth 
meters (which give the pilot at least the minimum 
essential knowledge of his own position) .  Simi
larly, should there be some delay in developing 
and putting into operation the Navascreen 
system, which combines several kinds of data in 
integrated form and also translates these data 
into "tele-control" form, this need not prevent 
early adoption of the ground radar and airborne 
responder-beacon equipments with their immedi
ately useful plan-position-indicator displays. 

To exemplify clearly this capability of succes
sive adoption of functions in the order of their 
urgency, a description of the Navar system 
might well be separated into 5 or 6 successive 
steps, describing in this first step only the most 
urgent functions and the manner of performing 
them with the least development and minimum 
amount of initial equipment, and then describ
ing in each successive step the manner of pro
viding for the next most urgent functions. In 
the interests of brevity and clarity, however, the 
following description considers the Navar system 
as a whole. The order in which the different 
functions are discussed may depart somewhat 

in certain respects 
which are believed to' be of great practical im
portance from an operational standpoint. 

2 . 2 . 1  FUNCTION I (NORMAL RADAR PLAN-POSI
TION INDICATOR) 

The first display in Fig. 14 is a conventional 
plan-position-indicator display produced by a 
normal S-band radar unassisted by any airborne 
responder beacons. It is subject to ground clutter 
and to direct hash from other radar sets, as well 
as having an appreciable noise background. It is 
less clear and less easy to read and interpret than 
either of the other 2 ground displays ; but it is 
useful because it shows even those airplanes 
which are not equipped with any responder 
equipment or whose responder equipment is not 
operating (hereafter called "stranger" airplanes). 

2 .2 .2  FUNCTION I I  (COMPREHENSIVE BEACON
RADAR PLAN-POSITION INDICATOR) 

The second display in Fig. 14 is a plan-position 
indicator produced by a so-called beacon radar, 
i .e . ,  a radar which depends on the responses of 
airborne responder beacons (on another fre
quency) rather than on the natural reflections 
from the airplane's wings and fuselage. Such 

www.americanradiohistory.com

www.americanradiohistory.com


A E R I A L  N A V IG A T I ON 125 

radars are free of 
ground clutter and 
have less noise back
ground and less hash 
from other radar sets. 

The comprehensive 
beacon-radar p lan
pos1t10n indicator 
would show all air
planes having work
ing responder bea
cons. If suitable reg
ulations compel all 
a irp lanes  h avin g  
"instrument ratings" 
to carry at least crude 
responder beacons 
(and to limit all 
o thers to contact 
flying) , then in instru
ment weather practi
cally all airplanes 
would be shown on 

Fig. 7-Comprehensive beacon radar plan-position indicator. 

this comprehensive beacon-radar plan-position 
indicator. All those that were shown, would be 
clearly and plainly seen without expert study. A 
map of different color from the spots represent
ing airplanes is optically superposed on this 
display by means of a glass plate used as a trans
parent mirror. 

This display may also include a layer-blanking 
feature by which the operator can blank out or 
erase the spots representing airplanes within any 
selected altitude layer of adjustable thickness. 
Assuming that the layer thickness has been 
adjusted to 1600 feet (i.e . ,  800 feet above and 
below the nominal center altitude of the layer) , 
then if the operator turns on the blanking control 
and sets his altitude dial to a nominal height of 
5000 feet, this will blank out all the spots re
presenting airplanes within 800 feet of this 
nominal height (i .e. ,  all spots representing air
planes between about 4200 and 5800 feet). Alter
natively , the selected layer may be brightened 
or defocused, or may even be the only one shown. 

It is assumed that the traffic controller will 
use mainly the clear readable indications of the 
comprehensive beacon-radar plan-position indi
cator and that the principal duty of the operator 
at the normal radar plan-position indicator 

will be to check continuously, to be sure there 
are no "stranger" airplanes in the region (i.e. , 
airplanes without working responder beacons, 
which show on the normal radar but not on 
the comprehensive beacon-radar plan-position 
indicator) . To facilitate this task, the Navar 
displays are arranged so that the normal radar 
plan-position indicator is yellow in color and 
has optically superimposed on it an orange 
image of the comprehensive beacon-radar plan
position indicator. This will be more clearly seen 
by comparing Figs. 6 and 7 which show these 2 
displays as they would actually appear. 

2.2.3 FUNCTION I I I  (SELECTIVE BEACON-RADAR 
PLAN-POSITION INDICATOR) 

The third display of Fig. 14 is the selective 
beacon-radar plan-position indicator which is 
shown more clearly in Fig. 8. (The circle and 
radial line shown in Fig. 8 is used for another 
feature hereafter described and may be dis
regarded at this time). This is also a clutter-free 
display of the beacon-assisted type, but differs 
from the display of Fig. 7 in that it selectively 
shows only those airplanes whose responder 
beacons are tuned-in to the Navar ground equip
ment of the particular airport in question, (e.g . ,  
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2.2 .4 ADVANTAGES 
AND SHORTCOMINGS 
OF FUNCTIONS I, 
I I ,  I I I  

Fig. 8-Selective beacon radar plan-position indicator. 

The 3 displays 
corresponding to the 
first 3 functions of 
Fig. 14 have many 
advantages over the 
plan-posi t ion- indi
cator displays here
tofore used or pro
posed. The super posi
tion of the compre
hensive beacon-radar 
display on top of the 
normal radar plan
position indicator, but 
with a clearly distin
guishableorangecolor, 
greatly facilitates the 
problem of picking 

Idlewild Airport) . These tuned-in airplanes, 
hereinafter called "member" airplanes, will be 
those 10 to 30 airplanes that are scheduled to 
land at Jdlewild Airport. The many other air
planes-perhaps 100 to 250 in number-which 
are merely passing through the coverage region of 
the Idlewild radar station (and scheduled for 
landing at LaGuardia, N�wark, Westchester, 
Mitchel, Roosevelt, Floyd Bennett, or other air
fields) will not appear on the selective plan- . 
position indicator of the Idlewild display. 

This separate display of only member airplanes 
is important if, as we expect, the function of 
accurately scheduling arrivals (and of request
ing time-saving increased speed or time-wasting 
fishtail flight for exactly adjusting a number 
of arrivals so as to mesh properly for succes
sive landings) is to be handled somewhat 
separately from the purely safety function of 
imposing negative limitations on all airplane 
movements, as required for collision-prevention 
purposes. 

This display also has an optically superposed 
map of contrasting color and may also be equip
ped with the layer-blanking control previously 
described. 

out any "stranger" 
airplane so that this can be specially handled. 
The layer-blanking feature is useful in giving 
a rough check on altitudes. The provision 
of fixed maps of contrasting colors optically 
superposed on all displays is much more con
venient than the use of arbitrary grids or maps 
produced by injected video signals, because the 
latter are necessarily of the same color as the 
spots representing airplanes. As compared with 
transparent maps physically placed over the 
plan-position-indicator screens, the optically 
superposed maps are much less subject to 
parallax error and can be more accurately 
registered. 

Most important of all is the separate provision 
of 3 displays : one showing only "member" air
planes (those tuned to the station in question) ;  
another showing all beacon-equipped airplanes, 
both "guests" (those equipped with beacons 
but tuned to some other station) and' "mem
bers" (as above defined) ; and a third, showing all 
airplanes whether "members," "guests" or 
"strangers" (with the previously mentioned 
superposed image to make the strangers easily 
distinguishable) . 

The principal shortcomings of the 3 Navar 
ground displays may be summed up by the state-

www.americanradiohistory.com

www.americanradiohistory.com


A E R I A L  N A V IG A T I ON 12i 

ment that each display gives clearly only the 
plan-positions of the airplanes shown thereon, 
but does not properly combine with these any 
clear convenient display of altitude, identity, and 
direction of flight. This is because of the limita
tion of radar plan-position-indicator scopes 
which cannot yet be made to show several differ
ent colors nor to reproduce legibly hundreds of 
small letters and numbers. 

It is, of course, possible to display much more 
information by the use of more than one oscillo
scope but this defeats the main principle-that 
of providing all information needed for one con
troller on one integrated display. 

. For a truly complete ground display, it is 
believed essential to provide one integrated dis
play showing continuously not only altitmles, but 
also directions of flight and identity in convenient 
and easily readable form. This is proposed to be 
accomplished along with several other important 
functions by the Navascreen installation de
scribed in Article IV. 

2.2.5 FuNcTIONs IV AND V (DrsTANrn-Azr111uTH 
METER) 

The fourth and fifth displays shown in Fig. 14 
represent, respectively, distance and azimuth 
meters in the cockpit 
of the airplane. These 
would preferably be 
combined in one in-

To make it practical to fly such offset paths 
(as well as to increase the convenience of radial 
and orbital flights) , an offset controller may be 
provided. As illustrated in Fig. 9, such controller 
has 2 knobs for setting-in the desired direction 
of flight of a �-h��ired offset flight path, and the 
amount of offset , of such flight path from the 
ground station. A third knob determines whether 
this offset is to the �ight or the left. For radial 
flight the settings are similar, except that the 
offset distance is set to 0. For orbital flight the 
raflius of the orbit is set as desired and the third 
knob is set for "normal orbiting" or "clockwise 
orbiting" as desired. When this offset-path con
troller is thus set to preselect a desired path, it 
makes available a control voltage which may be 
applied to the left-right needle of the usual cross
pointer (see Fig. 15) or to an automatic pilot. 
Thus, manual or automatic flight along the pre
selected path or orbit may be carried out just as 
in the case of flight along a range or localizer 
beam. 

2.2.6 FUNCTION VI (NAVASCOPE) 

The sixth function, schematically represented 
in Fig. 14, is an airborne pictorial type of display 
referred to as the Navascope. This Navascope 

LEFT KNOB ANO 
POINTER USED FOR 
SETTING DIRECTION 
OF DESIRED PATH. 

OFFSET PATH SELECTOR 

CENTER KNOB AND 
NUMBER WHEELS 

USED FOR SETTING 
OFFSC:T DISTANCE OR 

RADIUS OF ORBIT 

RIGHT KNOB 
SELECTS RIGHT 
OR LEFT OFFSET, 

OR NORMAL. 
OR CLOCKWISE 

ORBITAL FLIGHT 

strument as shown in 
Fig. 9. · For radial 
flight toward or away 
from the ground sta
tion, i t  is merely 
necessary to keep the 
azimuth constant, 
while for orbiting 
around this station, 
the distance should 
be kept constant. For 
flying a straight path 
which is offset with 
respect to the station, 
however, rather com
plex mental calcula
tions w-0uld be neces-

OISTANCE-AZIMUTH METER 

sary. Fig. 9-Navar distance-azimuth meter and offset-path selector. 
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,Fig. IO-Airborne Navascope. 

shows the position of the pilot's own airplane as 
well as the position of other airplanes in relation 
to a printed map of contrasting color which is 
represented in Fig. 10. A series of such maps 
representing the regions around different airports 
are printed on transparent cards which can be 
readily snapped in place over the face of the 
Navascope. A grid of fine green arrows represent
ing the heading of the airplane is also superposed 
on the Navascope display and is controlled from 
a suitable magnetic compass. 

The spot representing the pilot's own airplane 
is distinctively marked by a bright halo and is 
instantly distinguishable from others. The identi
fication of this spot does not depend merely on 
azimuth but on both azimuth and distance. 
Thus, even if one or more airplanes are flying at 
the same azimuth as the pilot's own airplane, no 
possible error in identification will result ; Fig. 10, 
for example, shows a condition where one other 
airplane happens to be at the same azimuth as 
the pilot's own airplane. In spite of this condition 
the identification of the pilot's own airplane is 
clear and unmistakable. 

Another important feature of the Navascope 
display is that it shows only airplanes that are 
approximately at the'"same altitude as the pilot's 

own airplane, avoid
ing the confusion 
which would result 
from showing 100 to 
200 airplanes in the 
cockpit display. The 
purpose of this layer 
display is to show 
only those airplanes 
which are flying with
in a certain layer of 
altitude. This layer 
is usually set at ap
proximately 1600 feet 
thick. It is automati
cally shifted as the 
airplane moves up 
and down, so that the 
layer shown is at all 
times properly cen
tered with respect to 
theairplane'sposition. 

Fig. 11 clearly shows 
how the altitude of 

the layer follows that of the a irplane as the latter 
ascends or descends. The 4 small diagrams in the 
upper portion of this figure show the pilot's own 
airplane descending successively through alti
tudes of 8200 feet, 8000 feet, 7800 feet, and 7500 
feet, respectively. These diagrams also indicate 
how the layer of vision of this airplane moves 
down gradually and continuously with the move
ment of the airplane. Thus when the airplane is 
at 8200 feet altitude, the layer within which 
other airplanes are shown extends 800 feet both 
above and below the airplane itself. Later when 
the airplane has descended to 8000 feet it will be 
seen that its layer of vision is correspondingly 
lowered so as to extend from 8800 feet to 7200 
feet. Similarly, as the airplane descends to still 
lower altitudes, its layer of vision descends 
smoothly with it so that this layer always con
tinues to extend 800 feet both above and below 
the altitude of the airplane. 

The lower portion of Fig. 11 shows how the 
thickness of the layer can be adjusted. It is 
assumed that this layer will usually be set at a 
thickness of 1600 feet, i .e. ,  800 feet above and 
800 feet below the airplane, but if desired this 
layer can be made thicker or thinner as shown in 
the lower portion of the same figure. 
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2 .2 .7 FUNCTIONS VII AND VI II  (SELECTIVE 

SPOTTING-REPORTER AND ANNUNCIATOR) 

The last 2 functions summarized in Fig. 14 
are closely associated with each other, but are 
separately shown, since in other systems these 
are usually offered independently. It is possible 
by means of one of these functions for a ground 
controller to pick out individually one particular 
airplane, which he sees as a spot on his display, 
and to obtain, by an automatic reporting method, 
detailed and accurate information as to the 
identity and altitude of such airplane. The other 
function enables the ground controller to send 
simple visually displayed commands to a par
ticular airplane. 

Both of these features depend on positively 
spotting or picking out a particular one of the 100 
or more airplanes shown on the ground display. 
Ordinarily the controller will not know the 

identity or name of the airplane which he wishes 
to pick out but will only see it as a spot. To 
select this one particular airplane, therefore, it is 
necessary for him to set a pair of cross hairs to 
intersect the spot in which he is interested. Of 
these cross hairs, one has the form of a straight 
radial line which may be swung around to any 
angle by a suitable control, while the other has 
the form of a circle which may be expanded or 
contracted to any desired radius. These cross 
hairs are illustrated in Fig. 8. 

Assume that the ground controller wishes to 
ascertain the identity and accurate altitude of 
a particular airplane which he sees on the 
selective beacon-radar display of Fig. 8. He 
first throws a switch to make the cross hairs 
visible, then rotates 2 hand wheels to adjust the 
2 cross hairs so that they intersect on the spot in 
question. Finally he presses an interrogation 
button which causes the airplane to report 

Fig. 1 1-Variation of layer displayed. 
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automatically its altitude and identity. Almost 
immediately this altitude and identity are dis
played on a meter and set of number wheels. 
Fig. 14 illustrates this function. 

If the controller's purpose is to send some 
simple command to the airplane instead of to 
interrogate it for automatic altitude and identity 
reporting, he sets the cross hairs as previously 
described but, instead of pressing the interroga
tion button, he presses one of several command 
buttons. This instantly causes the corresponding 
command to appear in front of the pilot on an 
annunciator (see Fig. 14) . These commands may 
indicate simple flight instructions such as "De
scend 1000 feet,"  "Climb 1000 feet," "Turn 
right 15 degrees, ' '  "Turn left 15 degrees."  

Alternatively, the commands provided on the 
annunciator may be arranged to facilitate the 
establishment of communication between the 
tower and the airplane. Thus a few simple 
commands such as ' 'Answer on channel A, ' '  
"Answer on channel B , ' '  "Answer on channel C, ' '  
etc. ,  might be provided. This method of setting 
up speech communications would eliminate the 
annoying feature encountered when a common 
guard channel is made use of for publicly an
nouncing to all pilots which channel is being , 
assigned to a certain pilot for communication 
with the tower. Furthermore, this method ap
pears to be the quickest way of establishing 
communication with a particular unidentified 
plane seen as a spot on the ground display. 

If the selective annunciator is used in this 
way for assigning speech channels and giving 
very simple flight instructions, the more complex 
flight instructions could conveniently be given 
by means of speech. Normally, this would be 
done by spotting the airplane with the cross 
hairs and visually instructing the pilots to 
"Answer on channel B , ' '  for example. The de
tailed flight instructions could then be given 
over channel B. 

In emergencies, when quick action necessitates 
giving instructions over the common guard 
channel, the selective reporter would still be ex
tremely useful since it vrnuld enable the controller 
to determine precisely the identity of the spot 
representing the airplane in danger. The con
troller would merely set his cross hairs on the 
airplane in question, causing its identification 
number to be displayed almost immediately. 

The instructions could then be given in the usual 
way over the common guard channel to which 
all airplanes are normally tuned. The knowledge 
of the airplane's identity provided by the selec
tive reporter in such a case is the quickest pos
sible way of insuring that the command is 
directed to the proper airplane. 

In cases where the airplane's communication 
set was temporarily tuned away from the guard 
channel for the purpose of conversation with the 
ground station or other airplanes, a special 
indication would be given on the selective 
annunciator such as "Emergency ! Answer on 
guard channel !" 

2.3 Principles of Operation of Navar 

Functions 

The basic principles of operation of the Navar 
functions summarized in Fig. 14 are extremely 
simple and may be outlined in a few paragraphs. 

2 .3 .1  FUNCTIONS I, I I ,  I I I ,  (GROUND DISPLAYS) 

The first ground display known as the normal 
radar plan-position indicator is merely the usual 
display given by a conventional search radar, 
except that it has superposed on it in orange 
color a representation of the comprehensive 
beacon-radar display to facilitate picking out the 
so called "stranger" airplanes. The second dis
play of Fig. 14 is merely a conventional beacon
assisted radar display, except that the receiver 
which receives the response signals from the 
airplanes is adjusted to accept a whole group of 
channels simultaneously so that the response of 
every airplane will be heard regardless of the 
particular channel on which such response is 
given. The third display of Fig. 14 is an ordinary 
beacon-assisted radar display whose receiver is 
conventionally adjusted to cover only one chan
nel ; this display includes only the "member" air
craft tuned to that particular channel. All 3 
displays make use of the same radar transmitter, 
so that all 3 can be provided by one conventional 
radar set, by merely adding 2 extra receivers. 

2 .3 .2 FUNCTION IV (DISTANCE INDICATOR) 
The distance indication is given by conven

tional principles, successfully used by the U. S. 
Navy and independently by the National Re-
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Fig. 12-Basic principle of Navascope display. 

search Council in Canada. Pulses are transmitted 
at random from the airplane to the ground 
station where a responder sends these pulses 
back to the airplane on a different frequency, 
as shown by the arrows in Fig. 14. An auto
matic mechanism on the airplane measures the 
time elapsed between such transmissions and 
responses, directly giving the distance of the 
airplane from the ground station. 

2.3.3 FUNCTION v (AZIMUTH-INDICATING PRIN
CIPLE) 

This principle is the same as that used for 
many years in rotating ranges in Europe and 
during the war in this country. The accuracy is, 
however, improved by using the beam of the 
ground radar, its extreme sharpness making the 
azimuth indications much more accurate and less 
susceptible to errors caused by reflecting objects. 
Basically, the principle is that the rotating 

radar beam (shown as a dotted streak in the 
fifth small sketch of Fig. 14) sweeps around once 
per second so as to strike first one airplane and 
then another. A "North" signal is sent out in all 
directions, at a convenient lower frequency, each 
time that the rotating radar beam swings through 
north (represented by the solid streak in the 
same sketch) . If an airplane happens to be north 
of the station, the North signal is received at the 
same time that the rotating radar beam is 
received. If the airplane is east of the station 
(i.e. , a quarter of a turn beyond north) the North 
signal will be received and then one quarter of a 
second later, the rotating radar beam will swing 
past the airplane and be received. The time 
elapsed between the 2 signals is always pro
portional to the airplane's azimuth angle. The 
aircraft will only require a timing device to 
measure the interval between the 2 signals ; this 
directly gives the azimuth angle of the airplane 
with respect to north. 
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to the plan-position 
indicator. The plan
position indicator in 
the airplane receives 
exactly the same pulse 
signals and synchro
nizing signals as does 
the plan-position in
dicator in the ground 
radar set. Therefore, 
exactly the same form 
of display is produced 
in the airplane as on 
the ground. 

Fig. 13-Dlustrating selective spotting functions. 

It will be noted that 
the airborne equip
ment involves only a 
simple receiver and a 
plan-position indi
cator. On the ground 
the only thing added 
to the conventional 
radar set is the pulse 
transmitter, which is 
keyed by the various 
to the ground plan-2.3.4 FUNCTION VI (NAVASCOPE) 

The basic principle employed for producing 
the Navascope pictorial display in the airplane 
is almost equally simple. As shown in Fig. 12 ,  a 
radar equipment (only the rotating reflector and 
the plan-position indicator are visible) deter
mines the position of every airplane in the usual 
manner and transmits this information to its 
plan-position indicator in the usual form of a set 
of video pulses, together with appropriate syn
chronizing signals for controlling the rotary and 
radial sweeps of the indicating unit. This much 
is merely the normal operation of a conventional 
radar. The added ground equipment, for giving 
the airborne Navascope display, consists merely 
of a simple pulse transmitter which is keyed on 
and off by the same signals usually transmitted 
to the ground plan-position indicator, arid which 
acts to retransmit these signals omnidirection
ally to all aircraft in the vicinity. Each aircraft 
is then provided with a simple plan-position 
indicator and with a receiver for taking the signals 
from the pulse transmitter and applying them 

signals normally applied 
position indicator. 

2.3.5 FUNCTIONS VII AND VIII  (SELECTIVE RE

PORTER AND ANNUNCIATOR) 

The 2 functions collectively known as the selec
tive spotting function consist merely of straight
forward signalling, to a specific airplane, for 
selectively operating one of a few annunciators 
on the airplane, and for triggering the airplane 
equipment to make it send out an automatic 
report signal. A new principle (illustrated in Fig. 
1 3) makes it possible to single out one specific air
plane and have only this airplane receive the 
various transmitted signals. Since each airplane 
is provided with an indication of its own distance 
from the ground station (see Function IV) , it is a 
simple matter to provide a double pulse gate on 
each airplane which will pass a pair of pulses only 
if they are spaced apart by a suitable time inter
val to correspond to the airplane's distance from 
the ground station. The signals sent out from the 
ground are then simply made up of pulse pairs 
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having the correct spacing. These signals can 
only be received by airplanes flying at the se
lected distance from the ground station. When 
the ground controller adjusts the circular cross 
hair shown in Fig. 8, the movement of the con
trol knob also adjusts the spacing of the pulse 
pairs of the transmitted signal so as to be re
ceivable only by airplanes at the corresponding 
distance (represented by the dotted circle in Fig. 
13) .  Even if there is another airplane on this 
dotted circle as shown in Fig. 13 only the desired 
one will receive the signals, because these signals 
are sent out on a narrow beam. This beaming is 
attained by means of a directive antenna, con
trolled by the same knob that adjusts the radial 
cross hair. Thus, by setting the circular and 
radial cross hairs to intersect on a particular 
airplane, the spacing of the pulse pairs of the 
transmitted signals and the direction in which 
they are beamed are simultaneously adjusted 
so as to influence only the one airplane desired 
(shown in solid red in Fig. 13) . 

2.4 Advantages of the Navar System 

Apart from the basic advantages of flexibility, 
capability of progressive adoption, and incorpo
ration of those existing elements whose adoption 
in the near future is a virtual certainty, the 
Navar system is characterized by maximum 
simplicity of operation for each of the functions 
provided. It is true that in the complete form 
above described the Navar system incorporates 
a large number of functions. However, every 
one of these functions is performed in the sim
plest possible manner. The principle used for 
spotting a particular airplane with 2 cross hairs 
(illustrated in Figs. 8 and 13) is thought to be 
the simplest principle to achieve this result 
reliably while the principle used for the Nava
scope is believed to be the simplest possible for 
giving a pictorial display in the cockpit. 

The principle (shown in Fig. 12)  which is used 
for providing the Navascope display in every 
airplane, was independently invented by Federal. 
It corresponds quite closely to principles previ
ously developed, and actually made use of, by 
the Radiation Laboratories of the Office of 
Scientific Research and Development in Cam
bridge. These principles have been time tried 
and proved. This principle not only requires a 
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Fig. 14-Summary of principal Navar features. 

minimum of ground and air equipment, but also 
has certain important tactical advantages in 
saving bandwidth and preserving the full definition 
of the plan-position-indicator display. Moreover, 
if any special codings are included in the radar 
signals sent back from the airplane to the ground 
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radar set, these special codings will not be lost in 
the process of retransmitting the signals to the air
plane. 

This preservation of the coding of the airplane 
responses is the factor that makes possible the 
accurate layer display of the Navascope. If it 
were not for this factor, it would be much more 
difficult to make the layer of visibility move up 
and down continuously to correspond with the 
vertical movements of the airplane. 

Despite the fact that the Navar system is a 
flexible one, permitting the progressive adop
tion of different features on a practical basis, a 
considerable measure of consolidation has never
theless been achieved. The tabulation shown at 
the right of Fig. 14 indicates that if each of the 
8 functions therein summarized were independ
ently performed, the total number of receivers 
and transmitters in the airplane would amount 
to 7 and 8, respectively. By virtue of combining 
the various functions, the total number of trans
mitters is reduced to 1 and the total number of re
ceivers is reduced to 2. This consolidation in no 
way affects the flexibility of the system. 

Except for this consolidated use of one trans
mitter and 2 receivers, the different functions are 
for the most part quite separate ; they can be 
added independently in almost any sequence 
likely to be desired. The performance of several 
different functions is achieved by taking ad
vantage of a simple pulse-width selector de
veloped and used by Federal during the war. 
Thus it is conveniently possible to separate 
several different kinds of signals passing through 
a single receiver and to route them to different 
auxiliary units. The airborne transmitter is also 
required to transmit 2 different widths of pulses, 
to perform different functions without interfer
ence. 

Because of the essential lightness and inex
pensiveness of the electronic equipments working 
at video or lower frequencies, each of the auxili
ary equipments provided for the separate func
tions is almost negligible in size, weight, and 
cost, compared with the 2 receivers and the 
transmitter which must operate at high radio 
frequencies. Accordingly, it can be definitely 
stated that a very large measure of consolidation 
is achieved in the Navar system while still pro
viding separate auxiliary units for most of the 
individual functions. 

A further advantage resulting from the con
solidation of the radio-frequency units is that 
they can be better engineered and better con -
structed than would be possible if a larger num
ber of receivers and transmitters were provided. 
Thus the transmitter and one of the receivers are 
arranged for multichannel operation' with crys
. tal-stabilized frequency and push-button channel 
selection.  This attainment of crystal-stabilized 
multichannel operation provides great advan
tages in respect to many of the functions. 

The use of a multichannel transmitter for the 
responder function makes it possible, for example, 
to provide the separate selective beacon-radar 
display which shows only the "member" air
planes scheduled to land at an airport. The pro
vision of a tunable receiver also makes it possible, 
for a ground station remote from the airplane, 
to obtain responses therefrom under adverse 
conditions. This applies even when the airplane 
is flying so close to another ground station that 
conventional responder equipments would cease 
to operate. 

In respect to the distance-indicator function , 
the multichannel feature provides a service con
siderably superior to that offered by most dis
tance indicators. The usual type of distance 
indicator merely indicates the distance to the 
nearest ground station, whether or not this 
ground station is the one in which the pilot is 
interested and to which his azimuth indicator is 
tuned. The Navar type distance indicator, with 
its push-button-tuned crystal-controlled trans
mitter and receiver, is capable of indicating se
lectively the distance and azimuth to that one of 
the ground stations in which the pilot is inter
ested. This is operationally very significant. 

Suppose, for example, that a pilot were flying 
toward Floyd Bennett Field from Bridgeport, 
Connecticut, with a conventional distance indi
cator. His meters might successively show him 
his distance from Westchester Airport, La
Guardia Field , and from Idlewild, even though 
the station in which he was interested, and to 
which his azimuth meter was tuned throughout 
the flight, was Floyd Bennett. The Navar dis
tance and azimuth indicators would, in such 
case, enable him to select the Floyd Bennett 
station as soon as he came within approximately 
80 miles thereof. These meters thereafter, would 
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continuously display his distance and azimuth 
with respect to Floyd Bennett only. 

The following is a partial listing of the impor
tant features of the Navar system benefiting 
pilots and aircraft operating agencies : 

.a. A normal responder feature which responds 
to all S-band radars in the usual way, thus 
avoiding the need for carrying a separate 
responder beacon. 

b. Member airplane responder feature which 
responds only to the selected Navar station 
at which a landing is scheduled. 

c. Distance-indicator feature which gives the 
aircraft a continuous indication of its dis
tance to a Navar ground station.3 

d. A precision azimuth feature giving azimuth 
by the use of a sharp directive pattern from 
an S-band radar.4 

e. Automatic pilot controls for automatically 
controlling radial or orbital flight ; even 
flight along an offset line passing to the 
right or to the left of the selected ground 
station. 

f. Cross-pointer controls for applying "fly
left" and "fly-right" signals to the stand
ard cross-pointer meter to facilitate instru
ment flight along radial, orbital, or offset 
paths. 

g. The pictorial presentation of the airplane's 
own position provided by the Navascope. 

h. The superposition of a clear map of con
trasting color which cannot confuse the 
other indications of the Navascope. 

I. The heading indication superimposed in 
still another color on the Navascope dis
play, to facilitate flying along desired paths. 

J· The anticollision feature showing on the 
same Navascope display the positions of 
other airplanes which must be avoided. 

k. The, altitude-layering feature which re
stricts the Navascope display so as to show 
only those aircraft in the same general 
level as the airplane in question.5 

----

3 A very great increase in utility results from the selective 
feature of the distance indication which permits the pilot 
to choose the ground station with respect to which distance 
indications are desired. 

4 Added utility results from the fact that this azimuth 
feature is ganged with the distance-indicator feature so 
that both indications are always given with respect to the 
same ground station. 

5 This layering is particularly advantageous because of 
its property of continuously following the vertical move
ment of the airplane, remaining accurately centered about 
this airplane. 

I. The selective reporter which relieves the 
pilot of the necessity of verbally reporting 
his altitude and identity. 

m. The selective annunciator feature which 
visually presents to the pilot the more 
common types of flight instructions and 
which conveniently informs him when a 
special channel is assigned for his use in 
conversing with the tower.6  

A partial listing of features benefiting flight 
controllers and other ground personnel follows : 

a. Normal radar display of all aircraft. 
b. Beacon-assisted clutter-free display of all 

aircraft having S-band responders (all air
craft permitted to operate under instrument 
flying conditions) . 

c. The optical superposition of the above
mentioned beacon-assisted display on the 
above-mentioned normal radar display 
which facilitates picking out the "stranger" 
airplanes (those not · equipped with re-· 
sponder beacons or those whose responder 
beacons are not operating properly) . 

d. A selective "Member" airplane display 
showing separately those aircraft which are 
tuned to the particular ground station. 7 

e. The layer-blanking control which permits a 
rough determination of the altitudes of any 
airplanes shown on either of the beacon
assisted displays. 

f. The selective reporter feature enabling 
almost instantaneous determination of the 
identity and exact altitude of any airplane 
seen as a spot on the beacon-assisted dis
plays. 

g. The selective annunciator feature which 
enables simple commands to be trans
mitted automatically to any particular air
plane shown as a spot on the beacon
assisted displays. s 

6 A factor which will probably render this feature par
ticularly attractive to experienced airline pilots is the 
possibility of thereby eliminating much of the annoying 
chatter which otherwise takes place on the stand-by or 
"guard" channel and to which he is normally required to 
listen for many hours. 

7 By proper regulations, it can be arranged that the air
craft shown will be those scheduled to land at the airport 
in question. 

8 The possibility of using this feature for assigning indi
vidual channels to aircrafts makes it especially convenient. 
Also, of great importance is the possibility of using this 
feature for rapidly communicating with a desired aircraft 
in emergencies, whether such aircraft is listening on a 
stand-by channel or not. 
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Part 111-N avaglide for Instrument Landing and Automatic Landing 

The least urgent major requirement of the 
aerial navigation field is the development of a 
new and modernized system of instrument land
ing. 

Present plans call for the continued use, for 
several years, of an instrument approach system 
essentially like the SCS-51 system. This system 
includes a 1 10-megacycle localizer transmitter, a 
330-megacycle glide-path transmitter, and 3 
75-megacycle marker , transmitters, as well as 
3 corresponding receivers in each aircraft. The 
SCS-5 1 system was developed by Federal (initi
ally for the Civil Aeronautics Authority and in 
later stages for the Armed Services). With some 
redesign to render it more suitable for permanent 
installation rather than mobile wartime installa
tion (and with probable alteration in the form of 
modulation employed) ,  this system should pro
vide satisfaction for many years. 

Ultimately, however, it appears desirable to 
supplant this system by one making use of a 
single frequency for glide path and localizer and 
having certain other modifications to fit it better 
for use with the traffic-control systems which will 
probably be in use within a few years. 

To be prepared to meet such demands when 
they finally arise, Federal has commenced de
velopment of a microwave system for instru
ment landing and automatic landing. Most of 
the principal features and characteristics thereof 
have already been determined. 

This new microwave system, which may be 
referred to as the Navaglide, will provide not 
only the conventional directional signals, such 
as "fly-left," "fly-right," "fly-up" and "fly
down," but will additionally include a distance 
responder for giving distance signals which con
tinuously and accurately indicate the distance 
to the point of contact. 

A single receiver operating in the same general 
frequency range as the tunable aircraft receiver 
of the Navar system will be used for receiving 
all 4 directional signals. The principle of time 
sharing will be made use of to transmit these 4 
signals in succession instead of simultaneously. 
The transmission will take place sufficiently 
frequently to provide suitable control for an 
automatic pilot. 

The same time-sharing feature will make 
possible the use of a number of such Navaglide 
installations at one airport. All such installations 
at an airport will operate on one carrier fre
quency, but the various signals will be distin
guished by super-audible tones. Ultimately, it is 
possible that the single receiver required for the 
4 directional signals of the Navaglide system may 
be consolidated with the tunable Navar receiver. 
This, however, has not yet been definitely deter
mined. 

The continuous distance signals will be pro
vided by a pulse responder located on the ground 
at an adjacent point. This responder on the 
ground will be suitable for co-ordination with 
the distance indicator incorporated in the Navar 
system, but will be set to operate on a different 
channel from that used by the Navar ground 
equipment at the same airport. No increase in 
the number of channels of the Navar receiver 
will be necessitated by this arrangement, since 
the directivity and low power of the responder 
located at the touch-down point will render it 
feasible to operate this responder on one of the 
channels assigned to some other airport between 
100 and 250 miles away. 

The same simple beam principles employed in 
the SCS-51 will be used in the Navaglide system. 
Because of the anticipated proyision of some 
traffic-control system similar to Navar, a 360-
degree angle of coverage will no longer be re
quired. The beams of the localizer and glide-path 
systems of the Navaglide system will be, there
fore, restricted to a narrow angle of 35 degrees 
or less. Because of the use of microwave fre
quencies, the pattern sharpness can be increased 
readily to the point where bends caused by re
flections from nearby obstacles will be greatly 
reduced. The narrowed beam width and, if 
necessary, the use of a wider frequency spectrum 
will further reduce such bends to the point where 
they are wholly inappreciable. 

Engineering calculations and experiments are 
being carried on to investigate the possibility of 
relocating the localizer antennas at a position 
closer to the touch-down point on the runway. 
It has not yet been determined whether the 
possible gains of such relocation are sufficient to 
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Fig. IS-Illustrating principles and features of Navaglide. 

justify the abandonment of the substantial ad
vantages provided by the present location of the 
SCS-51 localizers. 

Fig. 15 illustrates in highly schematic form 

the operation of the future Navaglide system as 
it is now foreseen. It may be expected that con
siderably more information will be available 
with respect to this system within a year. 

Part IV-N avascreen for Displaying and Computing Traffic-Control Data 

4.1 Basic Philosophy 

It is clear to all that even with present methods 
of collecting information as to airplane posi
tions, altitudes, identities, and movements, the 
amount of data available is already sufficient to 
tax severely the · present facilities for handling 
and co-ordinating such information. Many sug
gestions have been made in respect to new 
operational methods and new equipments to 
handle this problem. Basically most of the sug
gestions fall into 3 classes : 

a. Those proposing to take data directly from 
radar displays, projecting it without essen
tial change in the form of a larger more 
brilliant display. This classification may 
also be considered to include thos� sugges
tions which propose to add altitude infor
mation (obtained by height-finding radar 
procedures or by coded airborne beacon 
responses) to the normal plan-position
indicator display, then project it in 3-
dimensional form. 
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b. Those based on the assumption that the 
available information is already in the form 
of positive "tele-control" signals, such as 
telegraph or selsyn signals which are readily 
adaptable for remote transmission and for 
controlling electromagnetic mechanisms, 
and which merely concern themselves with 
various forms of posting, displaying, com
puting, and tabulating equipments for 
handling these data. 

c. Those based on the assumption that all 
airplanes requiring ground control will al
ways fly along a limited number of fixed 
airways so as to pass regularly over cer
tain fixed points at reasonable intervals 
throughout their flight. Based on such an 
assumption, a network of automatic re
porting stations is suggested for automatic 
reception of the required data in reasonably 
positive form and for remote transmission 
to a center where it can be handled by 
conventional signaling means, similar to 
those used for railway block systems or 
automobile traffic-light systems. 

After some study of the matter, Federal has 
come to the following conclusions : 

a. That a system suitable for general use must 
be capable of handling data from a number 
of different kinds of sources. 

b. That one of the very important sources of 
information-and ultimately by far the 
most important-is the ground surveillance 
radar. 

c. That in spite of this expected growth in 
importance of radar, the data-handling sys
tem must for many years be capable also of 
accepting information from other sources 
and handling such information in the same 
manner as that obtained from radar. 

d. That for a very considerable period much 
of the available information will come from 
the so-called "primary radar" plan-position 
indicators, i.e. , from the plan-position indi
cators of radars unassisted by airborne 
responder beacons ; and that the ground 
clutter, hash, and background noise will 
make it unfeasable to use a simple magni
fied projection thereof as an operational 
display to be referred to by the traffic 
controllers. 

. e. That whether the information arrives from 
telephone calls, from radar displays, or 
from some source directly giving positive 
"tele-control" signals, all this information 
must be combined and handled in 2 sepa
rate ways as follows : 

1st. By integrating all the information into a 
large-scale, clearly readable display, showing 
position, altitude, identity, and direction of 
flight of every airplane at every instant as ac
curately as the basic source of information will 
permit. 

2nd. By translating into the form of positive 
"tele-control" signals all informtaion not ini
tially arriving in such form (as well as that in
formation which is already in a "tele-control" 
form differing from the standard signals used in 
the system) .  Such translation of all signals into 
one standard "tele-control" form makes it pos
sible to take full advantage of the various existing 
and proposed tabulating, recording, predicting, 
computing, and interlocking equipment offered 
by the proponents of the 2 types of systems previ
ously classified as (b) and (c) . 

Another important point of this company's 
basic philosophy is the belief that every possible 
safeguard and double check should be provided 
to prevent errors when taking data from any 
source requiring human interpretation, such as 
telephone calls, screens of primary radars (and 
probably during the next few years even the 
screens of secondary or beacon-assisted radars) . 

The above are the basic tenets of Federal 's 
philosophy with respect to the characteristics 
and features required for handling all the vari
ous types of information which will have to be 
dealt with for proper ground control of aircraft 
during the next decade. Certain additional minor 
points may be noted. 

It is also felt that the need for transmission of 
data from one point to another will increase con
siderably as networks of radars and other in
formation-gathering sources increase in com
plexity. Satisfying these requirements appears 
perfectly possible in the case of radars by tele
vision or facsimile transmission means, or some
what more simply, by radar relaying techniques 
similar to those used in producing the Navascope 
display described in Part I I .  Nevertheless, it 
seems somewhat uneconomical and unjustifiable 
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to forward radar data in this manner for the 
total amount of information required could very 
simply be transmitted in positive " tele-control" 
form over a narrow-bandwidth channel, with 
substantially reduced possibility of error. 

Based on our belief that all information should 
be translated into "tele-control" form so as to be 
readily handled by predicting, computing, and 
statistical data-handling machinery, it appears 
much more logical in most instances to perform 
such translation at or near the point where the 
data are first received, and then to transmit the 
information in this form to other points where 
it may be required. Perhaps in a few cases the 
direct transmission of untranslated data in the 
form of radar displays may be justified to elimi
nate the cost of a separate installation and of 
additional operators who would perform the 
translation at the point where the information is 
originally derived. It is believed, however, that 
the greater part of the transmission of informa
tion between points many miles apart should 
take place in a standardized "tele-control" form 
such as teletype code, selsyn control voltages, or 
other equivalent signals. 

Another specific point, carefully considered, is 
the question of · whether radar data can most 
safely be translated into "tele-control" signals 
by mechanical or human agencies. It is believed 
that most persons will agree that a purely auto
matic translation would not be sufficiently reli
able for the purpose of traffic control, at least in 
the case of normal radar signals (signals from 
radars unassisted by beacons) . Federal believes 
that even in the case of beacon-assisted radars a 
purely automatic "reading-out" of the informa
tion would not be sufficiently safe until much 
better tracking methods have been perfected and 
tested over a considerable period of time. 

Perhaps for the very best performance, re
gardless of practical considerations such as cost 
and complexity, the reading-out of information 
from beacon-assisted radars should take place 
automatically with some sort of monitoring or 
double checking by an operator. In the case of 
normal radar unassisted by beacons, however, 
it is believed that such an arrangement would be 
unsatisfactory. Hence, in view of the desirability 
of handling all radar information in a similar 
manner, and in view of the amount of delay 
which would be necessitated by an attempt to 

develop such a monitored automatic tracking 
system, Federal has temporarily discarded this 
possibility. 

Another obvious possibility is to rely wholly 
on human operators to perform the translation 
of the data without any mechanical assistance. 
Not only would this require a very large force of 
operators but also the possibility of error would, 
in our opinion, be dangerously great. 

It is our conclusion therefore that the best 
method of reading-out the information from a 
radar screen and translating it into positive 
"tele-control" signals is by the use of the "aided
tracking" principle employed so successfully 
for the operation of drift meters, bomb sights, 
and visually controlled gun-sighting equip
ments. It is believed that this not only increases 
the number of airplanes which can be handled by 
one operator from 1 or 2 to 4, 5, or even more, 
but also decreases the possibility of gross errors. 

4.2 General Description of Navascreen 
System, 

The Navascreen system is believed to meet 
satisfactorily those requirements which Federal 
considers to be essential as set forth in Section 
4 . 1 .  

The general appearance of a Navascreen instal
lation is illustrated in Fig. 16. Such an installa
tion requires a semilighted room in which the 
controller's display is presented ; and which is 
large enough for several controls as well as the 
teletype and telephone operators who handle the 
controllers' messages and instructions. Separated 
from this controller's room by a translucent 
screen is a comparatively dark room in which are 
located the projectors for producing the Nava
screen display and a number of consoles for the 
read-out operators. These operators read out the 
data from plan-position-indicator screens or 
from positive "tele-control" signals by manipulat
ing an appropriate number of dials on their 
consoles. 

The projectors are arranged in a compact bank 
in the center of the projector room (Fig. 16) .  
For convenience of maintenance, and to simplify 
the installation, these projectors are placed up
right and direct their beams upward, an inclined 
mirror being provided to reflect the beams to
ward the large screen which forms the main 
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display. By an arrangement similar to the so
called "camera obscura" the display thus pro
duced on the screen is projected back and 
optically superposed on the screen of each of the 
plan-position-indicator consoles. 

The appearance of the Navascreen display, as 
viewed from the controller's room, is shown in 
Fig. 1 7. As will be seen from this figure, each air
plane shown on this display is represented by a 
2-symbol identification character together with 
an arrow. 

Each of the characters of the airplane identi
fication symbol may be a letter or a figure, so 
that a total of more than 1000 identification 
symbols is available. Ultimately a large number 
of characters could be employed for each symbol 
to increase the number of possible identifications. 

The arrow associated with each identification 
symbol represents direction of flight of the cor
responding airplane. The color of the arrow indi-

cates the approximate altitude of the airplane in 
steps of 5000 feet. Thus a red arrow indicates a 
plane between 1000 and 5000 feet altitude, a 
violet arrow indicates a plane between 5000 and 
10,000 feet, a blue arrow represents the 10,000-
to 15 ,000-foot region, etc. The color of the identi
fication symbol indicates the specific altitude 
within this general layer. Thus the 2 colors of 
the identification symbol and arrow together 
represent the airplane's altitude to the nearest 
1000-foot level. By the use of 5 clearly distin
guishable colors, 25 different levels of altitude 
may be represented. To facilitate reading of the 
identity symbols, they are arranged to remain 
upright regardless of rotation of the associated 
arrows representing the direction of flight. 

The representations of the different airplanes 
move bodily in the directions indicated by the 
arrows and at appropriate speeds. Each such 
representation, therefore, continuously indicates 

Fig. 16-lnstallation of Navascreen. 
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Fig. 17-Appearance of Navascreen display. 

at all times the positions of all aircraft relative 
to a map which is printed on the screen. 

If desired, aircraft whose positions are not 
definitely known may be specially marked by an 
intermittent flashing of their symbol. 

No streaks, hash, or background marks are 
shown on the display screen since this is pro
duced synthetically from the positive "tele
control" signals into which the various console 
operators translate their primary data. 

A valuable feature is the possibility of pro
ducing the effect of accelerated time or reversed 
time. This is done in the same general way as in a 
planetarium where the stars are frequently made 
to assume positions corresponding to the year 
1 ,  2000 A.D.,  etc. The accelerated-time feature 
of the Navascreen, however, is provided for the 
practical purpose of enabling the controllers 
quickly to predict factors such as the number of 
aircraft which will arrive at a. given airport in 
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the next 10 minutes, or the relation between 
times of passage of several airplanes through 
some intersection point where collisions may be 
feared. 

The exact arrangement of the controls used 
by the operators at the plan-position-indicator 
consoles and other consoles is not illustrated, be
cause some changes in this arrangement are still 
under consideration. In one form of the Nava
screen system which has been previously de
scribed, and which is now being designed for 
manufacture, the controls are laid out on the 
basis of polar co-ordinates. The azimuth is set 
by one control and another control sets radial 
distance to bring the identification symbol and 
arrow to a. point hereafter called the origin . This 
origin usually corresponds to the airplane's 
present reported position. 

A further set of controls, also based on polar 
co-ordinates, produces a superposed motion. It 
may be either a linear motion in any desired 
direction from the origin previously present or 
an orbital motion about each origin. 

In addition to these 2 sets of polar co-ordinate 
controls, 2 other controls are provided for select
ing the altitude color code and the speed of move
ment. No special control for setting the direction 
of the arrow is required since this is automati
cally adjusted by the controls which determine 
the motion of the spot. 

Another arrangement of controls, which is 
under study and which may supersede the above
described arrangement, involves essentially simi
lar controls but arranged on the basis of rectangu
lar co-ordinates. This might facilitate the shift 
of axes which is required when data from one 
Navascreen installation is transmitted to a re
mote point and used for automatically control
ling another similar Navascreen installation. 

4.3 Advantages of Navascreen System 

This system is capable of operating with data 
derived from telephone or teletype messages, 
from normal or beacon-assisted radar screens, or 
in fact from any sources. 

The method used for translating the data from 
radar screens into "tele-control" form is based 
on the principle of aided tracking for the reasons 
explained in the foregoing sub-section. 

This same method is also used in the case of 

data received from intermittent telephone calls 
or teletype reports, and in such case presents the 
very great advantage that the automatic motion 
of the aided-tracking mechanism serves to show 
continuously as accurately as possible from the 
available data the probable position of the air
plane. Even if such probable position is not 
wholly accurate it is certainly much better than 
the usual records which merely show the last
reported position, the then-reported direction 
and speed of flight, and the time at which such 
report was received. Obviously this latter form 
of record necessitates a mental computation 
which is usually performed much less accurately 
than could be done by the aided-tracking mecha
nism. 

The Navascreen also provides an extremely 
convenient arrangement for double checking 
information derived from a radar screen. This is 
accomplished by taking the "tele-control" sig
nals which the operator has produced by the 
above-mentioned aided-tracking principle and 
converting them back into a synthetic display of 
airplane position, which is then optically super
posed in contrasting colors on the operator's 
plan-position-indicator screen. 

Thus any inaccuracies make themselves ap
parent in the form of a divergence between the 
radar spot and the superposed image of contrast
ing color. 

The system requires a minimum number of 
operators. It is estimated that one operator can 
handle 4 or 5 airplanes if working from a normal 
radar screen or as many as 6 airplanes if working 
from a screen of a beacon-assisted radar. When 
handling information arriving by telephone or 
teletype reports, it seems clear that a very much 
greater number of airplanes can be handled by 
one operator, assuming that the reports arrive at 
the rate of 5 or 6 reports per hour for each air
plane handled. Data arriving from another simi
lar Navascreen system at a remote point can at 
first be handled manually, but in the near future 
can be handled automatically with a high degree 
of reliability and safety. 

The form of display provided for the use of 
the controllers is large enough to be viewed by a 
number of persons at a time and shows in an 
easily readable integrated pictorial form the 
plan-positions, altitudes, directions of flight, and 
identities of as many airplanes as desired. 
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The system is constructed of a number of 
interchangeable units, together with a small 
amount of common equipment ; and none of the 
equipment need be specially designed for a 
particular airport. Thus the cost and difficulty of 
installation is greatly reduced. It is readily 

possible to add to the system many sorts of 
recording, computing, tabulating, and data
analyzing machines, so that the wealth of 
features offered in the field of tabulation and 
business machines is made immediately available 
for the handling of traffic-control data. 
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