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AIR NAVIGATION: Survey of Radio Aid 
SINCE the possibility of direct 

observation can seldom be 
counted on for long, radio is 

the only adequate basis for air- 
craft navigation. During the war, 
development of the art was greatly 
intensified ; and it branched out 
along so many new lines that to- 
day there is an abundance of sys- 
tems not yet fully developed -or 
else suited primarily to military 
needs -whilst comparatively few 
civil flying aids suitable for 
present and near -future condi- 
'tons are at present available. 

There is, in fact, almost an em- 
barrassment of riches as regards 
techniques, and it is mainly a 
matter of embodying them in ap- 
propriate and fully- engineered 
equipment. Systems that have 
reached at least an experimental 
stage are already more numerous 
than is necessary, since many per- 
form similar or overlapping func- 
tions ; and if such development 
went on more or less unco-ordin- 
ated all over the world, the result 
would soon be a situation in which 
an aircraft fitted to use the ground 
services wherever it went would 
have little room for anything but 
radio gear. As it is, B.O.A.C. 
aircraft are decorated with some 
17 different aerials ! 

The need for world -wide stan- 
dardization and co- ordination be- 
ing so obvious and urgent, the 
appropriate authority (at present 
the Provisional International Civil 
Aviation Organization) recently 
met in London, and has re- 
assembled in the U.S.A. prior to 
a meeting in Canada, to study the 
state of the art and to try to de- 
cide which systems should be 
chosen for international standard 
use. 

This field of radio is already so 
vast, and most of the equipment 
so new, that there may be some 
use in attempting to render the 
outlines of the wood discernible 
rather than the innumerable trees. 
Some of the latter have already 
been described in these pages ; and 
concise details of fifty of them (if 
related communications and aux- 
iliaries are included) are contained 
in an excellently produced Sta- 
tionery Office publication.' Many 
of these details are only tentative, 

By M. G, SCROGGIE, B.Sc., A.M.I.E.E. 

and some of them have already 
been superseded. 

First of all, what are air naviga- 
tional aids required to do? They 
should enable the pilot to keep 
closely on the desired track, and 
to know his position at any time 
en route and should warn him of 
obstructions. They should also 
enable him to make the correct 
approach to a clear runway at the 
destination and (if necessary) land 
" blind." In between these two 
phases there is another, which 

Fig. I. V.H.F. Rotating Beacon, 
which can quickly be set up on a 
site. The Yagi aerial (right) 
transmits sharply beamed speech, 
and the cardioid aerial a con- 
tinuous tuning note in all direc- 

tions outside the beam. 

may begin fifty miles or more 
from the destination, during 
which it may be necessary for the 
aircraft to be " stood off " until its 
turn to land is due. During this 
phase, if confusion and risk of col- 
lision are to be avoided, pilot and 
ground controller must work in 

complete harmony and with pre- 
cise positional knowledge of one 
another. During the otheç, two 
phases, while it is desirable for the 
aircraft to be self -sufficient, it 
should be able in the event of 
failure of equipment to fall back 
on accurate information from the 
ground. 

Although cathode -ray tube dis- 
plays were largely used in the air 
during the war, it is now gener- 
ally accepted that nothing other 
than easily interpreted meter pre- 
sentation direct to the pilot will 
do. In achieving this operational 
simplicity, however, it is difficult 
to avoid making the " works " 
more complicated, which tends to 
add also to bulk and weight. But 
great advances have been made in 
" miniaturization," and equip- 
ment that before the war would 
have been thought fantastically 
complex for use in the air proved 
quite practical even in battle. And 
while it is obviously a bad thing 
to be obliged to carry a large num- 
ber of different sets of equipment, 
the opposite extreme of using a 
single set to do everything entails 
the risk that if it fails one has 
" had it." The best compromise, 
perhaps, is a few sets (maybe only 
two), each of which can, to some 
extent, substitute for the other in 
an emergency. 

Considering now the basic sorts 
of information provided by navi- 
gational aids, these are compara- 
tively few. There is the bearing, 
with respect to North, of a known 
point from the aircraft. This in- 
formation is sufficient to locate 
the aircraft on a position line. 
Two intersecting position lines 
give a fix. This is the basis of ordi- 
nary D.F., as known before the 
war. Alternatively, a fix may be 
derived from one bearing plus 
distance or range. This is the 
facility that radar introduced. A 
class of information closely re- 
lated to bearing is course or head- 
ing; i.e., an indication when the 
aircraft's nose is pointing in a 
certain direction. It is even more 
useful than bearing if it happens 
to be the direction in which one 
wants to go, but not otherwise. 
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o Civil Aviation 
Lastly, there is the relative dis- 
tance from two fixed points, 
which is the foundation of the 
hyperbolic systems -so- called be- 
cause lines of constant difference 
in distance are hyperbolæ. Read- 
ings from two pairs of points give 
a fix -if one possesses a map on 
which the relevant hyperbolæ are 
drawn. 

The present tendency is to con- 
vert these basic sorts of informa- 
tion, by means of some type of 
automatic computor, into what 
the pilot actually wants to know, 
e.g., his closeness to a prescribed 
track, and his distance along it 
from his destination. 

Still another basis for classifica- 
tion is the type of radio transmis- 
sion employed, such as unmodu- 
lated C.W. (Decca system), keyed 
or amplitude- modulated C.W., or 
pulses (not necessarily radar). The 
wavebands occupied generally in- 
crease in that order. One system 
to be referred to later (A.S.M.I.), 
with a pulse duration of one -eighth 
microsecond, requires a band of 
about 16 Mc / s. 

An important subdivision dis- 
tinguishes primary radar, which 
works on the echo principle, 
from secondary radar, in which 
the outgoing pulse triggers a re- 
sponder into replying with pulses, 
usually on a different frequency. 
The range for a given power is 
thereby greatly increased, and 
the responder can be coded for 
purposes of identification. 

Before the war direction -find- 
ing by loop aerial was the main 
navigational aid. D.F. facilities 
can easily be incorporated with 
the communication radio ; and 
there are plenty of transmitters 
on which to take bearings, besides 
the radio beacons set up for the 
purpose. But its accuracy is 
somewhat variable, depending on 
sites and aspects of aerials, time 
of day and operational skill ; and 
it is not continuously direct -read- 
ing or instantaneously -fixing. 
Recent D.F. developments in- 
clude the radio compass, in which 
the loop aerial automatically 
orientates itself and gives con- 
tinuous readings of bearing ; 

and cathode -ray direction- finders 
(C.R.D.F.), in which a radial 
trace on the tube screen shows 

directly the bearing of the trans- 
mitter tuned in. C.R.D.F. is 
being given a rôle in airport 
ground control systems to supple- 
ment radar locating and identify- 
ing apparatus; while the radio 
compass and even earlier forms of 

NORTH. 

AL 'FA 
BEACON 

SITE 

POSITION OF 
AIRCRAFT 

Fig. 2. In the " spider's web " 
system of navigation, the position, 
P, of an aircraft is determined 
by polar co- ordinates, R and 
B, with reference to a central 
origin, which is the site of two 
beacons, one for measuring R 

and one for B. 

D.F. are likely to be widely used 
for some time. 

As long ago as 1929 a beacon 
with a rotating directional trans- 
mitting aerial came into service 
at Orfordness. The Morse signals 
transmitted are related to the 
aerial's orientation, so that one's 
bearing can be obtained by 
merely listening to it. The same 
idea in modern form, shown in 
Fig. 1, with a recorded voice call- 
ing out its bearings on the V.H.F. 
band, appeals to pilots- because 
they have only to switch to the 
appropriate channel on their 
V.H.F. receiver, and to the 
authorities -because the ground 
gear is automatic and cheap. 

A further elaboration is Consol,2 
with a range of 1,000 -1,5oo miles 
and much greater accuracy, pro- 
vided that one possesses a special 
map and a rough idea of one's 
bearing from the beacon. 

Since no apparatus is needed in 
the air beyond the ordinary re- 
ceiver, there seems no reason 
why beacons in this class should 
not continue to be used, at least 
as auxiliary aids for the benefit of 
aircraft in which equipment 
for more refined systems is either 
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absent or unserviceable. They 
are sometimes called Radio 
Ranges (presumably because they 
have nothing to do with range !). 

All -round direction- giving bea- 
cons of more refined types are 
being developed as the "O " parts 
of the polar -co- ordinate or 
" spider's web " systems of navi- 
gation (Fig. 2). The " R," or 
distance -measuring, parts employ 
secondary radar. Between them 
they fix positions relative to the 
site of the ground beacons. 

One type of experimental O 

beacon (" John Gilpin ") has a 
U.H.F. pulse transmitter which 
at intervals of about 3o pulses is 
switched from one aerial to either 
of two others about 5ooft away. 
A special airborne receiving 
equipment notes the phase dis- 
continuities between these groups 
of pulses, and from them com- 
putes the bearing of the beacon 
and displays it on a meter. The 
system is something like Gee with 
the transmitting aerials so close 
together that the hyperbol are 
radial straight lines. 

Another line of development 
(Omni -directional Radio Beacon, 
O.R.B.) uses C.W. in the V.H.F. 
band. The phase difference, in 
degrees, between two 6o -c /s sig- 
nals on the beacon carrier wave is 
equal to the bearing, in degrees, 
of the beacon. This is because 
one of the 60 -c, /s signals is gener- 
ated by the rotation at 6o r.p.s. 
of the aerial, which radiates 
asymmetrically in azimuth. The 
other, a constant reference signal, 
is borne by the same carrier 
wave, but is-separable in the re- 
ceiver because it takes the form 
of a 6o-c /s frequency modulation 
of a 10 -kc /s amplitude modula- 
tion of the carrier. The two sig- 
nals can therefore be compared in 
a phase discriminator and made 
to actuate a direct- reading bear- 
ing indicator. 

P.O.P.I. (Post Office Position 
Indicator) is not, as one might 
suppose from the name, a facility 
for the general public on the 
ground, but yet another beacon - 
designed by the P.O. Engineering 
Dept. -from which a receiver 
gives direct readings of bearing. 
Its technique is intermediate be- 
tween the last two, but as it 
works in the M.F. band its range 
is much greater, probably 1,000- 
1,50o miles in daytime, like Con- 
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Air Navigation - 
sdl and Decca, and, like them, 
not dependent on flying height. It 
is not part of a spider's web 
scheme ; positions are determined 
by the bearings of two stations. 

The other polar co- ordinate 
needed to give a spider's web fix ; 

i.e., distance, and also identifica- 
tion of the origin, are supplied by 

DESTINATION\ 

NORTH 

NORTH 

ç 
BEACONS 
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An advantage of having Rebec- 
ca in an aircraft is its versatility. 
Besides giving distance from 
Eureka beacons, and their iden- 
tity, its semi -directional aerials 
enable homing indication to be 
provided. This applies not only 
to the all -round Eureka beacons 
but also to the sharply beamed 
short -range beacons " Babs," 

BEARING AND 
RANGE BEACONS 

OO - 

` 
0 

INTERROGATOR 

RECEIVER 

FOR R, 

RECEIVER 

FOR 9, 

L.-_ 

AIRCRAFT 

(a) 

a secondary radar beacon " Eure- 
ka. "3 The airborne equipment 
" Rebecca "3 interrogates the 
beacon, which responds as already 
described. Wartime Rebecca 
displayed the information on a 
calibrated C.R.T. ; but other war- 
time techniques, using the time 
displacement between the outgo- 
ing pulse and the responding pulse 
from a selected source to control 
a meter -deflecting current, are 
being applied to make Rebecca 
direct -reading. 

Even this is not enough, because 
a pilot who wants to fly some- 
where other than to the site of 
the R and O beacons would be 
left with a nasty geometrical 
problem ; viz., origin- shifting of 
polar co- ordinates (Fig. 3a). Great 
strides are being made with elec- 
tro- mechanical computors, and an 
experimental unit has already 
been made up for continuously in- 
dicating the R and O of any de- 
sired point, provided that the 
track to that point lies wholly 
within the service area of the R 
and O beacons, and that the R 
and O of the beacon site have 
been pre -set on the unit (Fig. 3b). 

I RZ SET BZ 

AIRBORNE 

height above ground. Better still 
is information on whether the 
aircraft is at all times at the 
correct height for landing ; in 
other words, is in the glide path. 
The pre -war Lorenz system, 
using a single C.W. approach 
beam and two vertical distance- 
marker beacons, was one of the 
first instrument -landing schemes. 
The present -day American SCS -5i 
(of which the Pye "Abas " is a 
modified version), by using inde- 

pendent beams to 
mark the horizon- 
tal- and vertical 
approach planes, 
defines the landing 
path more pre- 
cisely, and indi- 
cates it to the pilot 
by cross- pointer 
meters (Fig. 4). 

But blind land- 
ing is still the most 
acute problem, and 
one that cannot yet 
be said to be com- 
pletely solved. It 
is one thing to 
demonstrate satis- 
factory blind land- 
ings, and quite 
another to guaran- 
tee them under all 
working conditions. 

If all pilots had 
instruments en- 

abling them to keep to the pre- 
scribed tracks at the correct 
heights, and if the ground staff 

EQUIPMENT 

COMPUTOR INDICATOR 

00 se 
(b) 

Fig. 3. When the destination, D, 
is elsewhere than the beacon site, 
it is convenient to have a corn - 
putor that takes the co- ordinates 
R1 and 01 measured by the receiver, 
and R2 and 02 pre -set on the com- 
putor, and from them indicates 
the range and bearing, R3 and 03, 

of the destination. 

giving left /right and distance in- 
dications for helping pilots to ap- 
proach the runway in bad visibil- 
ity. There are other facilities, 
too, such as interrogation of 
I.F.F.,3 giving identity of other 
aircraft, ships, etc. 

A gadget that is being fitted to 
Rebecca in R.A.F. aircraft has a 
switch that can be set to any de- 
sired radius from 3 to rz miles, 
whereupon a left /right indicator 
shows the departure from an orbit 
of that radius. It is even possible 
to feed this meter current into an 
automatic pilot so that the air- 
craft flies round and round until 
further notice without any human 
effort. The main object of orbit- 
ing is to kill time until permission 
can be given to land. 

Although radar beam approach 
systems such as Babs have the 
advantage over. C.W. systems of 
giving continuous readings of 
distance from destination, this is 
not so very- helpful, at least for 
actual landing, without accurate 
simultaneous information on 

(a) (b) 
Fig. 4. The centre of the SCS -sr 
instrument -landing dial repre- 
sents the position of the aircraft 
relative to the radio beams mark- 
ing vertical and horizontal ap- 
proach planes. With an indica- 
tion such as a before him, the 
pilot should turn left and lose 
height ; with b, vice versa. 
Flashing lights indicate when 
he is passing over distance marker 

beacons. 

organized all flights to schedule, 
and had equipment to show the 
positions of all aircraft, especially 
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near airfields, risk of collisions in 
the air or on the ground would in 
theory be excluded. To help fill 
the gap between this ideal and the 
reality, especially on long- distance 
flights, and where 
tropical clouds may 
be encountered, air- 
borne primary radar 
giving warning of 
high ground, storm 
clouds, and other 
aircraft is an obvi- 
ous extension of war- 
time practice. A 
light X -band (3 cm.) 
set is now being tes- 
ted in S.E. Asia. 

On the ground 
there are several 
forms of primary 
radar. Size and com- plexity do not 
matter so much 
there. Ability to 
cope quickly with a 
large amount of in- 
formation is the 
chief requisite. The 
American G.C.A. 
(Ground Control of 
Approach), Fig. 5, 
successful during the 
war, uses two radar 
sets. One enables 
Traffic Directors to 
locate all aircraft 
within about 25 miles, and mar- 
shal them by spoken instructions 
on a V.H.F. channel. As each 
one in turn reaches the beginning 
of the approach, it is handed over 
to an approach controlled who, 
by the use of separate precision 
radar equipment, can follow the 
aircraft exactly enough to bring 

the pilot down over the runway 
by his instructions. The only 
airborne equipment needed, 
therefore is V H.F. communica- 
tion, which at a pinch need not 

Fig. 5. The G.C.A. dual radar installation for 
talking down " aircraft, though elaborate, 

is completely mobile. 

even be two -way, as replies from 
the aircraft are not essential. 

For general airfield control, 
several types of A.C.R. (Airfield 
Control Radar) have reached the 
experimental stages (Fig. 6). 
They include primary search 
radar with P.P.I. displays for 
locating aircraft, and C.R.D.F. 

and /or secondary radar for 
identifying them. The. C.R.D.F. 
display can be superimposed on 
the P.Y.I. and points out which of 
the echoes corresponds to the air- 
craft that is talking by V.H.F. 
Secondary radar necessitates the 
aircraft to be fitted with a re- 
sponder, the equivalent of war- 
time I.F.F. 

Before a controller can confi- 
dently authorize a landing, he 
must know that the runway is 
clear. A.S.M.I. (Airfield Surface 
Movement Indicator) enables him 
to do so when direct vision fails. 
As one would expect, it is a high - 
resolution, very-low -angle short - 
range radar installation. It is now 
in the experimental stages. 

The Standard Telephones and 
Cables, Ltd. " Condar " system, 
although it gives a P.P.I. display 
of range and bearing on a C.R.T., 
is not radar. It is a special type 
of C.R.D.F. in which the radial 
C.R.T. trace, due to the V.H.F. 
signal from the aircraft, is used also 
as a time base, on which a bright 
spot marks the range. The posi- 
tion of this spot along the range 
scale is controlled by the phase 
difference between a $o9-c /s 
signal taken direct from an oscil- 
lator in the ground apparatus and 
a similar signal derived by de- 
modulating the aircraft's carrier 
wave, which has been modulated 
by the ground oscillator signal 
received on a separate radio 
channel. 

Hyperbolic systems are now 
more or less well known. Gee' 
and Loran both use pulses, and 
differ chiefly in their radio fre- 
quencies : zo -85 Mc /s for Gee, 

[Fig. 6. Experimental flying control tower at R.A.E., Farnborough, showing radar (A.C.R.). 
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Air Navigation - 
and I.75-I.95 Mc / s for ordinary 
Loran. So Loran gives a longer 
range and rather less precision. 
It is possible to produce a com- 
bination receiver for working on 
either. At present both display 
their results on a C.R.T. in a form 
that is not directly interpretable 
by the pilot, and a certain amount 
of operation is needed to obtain 
them. To overcome this objec- 
tion, it is intended to put in hand 
a programme of development 
whereby Gee, by the addition of 
ingenious equipment, is to be 
made direct -reading, and ulti- 
mately to give con- 
tinuous readings 
without operation, 
as does Decca. 
The accuracy and 
range are some- 
what less than 
with Decca, how- 
ever, especially at 
low altitudes, and 
the waveband 
occupied is, of 
course, vastly 
greater. 

Owing to t h e 
scale on which Gee 
was produced during the war, it 
has the advantage of being avail- 
able in quantity at the present 
time. 

The Decca system,5 using un- 
modulated C.W. on frequencies of 
the order of 0.1 Mc /s, is now in 
regular z4 -hour service in Eng- 
land, giving a useful radius of 
about 30o miles at night and over 
I,000 miles by day. It is equally 
applicable at sea and even on 
land, as the effect of terrain 
screening is relatively slight. A 
disadvantage is that if one flies 
into the service area not knowing 
the position within a few miles, 
the lane and zone number indica- 
tors cannot be set, so the pointer 
readings are ambiguous. The same 
may happen if for any reason 
functioning is interrupted for a 
while. Methods of zone and lane 
identification now undergoing 
trial should overcome this diffi- 
culty. 

The system has from its start 
provided automatic direct con- 
tinuous readings. These readings 
refer to special co- ordinates on a 
map, enabling a navigator to 
determine his position with great 
accuracy, but not directly useful 

Wireless World 

to the pilot unless he homes on 
predetermined lattice lines. An 
auxiliary device is already being 
tried, however, which among 
other things gives the pilot direct 
readings of his displacement from 
a track of any desired shape, or 
selected approach orbit, and indi- 
cates miles to destination, actual 
ground speed, and time ahead of 
or behind schedule (Fig. 7). It is 
also believed possible, by using 
still lower radiated frequencies 
(10 14kc /s), to obtain a working 
day and night range of at least 
1,50o miles. 

Radio communication between 

Fig. 7. Decca Track Control Unit indicator. 

air and ground is an essential part 
of some navigational systems, and 
an invaluable stand -by when all 
else fails. The outstanding ad- 
vance during the war was the 
general introduction by the 
R.A.F. of V.H.F. speech for 
short- and medium -range com- 
munication. This is now accepted 
on its merits as standard practice. 
A recent model (TR 1407) gives 
automatic selection of 336 crystal - 
referenced channels, with either 
A.M. or F.M. 

Diversity of language is a diffi- 
culty in some areas, however, 
and to meet it automatic tele- 
phone technique has been applied 
to radio for communicating by 
visually displaying figures and 
obvious pictorial symbols. Trans- 
mission of messages and acknow- 
ledgments is automatic, by 
button -pushing; and many other 
facilities are ingeniously provided. 

It remains to be seen how air- 
craft radio installations will 
develop as integrated systems. A 
major choice lies between V.H.F. 
systems, which have a very 
restricted range at low altitudes, 
and those working at lower fre- 
quencies, which are generally sub- 

November, 1946 

ject to night errors at certain 
ranges. 

An example of the former, 
especially suitable for the shorter 
routes, is a combined V.H.F. 
equipment giving speech com- 
munication with the ground, 
' 

` spider's web " location, and 
glide path landing. The ground 
controller, using information 
received from the aircraft and 
from his own radar and other aids, 
could from time to time instruct 
the pilot what co- ordinates to set 
on his computor in order to make 
a route that would avoid obstruc- 
tions and, if necessary, delay him 
sufficiently to clear preceding 
arrivals. 

Alternatively a similar proce- 
dure can be applied on hyperbolic 
systems. Decca, especially if lane 
identification and track control 
prove successful, has much in its 
favour, because it combines a 
good range at low altitudes with 
remarkable accuracy, and is very 
flexible. 

Private owners are reluctant to 
fit additional radio for navigation 
only, and are naturally much 
attracted by devices such as the 
V.H.F. rotating beacon, and 
ground D.F. and G.C.A. systems. 
These navigational facilities are 
" thrown in " with the essential 
air -to- ground speech communica- 
tion provided by a set such as 
the STR9* (Standard Telephones) 
which, weighing only z21b, oper- 
ates on four crystal -controlled 
channels in the 115 -145 Mc /s 
band. 

[* Illustrated in our review of 
the S.B.A.C. exhibition on page 
367.-En.] 
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COPIES of the 1947 Diary are 

expected to be ready by the end 
of November, when they will be 
distributed through booksellers and 
stationers. Price is 3s 4 }d, inc. 
purchase tax. 
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