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AVIONICS 

From the first experiments with 
flying machines, landing has 
always been the most critical 
phase of a flight, from which few 

of the early pioneers came away un- 
scathed. 

In 1919, the American Bureau of 
Standards began trials using radio as an 
aid to landing in poor visibility. A 
500W, 5(10kliz transmitter feeding two 
vertically -stacked horizontal loop 
antennas was used to produce vertical 
radiation and a cone of silence. 
However, even in the mid -1920s 
" . it was considered something of an 
achievement if a pilot could he given an 
indication by radio that the aircraft was 
over the airfield'. Between 1928 and 
1930, however, the Bureau initiated a 
number of other, more detailed experi- 
ments using an equi-signal beacon sys- 
tem, in the hope of developing an 
accurate landing aid. 

These trials, in turn, led to the 
publication of a research paper by the 
two engineers involved, I I. Diamond 
and F.W. Dunmore, in which they 
established the way ahead in the 
further development of landing aids for 
aviation. The relatively simple system 
evolved is shown in Fig. 1 and its most 
original feature - suggested by Dun- 
more - was the VHF landing beam. 
This signal has the simple role of 
providing "... a pilot with the neces- 
sary vertical guidance to permit landing 
under conditions of no visibility"2. 

Vertical aspects of this beam are 
shown in Fig. 2. Horizontally pola- 
rised, its angular displacement and 
directivity was such as to create a line 
of constant field intensity and thus a 
`glide -path' which a correctly -equipped 
aircraft could follow. In the horizontal 
plane, the runway beacon transmitter 
beam functioned well. The on -board 
aircraft pointer indicator was operated 

Landing on a 
radio barn 

The Instrument 
Landing System 
which has been 

used by the world's 
airlines and 

commercial aircraft 
for 43 years is 

beginning a 10 -year 
phasing -out period 

in favour of the 
Microwave Landing 
System. Greg Grant 

tells the story of 
radio landing 

systems, which saw 
a tentative 

beginning in about 
1919. 

by reading the currents in vibrating - 
reed pickup coils tuned to 67Hz and 
86.7Hz and could register course devia- 
tion of as little as 1%. Consequently 
aircraft drift of ±6%, which meant a 
signal strength reduction of 5%, could 
he accurately displayed. 

It was sho-tly discovered, however, 
that flying directly from b to a resulted 
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Figure I: A 3 -dimensional view of the 
Diamond -Dunmore blind landing radio 
system. 
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Figure 2: The vertical directive 
characteristic of the Diamond -Dunmore 
landing system. 

in the swamping of the on -board 
indicator, due to the increasing proxim- 
ity of the aircraft's receiving antenna to 
the beam transmitter. 

Eventually, what could be called a 
`decreasing glide' was developed, the 
aircraft dropping further and further 
away from the beam's maximum 
intensity path as it approached the 
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AVIONICS 

transmitter. Thus the on -board instru- 
ment could be held at half -scale 
throughout the approach. This track is 
shown as AB. 

From the data obtained, Diamond 
and Dunmore showed that if the beam 
was orientated vertically and given 
'... the proper degree of directivity, 
this line of constant field intensity may 
be made to co -incide with the landing 
path normally followed by a pilot in 
clear weather"3. 

By 1933, continuing development 
resulted in the addition of two marker 
beacons, one located some 6(n) metres 
from the runway threshold, the other 
one third of a kilometre from the 
threshold. Although they both oper- 
ated on the same carrier frequency as 
the localiser transmitter, they were 
modulated by different frequencies, 
the approach marker using 1.25kHz 
and the threshold beacon 0.25kHz. 

On the approaching aircraft, too, 
progress had been made, the combined 
indicator shown in Fig. 3 - yet another 
Diamond -Dunmore origination - 
relieving the pilots "... of the need for 
considerable mental effort"4. 

(a) (b) (c) 

Figure 3: Diamond -Dunmore pilot's 
indicator. At (a) the aircraft is on course, 
at (b) below and left of course and at (c) 
above and right. 

By 1934, there were Diamond - 
Dunmore beacons in use at Newark, 
New Jersey and Oakland, California, 
the first blind landing using the system 
having been made three years earlier 
by M.S. Boggs at College Park, New 
Jersey. 

In Europe, too, aircraft landing dif- 
ficulties were receiving greater atten- 
tion than formerly. The British govern- 
ment's installation at Farnborough, for 
example, used what was termed 
"leader cables" in the localiser role, as 
indeed did a French government 
installation at Chartres. Where the 
former entailed a complete cable cir- 
cuit around the airfield, the latter made 
do with a simple, straight -cable 
arrangement. 

In Germany, however, they took the 
American approach to such problems, 
the Lorenz beacon system dating 
'... from 1932, when the use of very 
high frequency (VHF) was suggested, 
using vertical polarisation for the equi- 

on-course 

Figure 4: The antenna, reflectors and 
radiation pattern of the Lorenz Beam 
system. 

signal lateral guidance'. 
Developed by E. Kramer and R. 

Elsner, this system was as simple and 
effective as the Diamond -Dunmore 
arrangement and bore some similarity 
to it. Both the localiser and the glide - 
path signals were radiated from a single 
transmitter, whose vertical antenna 
had a switch -operated reflector located 
either side of it, as shown in Fig. 4. One 
reflector's switch was operated by dots 
and the other's by dashes which, when 
interlocked, gave a continuous tone. 
The major axes of the two elliptical 
field patterns were parallel to the run- 
way. Only one pattern was present at a 
time, inasmuch as a single source of 
energy was used to supply the energy in 
both patterns'. 

In other words, by open -circuiting 
one reflector as the other was simul- 
taneously closed, beacon radiation was 
given a change in direction. Along the 
line AB in Fig. 4, though, there was an 
equi-signal course. In the interval 
between the opening and closing of the 
reflector switches, the main beacon 
transmitter was the sole radiator. Its 
polar diagram is shown hatched, the 
perimeter passing through the points of 
intersection of the two switched beams, 
thus preventing key -clicks as the reflec- 
tors were operated being received as 
interference on the on -course signal. 

Vertical guidance - after Diamond- 
Dumore - was by following paths of 
uniform signal strength, as shown in 
Fig. 5. Horizontally polarised marker 
beacons were also provided, the first 
indicating the point where the glide 

main 
beacon 
transmitter 

Q 

boundary 
marker 
beacon 
I '1 

I 

ground contact 
point j I 

airfield 
144... 0.3km 

I4--3 km 

first 
marker 

/-\ beacon 

I i 200m 
, 

iI \, 

I I 

Figure 5: Lorenz glide path and marker 
beacons. 

path began, the second the imminent 
approach of the airfield threshold. 
Both beacons transmitted on a carrier 
of 38MHz, although their modulation 
characteristics differed, as shown in 
Fig. 6. 

By the beginning of 1937, experience 
on both sides of the Atlantic had 
revealed a number of problems with 
the existing systems, whether they had 
been developed by governments, the 
airlines or both. 

Later in the year, the American 
Bureau of Air Commerce - whose 
predecessor had begun it all a decade 
or more earlier - set out detailed 
specifications for the development of 
an efficient, workable Instrument 
Landing System, in concert with the 
Federal Communications Commission 
and the Radio Technical Committee 
for Aeronautics. 
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Figure 6: Signal characteristics of the 
Lorenz main and marker beacons. 

To begin with, it was decided that 
such an aid would be based on the 
elements already in use, and effectively 
monitored. Secondly, the localiser 
course should be narrower and thirdly, 
since a glide path based on constant 
field strength "... is at no time a 
straight line (and) is liable to start too 
steeply and to become too flat in the 
final stages"', the possibility of creating 
a constant rate -of -descent path would 
he studied. 

These problems were investigated by 
a small group of engineers from the 
International Telephone Development 
Company, under the leadership of A. 
Alford. They shortly decided that hori- 
zontal propagation was one solution to 
their difficulties, the VHF loop antenna 
another. The latter provided almost 
pure horizontal radiation, resulting in a 
course pattern virtually free from the 
phenomenon known as "pushing", the 
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Figure 9: Glide slope with positive - 
sloping runway and terrain. 

where, for such optimum conditions, 
the threshold crossing height is taken as 

15m. 
Not all sites are as straightforward as 

this, however, and where the glide - 
slope terrain has, for example, a posi- 
tive -sloping runway as shown in Fig. 9, 
then distance d, whilst still being calcu- 
lated as before, now includes an eleva- 
tion difference factor e. So: 

d tan O= TCH +e 

TCH e 
and d = 

tan 0 + tan 0 

If the runway has a linear gradient or 
slope between the threshold and the 
general area of the ground point of 
interception, the change in elevation 
can he expressed as a function of the 
slope rate and distance d or: 

e = sd. 

where DI = distance from the GPI to 
the threshold, s = slope of terrain (%), 
and d = longitudinal distance between 
TCH and the glide slope antenna, 

This is positive if the threshold eleva- 
tion is higher than the elevation of the 
ground point of interception, and nega- 
tive if it is not. Consequently the 
expression 

dtan0 = TCH + e 

now becomes 

d(tan0 - s) = TCH 

TCH 
and d = 

tan 0 -s 

Runways come with all directions 
and varying amounts of slope, which 
affect the siting of the glide -slope trans- 
mitter, variants of this calculation 
being necessary; some of them even 
exhibit a lateral slope. To cope with 
sites having particularly difficult ter- 
rain, the capture effect shown in Fig. 10 

can he employed. 
A clearance signal with a power of 

actual glide slope 

glide slope 
antennas 

runway clearance 

around 0.16W is radiated at low angles, 
the 4W directional signal being radi- 
ated above 1.5°. 

Close to the glide path, the aircraft's 
receiver responds, captures the stron- 
ger signal and rejects the clearance 
ground reflections. There is an 8kHz 
separation between these signals, 
although both still remain within the 
aircraft receiver's passband. 

These techniques have enabled the 
world's civil aviation authorities to 
meet the ICAO landing performance 
requirements at some of the most 
difficult locations, worldwide. Indeed, 
there is little doubt that the very 
success of such technology has, through 
the enormous increase in air traffic 
over the last two decades, brought 
about its own demise. 

Thus the instrument landing system 
will join other, earlier casualties of the 
relentless advance of electronics, such 
as the Four -Course sysem and aircraft 
navigators and radio officers. 

Nominal 
glide slope 

90 Hz 
predominating 

bend or 'scallop \ 
X150 Hz 
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reflected 
signals 

Figure 10: Illustration of the type of 
terrain where the capture -effect system 
would be used. 
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BOOK REVIEW 

The 386 PC Companion, by Allen 
Brown. The 386 PC Companion is 

actually a PC companion, but with the 
various aspects of hardware and 
software related to 386 machines. 

As such it goes hack to the basics of 
computing, explaining how a computer 
works and illustrating the roles 
undertaken by various hardware and 
software modules making up a computer 
system. 

For example Allen Brown begins by 
introducing the 80386 chip, looking at 
how it functions, then defining the 
meaning of various types of ram and 
showing how disc memory operates. 

In a similar way, and at a similar level, 
he goes on to describe the operation and 
range of peripherals available for linking 
to a computer, networking and multi- 
user systems, and computer add-ons. 

The last 20% of the book is devoted to 
applications of the 386, briefly 
introducing Fortran compilers, DTP, 
cad, process control and data 
acquisition. 

Like the foregoing, this section is a 

general introduction to potential 
applications of a 386 - really of most 
interest to readers who have never met 
the terms before. 

Overall the author identifies four aims 
for his book: familiarise readers with the 
major aspects of 386 technology; help 
gain an appreciation of the 386; acquaint 
the reader with peripherals available, 
and help potential buyers of 386 
machines. 

Brown probably succeeds in the first 
three of these, but readers looking for 
advice to buy, usually have particular 
applications in mind which they need 
their system to satisfy. To give advice in 
this area requires a more in-depth 
treatment of this specific area than an 
overview book of this type can provide. 

But for readers who already have a 

386 machine and are curious to learn 
more about how computers work and 
what they can he made to do then this 
publication will he a useful purchase. 

£16.95. Sigma Press, 1 South Oak 
Lane, Wilmslow, Cheshire SK9 6AR.. 
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