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1. INTRODUCTION 
In being honoured by the request to deliver 

a lecture on " The Problems of Blind Land
ing," I am set to some extent a task 
different from that normally presented to the 
Society's lecturers. In general the results 
of successful research are presented to you, 
whereas I am merely asked to outline the 
problems — with the implication that con
structive suggestions for their solution may 
result. Personally, I feel that this is a most 
appropriate type of lecture, particularly in 
regard to a problem which embraces 
specialist fields in radio and radar, in aero
dynamics and aircraft instruments, to an 
extent that few can claim to be expert in all. 

The problem of blind landing can best be 
discussed after reviewing existing methods 
of blind approach and proposals now current 
for solving the landing problem. It is neces
sary first to remark that the terms 

"approach" and "landing" are frequently 
confused in discussing ways of assisting air
craft in poor visibility conditions, the word 
"landing" frequently being used when 
"approach" is intended. In general I will 
use the term "approach" in relation to the 
aircraft's path down to a height of about 150 
ft., and "landing" will imply the manoeuvre 
of bringing the aircraft on to the ground from 
a height of that order. 

2. EXISTING BLIND APPROACH 
SYSTEMS 

2.1. Historical 
The problem of approach and landing 

under poor visibility conditions has been with 
aviation since its earliest days and has been 
a subject of attention in many countries dur
ing the past 20 years. The major initial 
contributions to the approach problem were 
made in Germany with the Lorentz approach 
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Fig. I. 
SCS51—Airfield Layout 

system, and in the U.S.A., where the work 
of Diamond and Dunmore in particular has 
led to appreciable advances. 

The Lorentz system is now well-known; 
an early version was described to the Royal 
Aeronautical Society in 1934f1), and its prac
tical use was outlined to the Society in 
1938<2>. 

I propose, therefore, to confine my resume 
of existing methods to those more recently 
developed. One of these is in some respects 

OUTER MARKER 

a development of the Lorentz system; the 
second applies radar principles to determine 
on the ground the aircraft's position when 
approaching; and the third, designed in this 
country during the past war, uses airborne 
radar equipment. The intention in outlining 
these schemes is to acquaint those having 
some knowledge of the earlier systems with 
the advances which have come into practical 
use in the past five years, and provide an 
introduction to later ideas which have not 

Fig. 2. 
SCS51—Runway Localiser 

936 



THE PROBLEMS OF BLIND LANDING 

yet reached an advanced stage of develop
ment. 

In addition to these systems, mention 
should be made of other suggestions which 
have not attained any wide application; 
magnetic fields for guiding the aircraft, 
analogous to the marine leader cable scheme, 
have received some experimental attention; 
infra-red rays have been proposed; power
ful lighting in the visual spectrum has been 
used; and much work has been done with 
fog dispersal schemes. I will comment later 
on such of these proposals as now warrant 
consideration. 

2.2. THE C.A.A. AND SCS51 SYSTEMS 

2.2.1. Introduction 
The C.A.A. system developed for civil 

airline use in the U.S.A. was engineered in 
a mobile form normally termed the SCS51 
equipment. Some experience of the latter 
has been obtained in this country, and its 
main features will be outlined. 

SCS51 Runway Localiser—Horizontal Radiation 
Patterns. 

Fig. 4 
SCS51—Aircraft Aerial System. 

The SCS51 system comprises three main 
elements on the ground:— 

The runway localiser—to provide inform
ation on the plan position of the aircraft. 

Marker beacons—to indicate distance from 
the runway. 

The glide path localiser—to define the path 
of the aircraft in the vertical plane. 

These are located relative to the runway 
as shown in Fig. 1, and in the aircraft an 
aerial system, receiver and indicating instru
ment are installed. 

2.2.2. The Runway Localiser 
The runway localiser, Fig. 2, radiates two 

overlapping field patterns as shown in Fig. 
3, with a common carrier but modulated, 
one at 90 cycles per second and one at 150 
cycles per second. The runway direction is 
defined by equality of the amplitudes of the 
90 and 150 cycle modulations. The carrier 
frequency is in the band 108-111 Mc/s., and 
horizontal polarisation is used. 

The modulated patterns shown in Fig. 3 
approach maxima at about 6° from the run
way direction, and the energy radiated in 
directions appreciably away from the run
way is reduced to minimise unwanted reflec
tions from buildings, trees, and so forth. 

The radiation is received by the aerial. 
Fig. 4, designed and installed to provide 
omni-directional reception. The aircraft 
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receiver is a superheterodyne of conventional 
design, and the 90 and 150 cycle components 
in the output are separated by band pass 
niters, rectified, and the difference in the 
rectified outputs used to actuate a centre 
zero microammeter, Fig. 5. Full-scale 
deflection of the normally vertical needle is 
obtained when the aircraft is more than 3° 
off the runway centre line. The relation 
between the current through the meter and 
the angle made by the line joining the air
craft to the transmitter with the runway 
direction is linear until this angle exceeds 
about 3°. 

2.2.3. Glide Path Localiser 

As with the runway localiser, the glide 
path is defined by two overlapping field 
patterns, one modulated at 90 and one at 
150 cycles per second. The glide path trans
mitter is located to the side of the runway, 
near the touch-down point, Fig. 1. Its aerial 
system comprises one dipole near the ground 
(1, Fig. 6) radiating a horizontally polarised 
carrier on about 335 Mc'/s. and modulated 
at 90 cycles per second, with a second dipole 
(2, Fig. 6) about 15 ft. above the ground 
and radiating a carrier on the same fre-

SCSi l—Cross-Po in ter Meter 
Fig. 5 
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Fig. 6 
SCS51—Glide Path Localiser 

quency, but modulated at 150 cycles per 
second. The radiation pattern from the 
lower aerial is the large lobe shown in Fig. 7, 
and is formed by the aerial and its ground 
image; the upper aerial with its ground 
image produces the other lobes shown, and 
the glide path is defined by the intersection 
of the lowest of these with the lobe modu
lated at 90 cycles. The intersections of the 
Litter with the other lobes produce paths 
ot angle too steep to give rise to any uncer
tainty in using the correct glide path. 

By adjustment of the heights of the aerials, 
the angle made by the glide path with the 
horizontal can be varied from 2° to 5°, 3° 
being a common setting. The intersection of 
the two lobes producing the glide path 
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actually defines a cone with apex at the 
transmitter; because this is off the runway, 
the radiation pattern at very low elevation 
angles has been modified to give an approxi
mately straight line glide path for an aircraft 
when over the runway. 

The glide path radiation is received on a 
dipole aerial, Fig. 4, and as in the case of 
the runway localiser, the 90 and 150 cycle 
modulation frequencies are separated, recti
fied and applied to the centre zero micro-
ammeter, Fig. 5. Full-scale deflection of the 
normally horizontal needle occurs if the air
craft is 0.6° above or 0.3° below the glide 
path. The relation between meter current 
and angular position relative to the glide 
path is linear up to these values. 

2.2.4. Marker Beacons 
The marker transmitters are installed along 

the direction of the runway, normally at 
distances of 200 ft., 4,800 ft. and 4.5 miles 
from the approach end, Fig. 1. They are 
modulated respectively at 3,000 cycles per 
second (unkeyed), 1,300 cycles per second 
(keyed at 6 dots per second) and 400 cycles 
per second (keyed at 2 dashes per second). 
The aircraft normally begins the 
approach glide at about 1,000 ft. when over 

the outer marker, and should be at about 50 
ft. when the inner marker is reached. 

The marker aerial system is a linear 
horizontal radiator aligned with the runway, 
and its radiation pattern is narrow in this 
direction but appreciably broader in a direc
tion at right angles. 

The signal received in the aircraft actuates 
one of three small lamps in the instrument 
dash-board, depending on which of the 
markers is being received. 

2.2.5. Comments 
The system is very well engineered, and 

much development work has gone into the 
transmission problem to ensure that the 
approach track defined will not vary with 
changes in valve characteristics, etc., and 
into the production of a reliable mechanical 
modulator. The aircraft equipment is reason
ably simple and includes the highly efficient 
automatic gain control essential for satis
factory operation; the total weight added by 
the installation is about 65 lb. The aerial 
system is suitable for many present-day air
craft types. 

Generally, the system is a considerable 
advance on previous schemes, and in parti
cular it provides the first glide path of any 

90 CrCLE PATTERN Of 
LOWER AERIAL 

PATH 

150 CYCLE PATTERN OF 
UPPER. AERIAL 

Fig. 7. 
SCS51 Glide Path Localiser—Vertical Radiation Patterns. 
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HEIGHT 250 FT. 

Fig. 8. 
SCS51 Runway Localiser—Equi-Signal Curves. 

practical importance. There are, however, 
a number of controversial points, particu
larly regarding immunity from the effects 
of reflecting objects. In the case of the run
way localiser, although the radiation away 
from the runway direction is reduced and 
horizontal polarisation is used to minimise 
effects from vertical structures, appreciable 
energy may be reflected from buildings, 
trees, and so on. A reflecting surface will 
in general receive different amplitudes of the 
90 and 150 cycle modulation signals, which 
will be partly reflected to the aircraft and 
superimposed on the wanted signals, so that 
the difference between the received 90 and 
150 cycle signals will be incorrect. The mag
nitude of such effects cannot be calculated 
with useful accuracy because the reflection 
characteristics of buildings and trees are 
not sufficiently well known, and resource 
to direct measurement is necessary. 

Figure 8 shows equi-signal curves, i.e., 
lines of constant current through the indicat
ing meter, for an SCS51 localiser installed 
on a site which was reasonably free of reflect

ing objects, and which gave a very satis
factory localiser field as judged by 
experienced flight observers and pilots. The 
data shown applies to a height of 250 ft. 
Explorations at 500, 1,000 and 1,500 ft. show 
similar characteristics, with some decrease in 
the non-linearity of the equi-signal curves, 
and the corresponding curves at each height 
superimpose on each other to an order 
which confirms that equi-signal planes are 
substantially vertical. 

The results suggest that along the runway 
direction the position of the aircraft is defined 
to within about 30 yards, amply accurate for 
approach to a low height. This order of 
accuracy has been confirmed by subsequent 
measurements made over a period of some 
months from aircraft performing landing 
approaches, and these results show that 
deviations of the order of 30 yards may be 
present for some weeks over a particular 
stretch of the approach, then disappear for 
a time, and later re-appear. The cause of 
such disturbances has not been determined, 
but the method of measurement used and 
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the fact that the deviations are predicted 
quantitatively by experienced observers 
before measurement has confirmed their 
presence, leaves little doubt that they do 
occur. 

Generally, it appears that on sites reason
ably free of reflecting objects the system 
gives information on plan position which is 
amply accurate and smooth for approach to 
a low height, but which would not be 
adequate for guiding the aircraft on to a 
standard runway. 

Referring now to the effects of reflecting 
objects on the glide path beam, no quanti
tative measurements have yet been made in 
this country. The radiation patterns depend 
fundamentally on reflection from the ground, 
and uniformity of reflection from an area 
extending a few hundred feet in front of the 

transmitter is necessary. Variation in the 
reflection coefficient of this area of ground 
will alter the angle which the glide path 
defines with respect to the horizontal; this 
effect is not, however, likely to be serious, 
and more important disturbances appear to 
arise from reflecting objects such as trees and 
railway lines which provide discontinuities. 

It may be noted that the height range 
covered by the glide path indicator is, when 
the aircraft is close to the runway, extremely 
narrow; at a height of 150 ft., for example, 
full-scale deflection theoretically occurs when 
the aircraft is only 15 ft. below the glide 
path. 

A further point relating to the system is 
that a continuous indication of distance from 
the runway is not provided. The importance 
of this is at present largely a matter of 

SEARCH AERIAL ELEVATION AERIAL (COVERED) 

Fig. 9. 
Ground-Controlled Approach Equipment. 
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opinion; it is probably easier to control the 
aircraft automatically if range is continuously 
available, and its provision might make 
possible an improved presentation for the 
pilot. It cannot, however, be listed as a 
vital factor for approach control. 

2.3. THE GROUND-CONTROLLED 

APPROACH SYSTEM 

2.3.1. The Approach System 

The ground-controlled approach system 
comprises a mobile ground radar equipment 
which determines the position of an aircraft 
approaching to land, and from this informa
tion instructions are transmitted to the pilot 
so that he can guide his aircraft on to the 
correct approach path. 

The measuring equipment is installed in a 
van, Fig. 9, usually located some 200 yards 
from the side of the runway and about half
way along its length. It uses two aerial 
systems with directional properties, both of 
•which transmit and receive. One is used for 
range and elevation angle measurement, 
and the other for determining range and 
azimuth angle. Each transmits pulses of 
radiation 0.5 microseconds long, on a wave
length of 3 cm. at a pulse recurrence 
frequency of 2,000 per second, and receives 
the resultant radiation reflected by the air
craft; the time delay between the transmitted 
and the corresponding received pulses is 
measured and determines the range of the 
aircraft. 

The elevation aerial system consists of a 
vertical dipole array fed by a leaky wave 
.guide, one side of which is mechanically 
oscillated to give a cyclic variation of the 
width of the guide and hence alter the effec
tive wavelength in the guide; as a result the 
electrical phase at which the dipoles receive 
energy is varied, causing the beam of radia
tion directed by a cylindrical reflector to 
oscillate about a horizontal axis. The angle 
over which the beam scans is from 6° above 
to 1° below the horizontal, and the beam is 
0.4° wide in elevation and 3° wide in azi

muth, the reflector used being 14 ft. high X 
2 ft. wide. The beam scans at a frequency 
of two per second, illuminating the aircraft 
four times a second. 

The azimuth aerial system is similar; it 
scans through an azimuth angle of 20°, with 
a beam 0.6° wide in azimuth and 1.5° wide 
in elevation, using a reflector 8£ ft. long x 
3£ ft. high. 

In the case of each aerial system, the 
angular position of the aircraft is defined by, 
the direction of the beam when illuminating 
the aircraft, and this is determined from the 
position of the moveable side of the wave 
guide. 

The position of the aircraft is displayed on 
cathode ray tubes; two are provided for the 
range and elevation display, one enabling 
ranges up to 10 miles to be measured, and 
the other giving more precise information 
when the aircraft is less than two miles from 
the ground equipment. Fig. 10(a) illustrates 
the display for the two mile tube; its 
diameter is 7 in., and on this display the 7° 
angle through which the beam scans is 
expanded to 60° to provide increased 
accuracy of measurement. Range markers at 
£-mile intervals, to permit rapid estimation 
of the aircraft's distance from touch-down, 
are provided as lines perpendicular to the 
horizontal time-base. Fig. 10(b) shows the 
range-azimuth display, in which the 20° scan 
is expanded to 60°, and the position of the 
transmitter relative to the runway can be 
seen. 

The two range-azimuth displays are 
viewed by an "Azimuth Tracker," who 
superimposes on the aircraft's echo a cursor' 
whose movement is measured electrically and 
used to indicate the position of the aircraft 
as a lateral deviation in feet from the centre 
line of the runway. The "tracker" also 
keeps on the echo a second marker, pivoted 
about the origin of the time-base sweep, by 
means of foot pedals which orientate the 
elevation aerial in azimuth to maintain its 
beam directed towards the aircraft. 
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RUNWAY 
RANGE MARKS GLIDE PATH 

ECHO ECHO 
Fig. 10. 

(a) Range-elevation Display. (b) Range-azimuth Display. 
Ground-Controlled Approach Equipment. 

The range-elevation displays are similarly 
used by a second "tracker," and the distance 
of the aircraft above or below the pre-deter-
mined glide path is measured by his cursor. 
The information on the aircraft's position is 
shown on centre-zero meters to a third 
operator, the Approach Controller, who can 
view the meters and both the two mile dis
plays. He interprets the displays and meter 
readings and passes instructions periodically 
to the pilot, usually by giving the change in 
heading required, the height above or below 
the glide path, and the range from touch
down. 

2.3.2. The Search System 
In addition to the approach system out

lined above, a G.C.A. equipment normally 
includes also a search system, which dis
plays on a cathode ray tube the plan position 
of all aircraft within a range of 15 miles and 
below about 4,000 ft. in height. This equip

ment operates on a wavelength of 10 cm., 
and its aerial system scans continuously 
through 360°. It is used primarily to give the 
approximate positions of all aircraft in the 
vicinity and to enable one to be selected and 
directed on to the approach' track before 
being taken over by the more precise 
approach system. 

2.3.3. Comments on G.C.A. 
The G.C.A. system provides some out

standing advantages compared with other 
existing approach systems; it requires no air
borne equipment other than the V.H.F. or 
H.F. communication set normally carried, 
and relatively little training is required by 
the pilot to make successful use of the 
information passed to him. 

Unfortunately, the equipment as at present 
designed is very costly, and it introduces a 
limitation which will become more and more 
serious as air traffic densities increase; the 
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rate at which aircraft can be handled is 
limited because only one at a time can be 
allowed on the approach path, resulting in 
the landing rate being not more than about 
15 per hour. 

The system is restricted to assisting air
craft on the approach, because when an air
craft is about to touch-down the elevation 
beam and its side lobes illuminate ground 
which is at a range of the same order as the 
aircraft, and the echo from the latter becomes 
submerged in ground returns. Further, the 
accuracy in determination of aircraft height 
required when landing is unlikely to be 
achieved by a radar system which must be 
placed a considerable distance from the 
touch-down point. 

2.4. T H E BEAM APPROACH BEACON 

SYSTEM 

2.4.1. Description 

The beam approach beacon system 
employs a technique known as "secondary" 
radar, in which the transmission -from the 
aircraft is received by a ground station, 
located at the remote end of the runway, and 
re-radiated to the aircraft. The aircraft trans

mits pulses which are received by the ground 
station shown in Fig. 11, and each pulse 
triggers a transmitter on a slightly different 
radio frequency after a known short time 
interval; the radiation comes from one or 
other of the slots (A-A, Fig. 11) each at a 
corner of a cavity resonator. These slots are 
switched at about eight cycles per second by 
mechanical short circuiting at the centre of 
the slot. From one a pulse of length five 
microseconds is radiated; when the other is 
opened, a longer pulse, 12 microseconds, is 
transmitted. Thus the radiation patterns 
shown in Fig. 12 are obtained, and a system 
in which the relative amplitude of the short 
and long pulses should remain constant is 
achieved. The radiation is vertically polar
ised, the radio frequency is about 200 Mc/s. , 
and the recurrence frequency of the pulses 
about 500 per second. 

The signals received in the aircraft thus 
comprise a short and a long pulse whose 
relative amplitude is determined by the 
angular position of the aircraft relative to the 
runway centre line. The pulse amplitudes are 
displayed on a cathode ray tube as depicted 
in Fig. 13. The distance B-C on the tube is 
proportional to the range of the aircraft from 

Fig. 11. 
Beam Approach Beacon System- -Localiser. 
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touch-down, the indication at B being caused 
by the pulses transmitted from the aircraft, 
and those at C by the return pulses; they are 
displayed along the cathode ray tube time-
base with corrections to allow for the time 
delay at the ground station and for its dis
tance from an assumed touch-down point. 
The accuracy of range measurement is of the 
order of 500 ft. 

No glide path is provided with the 
B.A.B.S. system, reliance being placed on the 
barometric altimeter and the continuous 
range indication to give vertical guidance. 
The weight added to the aircraft by the 
installation is about 120 lb., but it should be 
remarked that the equipment can also be 
used for radar beacon navigation aids and 
that this weight is based on a war-time design 
which could be miniaturised. 

The presentation is normally given to the 
navigator, who transmits the information to 
the pilot over the aircraft inter-communica
tion system. 

2.4.2. Comments 

The airborne equipment is complex, and 
its weight coupled with the presentation of 
the information to the navigator renders the 
system in its present stage of development 
suitable only for large aircraft. 

No quantitative measurements of the 
effects of reflecting objects on its accuracy 
have been made. It would not be anticipated 
that the system should be superior to SCS51 
in this respect, because the higher frequency 
and the large amount of energy radiated at 
about 30° to the runway direction may result 
in the B.A.B.S. system being more affected 
than SCS51, although the absence of any 
back radiation should improve it on some 
sites. 

3. THE FLIGHT CONTROL PROBLEM 
3.1. Introduction 
The difficulties of controlling an aircraft 

under blind approach conditions are well 
appreciated; with most systems the pilot, 
flying at low airspeed and near the ground, 

5 v SEC. PULSE 
RADIATION 

12 f. SEC. PULSE 
RADIATION 

Fig. 12. 
Beam Approach Beacon System—Radiation 

Patterns. 

must share what little attention can be spared 
from the normal blind-flying instruments 
with other dial indications which show his 
position relative to the runway and his 
departure from a desired glide path. With 
modern aircraft even the most highly skilled 
pilot is severely taxed, probably to such an 
extent that the margin of safety over human 
failure is dangerously small. The informa
tion given by Dr. E. P. Warner in his 1943 
Wilbur Wright lecture<s>, that out of 12 fatal 
accidents during four years of U.S.A. civil 
airline operation seven occurred with air
craft approaching to land, may well be 
significant; and it is appropriate to quote the 
following remarks made by him during the 
same lecture:— 

' ' The best present hope of reduction in 
that considerable proportion of accidents 
which are ascribable to errors in judgment 
or in technique does not lie in further 
improvements in the quality of the person
nel concerned, however, but in reducing 
the difficulties of their task." 
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(a) Equi-signal Path. 

Fig. 13. 
Beam Approach Beacon System—Display. 

(b) Aircraft 5° to Starboard. (c) Aircraft 5° to Port. 

When the problem of landing an aircraft 
under blind conditions is considered, the 
pilot's task appears certain to be even more 
onerous if presentation methods of existing 
types are used, and in the absence of a 
presentation which approximates closely to 
that given under visual conditions, some 
alternative approach to the problem seems 
necessary. 

The use of an automatic pilot to assist 
approach and landing has frequently been 
suggested, but although successful work has 
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been done with pilotless aircraft having 
simple aerodynamic characteristics, only in 
recent years has the problem of guiding an 
aircraft automatically on to a runway been 
seriously considered. 

Automatic pilots have, however, come into 
considerable use in civil and military avia
tion to relieve the human pilot's fatigue 
during long flights, and to a lesser extent to 
provide very accurate control of the aircraft 
for, as an example, aerial survey. When 
automatic controls were first suggested the 
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initial reaction of most pilots was opposed to 
their introduction. While this attitude has 
completely disappeared as regards the use 
for relieving fatigue, it is re-awakened very 
strongly if the conception of applying an 
automatic device to assist the approach and 
landing is mentioned. . 

This mistrust has vanished quickly in all 
cases where the pilot has obtained experience 
with automatic controls when approaching to 
land. He realises that there remains plenty 
for him to do during the approach, thus 
removing one subconscious prejudice 
against the automatic aid; he also finds that 
he can be materially assisted in a difficult 
task, while retaining effective control of his 
aircraft because the automatic pilot can be 
disconnected almost instantaneously if 
unexpected circumstances, such as danger of 
collision, arise. However, few pilots have as 
yet had experience with automatic controls 
applied to the approach problem, and it is 
relevant to debate whether the reliability 
which can be expected from such a device is 
such that its use should be contemplated. 

An automatic pilot consists essentially of 
a gyroscopic unit and an amplifying or servo 
device which transforms low power signals 
derived from the gyroscopes to levels which 
can operate motors moving the aircraft's 
control surfaces. The gyroscopes are 
inherently the least reliable components, 
being fast running motors with critical bear
ing clearances. Complete reliance is, how
ever, placed in gyroscopic instruments dur
ing blind flying, and provided the automatic 
pilot as a whole is well engineered its appli
cation to blind approach and landing is as 
reasonable as the accepted use of gyroscopic 
instruments for blind flying. Further, the 
adoption of motor-operated control surfaces 
which appears probable for large aircraft 
means that the other main units in an auto
matic pilot system will become an essential 
component of the aircraft. 

Before outlining the problems which arise 
during automatic approach, a brief descrip

tion of a modern automatic pilot is desirable; 
the general principles underlying the applica
tion of gyroscopic devices to aircraft control 
were admirably explained in a lecture <4> 
which Mr. F. W. Meredith delivered to the 
Society in 1937, and it is appropriate that I 
should give the main features of a pilot 
whose conception and design are due to the 
more recent work of Mr. Meredith. 

3.2. The Smith Electric Pilot 

The primary function of an automatic 
pilot is to maintain straight and level flight 
of an aircraft, and the principle used in the 
Smith Electric Pilot is that a rate-of-turn of 
the aircraft about any axis is detected by . 
gyroscopes, and a rate of application of the 
appropriate aircraft control surfaces is 
initiated to stop the turn. 

The gyroscopes used are of the "rate-of-
turn" type, i.e., the rotating mass is mounted 
so that it is free to turn about one axis only, 
which is orthogonal to the spin axis; hence it 
can be used to detect a rate-of-turn about the 
third axis. Three rate gyroscopes are 
required; one detects rate of pitch and causes 
elevator to be applied, a second deals with 
rate of roll and actuates the ailerons, and a. 
third responds to rate of yaw and controls, 
the rudder. 

The gyroscopic units are mounted on a 
platform shown in Fig. 14 which is pivoted 
about the aircraft's pitch and roll axes and 
can be rotated about them by small electric 
motors. The rate-of-turn is detected by an 
electro-magnetic pick-up associated with 
each gyroscope, and the signal obtained is 
amplified and fed to the appropriate control 
surface motor. Its motion generates a feed
back signal proportional to its rate of rota
tion which is used to back-off the initiating 
signal, thus providing a rate of control sur
face rotation linearly related to the rate-of-
turn of the aircraft. A stable system can 
thereby be achieved, and by adjustment of 
the magnitude of the feed-back signal, the 
ratio of the rate of control surface movement 
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to the rate-of-turn of the aircraft can be 
varied. This ratio, which is limited by the 
inertia of the control surface motor system 
and other sources of time lag, determines to 
a large extent the precision with which the 
aircraft can be controlled, particularly at 
low airspeeds. With the Smith Electric 
Pilot, ratios approaching four can be used, 
compared with values of about unity which 
have been common with earlier types of 
automatic control. 

In addition to its function of maintaining 
straight and level flight of the aircraft, co
ordinated turns and diving and climbing 
manoeuvres can be made conveniently 

through the automatic pilot. A Pilot's Con
troller, Fig. 15, is provided, with an operat
ing handle whose rotation defines the angle 
of bank of the aircraft, and which imposes 
a rate of pitch if it is moved in a fore-aft 
direction. 

Rotation of the handle unbalances a 
potentiometer network controlling the bank 
motor on the gyroscope platform; the rate of 
rotation of this platform is detected by the 
roll gyroscope, and aileron is, therefore, 
applied to roll the aircraft in a sense which 
tends to maintain the platform level with 
respect to space axes. A potentiometer 
attached to this platform provides a signal 

* p - , 

PLATFORM 
MOTOR—PITCH 

PLATFORM- i 
MOTOR —ROLL 

Fig. 14. 
Smith Electric Pilot-—Gyroscope Unit (cover removed). 
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which opposes that initiated by the Pilot's 
Controller, and a state of equilibrium is 
reached when the signals are equal and the 
platform is level; the aircraft is then rolled 
through an angle proportional to the rota
tion of the operating handle. The motion of 
the platform relative to the aircraft is also 
used to feed into the rudder circuit a signal 
which causes the aircraft to turn at a rate 
proportional to the bank angle. 

The pitch control operates in a somewhat 
different manner; the pitch potentiometer in 
the controller is connected to the pitch motor 
actuating the gyroscope platform so that the 
latter is turned at a rate determined by the 
fore-aft displacement of the operating handle. 
This rate is detected by the pitch gyroscope, 
resulting in the application of elevator to 
pitch the aircraft and hence keep the plat
form level. Thus movement of the handle 
in the fore-aft direction results in a rate of 
pitch of the aircraft. 

Mention should be made of the gravity 
and compass monitoring features which are 
used in the pilot to avoid effects due to 
imperfections in the gyroscopes, of the side
slip monitor introduced to reduce sideslip 
during turns at slow speed, and of features 
which prevent misuse of the pilot; these 
include provision for taking over control 
without any disturbance or 'kick' on engage
ment of the automatic pilot, for preventing 
engagement until the gyroscopes have run 
up to speed, and an indicator which shows 
whether the elevator trim of the aircraft is 
correctly set. 

The pilot is electrically operated, the 
main supply being required at 115 v. 400 

{ cycles per second, with a small amount of 
D.C. power at 28 v. The pilot can be adapted 
conveniently for control by the relatively 
low-level signals which can be derived from 
radio systems, by introducing these signals 
instead of those applied^ from the Pilot's 
Controller. 

3.3. Automatic Horizontal Guidance 
Some preliminary experimental work has 

Fig. 15 
Smith Electric Pilot—Pilot's Controller 

been done on the automatic approach prob
lem using the SCS51 system in conjunction 
with an automatic pilot of conventional 
design. 

The SCS51 runway localiser provides a 
D.C. current which is a measure of the angle 
between the runway centre line and the line 
joining the transmitter to the aircraft. This 
signal may be introduced to the automatic 
pilot to cause a proportional rate of turn of 
the aircraft, so that when it is on the centre 
line no turn signal is present. Such a system 
would, however, give an unstable approach, 
for an aircraft initially off the centre line 
would turn through a continuously increas
ing angle in approaching it, and would over
shoot. This can be prevented by introducing 
a term related to the rate of approach to the 
runway centre line in addition to the dis
placement control discussed. One simple 
method of doing so is to use the difference 
between the known runway direction and the 
aircraft heading as given by a gyro compass. 
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BEAM ANGLE 

RUNWAY LOCAUSER 

Fig. 16. 

HEADING RELATIVE TO 
RUNWAY DIRECTION 

Automatic Horizontal Guidance—Explanatory Diagram. 

The control equation is then, if aerodynamic 
and any other lags are neglected 

•^i=acr — b\j/ . . . (1) 

Also, if \j/ is small, 

Vf+W +y = 0 
where the notation is given in the explanatory 
Fig. 16. 

These equations give 
•• • " bW 
tcr + cr (2 + bt) + (r (a+b)+ -y~ = 0 

If the constants a and b are suitably 
selected, the angle a- will approach asympto

tically to the constant value 
/ b \W 
[a + bjV 

A reasonable value for the ratio— found by 
o 

W 
experiment is about 10, and — is roughly 

the drift angle, so that the aircraft settles on 
to a downwind approach track which is 
inclined at about l/10th of the drift angle to 
the runway centre line This error can be 
eliminated by moving the datum from which 
the aircraft heading is measured at a rate 
proportional to the beam signal, whenever 
the aircraft's rate of turn is substantially 
zero, i.e., by modifying equation (1) to ' 

* » • 
-c(\j/—i£D) whenever \j/c i0 

where ^D is the datum for the aircraft head
ing, and was originally the runway direction. 
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A typical approach with this type of con
trol is illustrated in Fig. 17. The approach 
was started at a range of seven miles from 
touch-down, the aircraft being about one 
mile from the runway centre line and head
ing roughly parallel with it. The aircraft 
turned rapidly on to the centre line, the 
maximum change in heading being about 
45°; during this manoeuvre approximately 
constant height was maintained, until at the 
point A engines were throttled and the 
approach glide began. The aircraft main
tained the required track to within about 
100 yards, and completed the approach sub
stantially on the centre line. 

Analysing the approach in more detail, the 
drift angle was about 4°, so that the position 
of the aircraft north of the centre line at the 
end of the initial turn, and its final heading, 
are in accordance with theoretical expecta
tions. The northwards departure of the air
craft after starting the glide is due to the 
large change of rudder trim with throttle 
setting which occurs on the aircraft con
cerned, but this effect and other deviations 
from the theoretical path which can be dis
cerned from detailed examination of the 
record have been eliminated before the end 
of the approach. Such departures could not, 
however, be tolerated if the order of accuracy 
required for landing on a runway were 
desired. Consideration of a number of 
records, similar to that shown and obtained 
under varying weather conditions, show that 



T H E P R O B L E M S O F B L I N D L A N D I N G 

high gearing in the automatic pilot is 
required to give precise stabilisation and to 
minimise disturbances due to change of 
rudder trim with throttle setting and varying 
airspeed, and that the large variations of 
cross-wind with height which occasionally 
occur may prove to be the limiting factor 
with the particular control system used. 

An interesting point is that a scheme 
similar in many respects to that outlined 
above was brought into small-scale use by 

the Germans towards the end of the past war. 
A beam system of the Lorentz type was used 
in conjunction with the K.4 automatic rudder 
control, the pilot manipulating ailerons to 
give co-ordinated turns; the automatic con
trol provided a higher gearing than that used 
in the experimental work I have described. 
It is believed that the system functioned well 
and brought the aircraft on to a standard 
runway, except when an appreciable cross-
wind was present. 

5000 
LANCASTER AIRCRAFT 
A/S APPROX. 108 KNOTS 
WEATHER ROUGH 

WIND--1000 FT. 

200"M 12 KNOTS 

Fig. 17. 
Automatic Horizontal Guidance—Typical Approach Path. 
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LANCASTER AIRCRAFT 
A/S APPROX. 108 KNOTS 
WEATHER ROUGH 

5 RANGE FROM 
TOUCHDOWN—MILES 

1500 HEIGHT—FEET 

Fig. 18. 
Automatic Vertical Guidance—Height Errors. 

It should be remarked that the particular 
control system used represents only one of a 
number of possible approaches to the prob
lem. In particular, the use of aircraft head
ing to provide a measure of the rate of 
approach to the beam may be superseded by 
deriving the rate term from the beam itself. 
Given a measure of the aircraft range from 
the localiser, the linear distance of the air
craft from the runway centre line can be 
derived from the beam signal, and differen
tiation with respect to time will provide the 
rate of approach. The use of this term 
should minimise errors which arise from 
variations of cross-wind with height because 
the rate term is being measured from 
the correct datum rather than from one 
which varies with the cross-wind. It does, 
however, require that as the beam is 
traversed its signal must vary smoothly so 
that the rate derived by differentiation is 
accurate, a condition not adequately met on 
many sites by any existing beam system. 

3.4. Automatic Vertical Guidance 

The problem of guiding an aircraft in the 
vertical plane down the required approach 
glide path appears somewhat easier than the 
horizontal guidance problem which has been 

discussed, primarily because the aerodynamic 
damping in pitch is usually much better than 
in yaw. This remark applies, however, only 
to the approach phase, the conditions during 
the final landing manoeuvre being vastly 
different. 

Figure 18 is a typical record showing the 
accuracy with which an aircraft under auto
matic control adheres to the required path 
in the vertical plane. During this approach, 
throttle and flap settings were constant; the 
approach speed of 108 knots was maintained 
by the control to within +6 knots. 

The elevator was controlled by signals 
derived from the SCS51 glide path and from 
the pitch gyroscope of the automatic pilot, 
so that 0 — c/3 = 0, where 6 is the pitch atti
tude of the aircraft relative to a datum 
displaced 3° (the glide angle) from the 
vertical gyroscope, /? is the angular position 
of the aircraft relative to the SCS51 glide 
path, and c is a constant. 

This result, while technically promising, 
is of a preliminary nature only, for experi
mental work with differing types of aircraft 
and with variation of flap setting during the 
approach is required before a final type 
of control can be established. 
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4. SOME SUGGESTED METHODS OF 

POSITION FIXING 

4.1. Introduction 

The methods of fixing the aircraft's posi
tion and of controlling it which have been 
described relate primarily to the approach 
path and do not apply in general to the final 
landing manoeuvre. The urgency of 
attempting to deal with this last phase of a 
journey by air without visual contact with 
the ground needs some comment, for even 
in our variable climate conditions approach
ing zero visibility on the ground are some
what exceptional. 

One's personal observation on this point is 
perhaps as reasonable a guide as can be 
obtained without an extensive analysis of 
meteorological data, provided that two facts 
are remembered. Firstly, not only must the 
landing conditions be suitable, but the fore
cast must also be favourable, and this may 
well introduce a factor approaching two over 
the actual incidence of unfavourable condi
tions. Secondly, conditions at night are in 
general appreciably worse than in daylight 
hours. 

Meteorological data relating to Southern 
England suggests that over this area a 600 
foot ceiling is four times as frequent as a 150 
foot limit, so that a reduction in operating 
ceiling from 600 feet to 150 feet would be a 
large step towards eliminating the number 
of flights cancelled by terminal conditions. 
I am tempted to hazard the estimate that, 
while at present terminal conditions are the 
main unavoidable source of cancelled flights, 
an operating ceiling of 150-200 feet would 
leave them at least as large a contributor as 
any other single cause. In this connection, 
the average yearly percentage regularity of 
the U.S.A. internal airlines was 94 per cent, 
in 1942, with a maximum in summer of 98 
per cent., and in winter a minimum of about 
88 per cent. Terminal visibility conditions 
accounted for 70 per cent, of cancelled 
flights. 

Before discussing particular suggestions for 
fixing an aircraft's position during both 
approach and landing, it is perhaps necessary 
to venture some general remarks on the 
landing problem, for the control of the air
craft during landing will undoubtedly influ
ence considerably the choice of a position 
fixing system. 

It may first be remarked that the concep
tion of a fixed glide path to which the aircraft 
is controlled down to the ground is frequently 
advanced. This implies that the aircraft is 
controlled to impact the runway at a fixed 
point or on a fixed line across the runway, 
so that the tolerance of several hundred yards 
which is utilised in visual landings is thrown 
away; for this reason alone, the conception 
of a unique path is not attractive if landing 
with it is contemplated. 

A second suggestion, which has been used 
in pilotless aircraft work, is that the aircraft 
should be controlled on a fixed glide path 
down to a height which, depending on the 
aircraft type, might be between 20 and 100 
feet; at the predetermined height, positional 
control in the vertical plane is abandoned 
and gyroscopic control only is used, e.g., 
the pitch attitude of the aircraft given by a 
gyroscope might be altered so as to flatten 
out the path and bring the aircraft to the 
correct condition at touch down. This con
ception demands precise control of many 
factors, such as airspeed, loading, flap posi
tion and engine conditions, which may well 
in their aggregate effect prove to be critical. 
The thought of leaving the aircraft to a con
trol which is not related to the ground also 
suggests that a high order of reliability is 
not inherent in the scheme. 

4.2. Radio Altimeter 

A conception for instrument landing which 
appears reasonably sound is that the height 
of the aircraft above runway level should be 
measured continuously and smoothly so that 
it can be differentiated, and that the primary 
control near the ground should depend on 
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height and vertical velocity. With such 
information, the aircraft is not confined to 
a unique path, and can be controlled from 
all the factors which affect its safety at the 
moment of impact. 

The most promising means for obtaining 
the height measurement is probably some 
form of radio altimeter. Altimeters using the 
heterodyne principle (5) have been used to an 
appreciable extent, but their accuracy near 
the ground, of the order of 10 feet in the 
most suitable equipment now existing, would 
certainly fail to meet the requirement for 
landing. A substantial improvement in 
accuracy can undoubtedly be obtained, for 
developments in centimetric valve technique 
make available a more favourable frequency 
band, and it is possible that an accuracy of 
about two feet can be obtained. 

While such an instrument may prove a 
valuable adjunct to the landing manoeuvre, 
its application to vertical guidance during 
approach meets with one awkward obstacle; 
the ground is often far from level. Since 
slopes greater than 1 in 20 are common, the 
altimeter could not provide a usable glide 
path. The information on ground contours 
required to correct the altimeter can, of 
course, be found and it may be that some 
practicable method of applying it will be 
forthcoming. If so, the use of a radio alti
meter for vertical guidance during approach 
and landing would become an attractive pro
position. 

It is of interest in this connection that 
measurements of manual landings with 
experienced pilots made by German workers 
showed that near the ground the height of 
the aircraft varied exponentially with time to 
touch-down, i.e., followed the law: 

% +fefc = 0 . . (2) 

where h is the height of the aircraft, t is the 
time in seconds and k a constant of the order 
of 5, which varies with the type of aircraft. 

In the German Fu. G. 101 radio altimeter, 
the normal indication of height above ground 
is given by a D.C. milliammeter, and in prin-
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ciple the addition of a condenser-resistance 
network can be arranged so that no current 
flows through the meter when equation (2) 
is satisfied. Thus, if the pilot maintains the 
needle of the instrument against a fixed mark, 
the aircraft should follow the required path, 
on to the ground. Considerable success was 
claimed for this scheme by the Germans as a 
result of tests under a hood; it was stated 
that pilots with experience of it kept an eye 
on the "zero-meter" during visual landings, 
because they found that improved landings' 
resulted. 

4.3. Narrow Beams 
It was stated in discussing the SCS51 

system that the effects of reflecting objects 
provided a controversial subject, a comment 
which applies to all existing beam systems. 
One line of attack to remove this difficulty is 
in the application of centimetric radiation, 
made practicable by the advances in valve 
technique of the past few years. 

Radiation on a wave length of, say, 3 cms., 
can be directed in a beam of angle +0.5° 
by a reflector of diameter about six feet, and 
a glide path formed by overlapping beams 
can then be provided such that the radiation 
does not impact the ground or illuminate 
obstructions lower than the 1° elevation angle 
normally specified for runways. 

The runway localiser radiation can also be 
kept above the 1° elevation angle and res
tricted in the horizontal plane to, say, ±6° 
from the runway direction. 

A system on these lines should give 
immunity from reflection troubles, and if the 
runway and glide path localisers are com
bined in one equipment placed off the land
ing end of the runway, as shown in Fig. 19, 
an approach scheme attractive in many res
pects is presented. As usual, there are, 
however, some controversial points, such as: 

(i) The aircraft must be fed into the run
way localiser beam by a precise short-
range navigation airfield control system, 
since the coverage of the beam at 10 
miles' range is only two miles. 
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GLIDE PATH BEAM 

RUNWAY 

RUNWAY LOCALlSER BEAM 

Fig. 19. 

(ii) While the system gives in principle 
complete immunity from reflection 
troubles, the reflection coefficients on 3 
cm. wavelength are appreciably greater 
than on the wavelengths hitherto used. 
Suppression of side lobes and generally 
a well designed reflecting system will be 
essential. 

(iii) The sensitivity of the horizontal guid
ance indication increases much more 
rapidly as the runway is approached 
than when the localiser is at the remote 
end of the runway. 

(iv) If more than one aircraft is in the 
beam, the one nearest the runway may 
affect appreciably the radiation reach
ing the others, owing to the high reflec
tion coefficient on the short wavelength 
used. The rate of landing may, there
fore, be restricted. 

If these problems can be surmounted, the 
use of short wavelength radiation gives pro
mise of a compact ground set and a simple 
airborne installation, with reduced aerial 
sizes and lighter equipment than hitherto 
attained. There appears, however, little hope 
that it can provide more than an approach 
system, usable possibly down to a height 
of the order of 200 feet. 

The main advantages of the suggested 
system over existing aids appear to be:— 
;(i) Immunity from reflection troubles, 

enabling the equipment to be used on 
many airfields where existing beam 
systems would give poor results. 

(ii) Relatively simple and compact ground 
and airborne equipment, which with (i) 
will tend to increase the scale of use. 

It is apparent that, to provide an appre
ciable advance compared with existing aids, 
the pilot's task will need to be lightened by 
coupling the system to an automatic pilot 
or providing for him a much improved 
presentation, for which continuous range 
measurement used to reduce the sensitivity 
of control as the runway is approached may 
be necessary. 

4.4. Leader Cable 
A proposal which has frequently been 

made for defining the required approach 
track for an aircraft is the use of a leader 
cable, as sometimes applied to the problem 
of assisting ships into harbour during poor 
visibility conditions. In its simplest concep
tion, the method uses a single cable carry
ing alternating current, creating a magnetic 
field which is detected by a horizontally 
mounted coil in the aircraft. When directly 
over the cable, i.e., over the runway centre 
line or its extension, no current is induced; 
the magnitude and phase of the induced cur
rent give a measure of the departure from 
the centre line. 

Many variations of this scheme have been 
proposed to provide both horizontal and ver
tical guidance. In the simple case of one 
cable, the magnitude of the current induced 
in a vertical coil with its plane fore-aft in 
the aircraft gives a measure of height pro-
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vided the aircraft is directly over the cable. 
Unfortunately, seriously erroneous informa
tion is provided if the aircraft is off the centre 
line by an amount comparable with its 
height. It appears that, if schemes involving 
a multiplicity of cables are used, either the 
same failing occurs, or the percentage varia
tion of induced current with height is too 
small to permit sufficiently accurate measure
ments with reasonable airborne equipment. 

The scheme is therefore limited to giving 
horizontal guidance, for which it has some 
attractive features when the aircraft is near 
the ground. Usable signals can be obtained 
with simple airborne equipment at ranges of 
500 feet with cable currents of the order of 
30 amps, at 1,000 cycles per second, and a 
high order of accuracy and reliability could 
be assured. 

The practical aspect of running cables 
more than, at the most, two miles from the 
runway appears to prohibit the scheme as an 
approach aid, and it therefore implies a 
change from an approach to a landing system 
at a height of not more than 500 feet, which 
may well be regarded as undesirable. 

4.5. Radio Camera 

During the war airborne microwave radar 
was used to provide in the aircraft a map or 
picture showing the main features, e.g., 
towns and rivers, of the country below. 
With the possibility of using waves in the 
millimetre region to give high definition, the 
spectacular step forward of providing the 
pilot with a quasi-optical image of the run
way and its surrounds may perhaps be con
templated. 

Much research is required before a resolu
tion comparable with ordinary vision can be 
attained, and it may be that with the wave
lengths involved scattering and attenuation 
will prevent useful results under some 
atmospheric conditions Also, the weight of 
equipment using present techniques is pro
hibitive for airborne use, but here alternative 
methods may be possible and result in a 
simple and light device. 
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Such considerations definitely pertain to 
the future, but offer a possibility which 
should not be ignored as research progresses. 

4.6. Sundry Points 

(i) The suggestions outlined above are a 
selection from many, and were chosen 
primarily to show that techniques which may 
solve blind landing are now possible, and to 
illustrate the problems involved. In the 
perhaps idealistic aim of achieving a complete} 

solution, the contributions which airfield 
lighting and Fido can offer have not been 
detailed, because neither appears likely to 
deal with all weather conditions. 

(ii) The measurement of the range of 
the aircraft from touch-down during the 
approach has also not been discussed in 
detail. Unfortunately, the radar method of 
range measurement involves weighty and 
complex aircraft equipment in relation to a 
function which does not appear of great 
importance; in other words, range specific
ally for blind approach must be provided 
cheaply. It may, however, prove to be the 
case that range measurement from the air
craft is also desirable, perhaps essential, for 
airfield control under restricted visibility 
conditions. 

(iii) The form in which the information 
of his position should be presented to the 
pilot during manual approach has not been 
given any prominence. This is the subject 
of much debate in relation to existing 
approach systems, but a clearer conception 
than now available of future methods is 
required before it can be discussed usefully. 

(iv) A general conception which should 
be borne in mind is to seek as far as possible 
a common solution to the horizontal guidance 
and the short-range navigation problems, 
remembering that the former demands a 
much higher order of accuracy. It may also 
be suggested that approach and landing 
should use the same equipment, not only in 
order to avoid any change-over at a critical 
stage, but also so that the use for landing 
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can come gradually as experience and confi
dence in the system are obtained. 

(v) While the application of the auto
matic pilot to the approach problem has been 
considered to some extent, its use during the 
landing manoeuvre has to date received little 
attention. When discussing this it should be 
remembered that the aim is not to replace 
the pilot, but to assist him in a difficult task. 
Thus it may prove that automatic azimuth 
guidance only is required, the elevator being 
left under the pilot's direct control. It may 
be remarked also that automatic throttle 
control has not been discussed because it is 
felt that for psychological and practical 
reasons throttle operation should be manual. 

(vi) A number of points relating to the 
final stage of a blind landing have not been 
mentioned. In particular, the necessity for 
removing drift immediately prior to touch
down in a cross-wind landing may not arise 
frequently under blind conditions, but it 
presents a difficult technical problem, and 
the control of the aircraft on the runway will 
also need much investigation. 

(vii) Attention must continuously be 
directed towards the effects of trends of air
craft and engine development on the blind 
approach and landing problems. 

With the advent of jet engines, low angle 
approaches appear likely to come into vogue 
under all visibility conditions, probably 
without serious impact on the angles used in 
blind approach. 

The use of tricycle undercarriages will 
undoubtedly assist the blind landing prob
lem, because of the reduced tendency to 
balloon after touch down, and also by pro
viding easier runway control. 

The effects of aerodynamic developments 
in the quest for high speed and for low-drag 
wing sections are, however, much more 
speculative, since they may react in a manner 
at present unpredictable on the problems of 
control at slow speed. 

(viii) In tackling the problems of blind 
landing, one bar to rapid progress is that 
much flight experimentation is required for 

varying weather conditions, differing types of 
aircraft and the vagaries of existing radio fix
ing systems combine to provide a formid
able programme. The extensive use of 
instrumentation methods is essential in this 
connection. 

It is also important that technicians 
employed on the work should themselves 
have piloting experience, in order to gain an 
appreciation of the difficulties, and to have 
the best opportunity for proposing methods 
for their solution. 

(ix) International standardisation of a 
blind landing system will ultimately be neces
sary; it is too early to discuss the implica
tions. 

5. SUMMARY 

The problems of blind landing comprise 
that of defining the aircraft's position relative 
to the runway, and that of controlling the 
aircraft from the positional information. The 
position fixing problem is unlikely to be 
solved for the purpose of landing solely by 
beam or ground control systems, such as 
have been used for blind approach, although 
a centimetric beam system may lead to an 
appreciable and worth-while advance for 
approach purposes. 

The provision of adequate information for 
vertical guidance appears the most difficult 
landing problem, and some form of radio 
altimeter the most promising solution. 

The use of automatic controls to assist the 
human pilot in controlling the aircraft on the 
approach track should ease his task con
siderably, and the application of this con
ception to the landing manoeuvre deserves 
investigation. 

6. CONCLUDING REMARKS 

The title "The Problems of Blind Land
ing" invites emphasis on the difficulties 
involved in bringing an aircraft safely on to 
the ground in zero visibility conditions. My 
remarks may therefore present a somewhat 
complex picture, but I would emphasise that 
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the advances in radio technique and in air
craft control which can now be applied to the 
problems give every promise of considerable 
advances over the existing state of the art. 
The days when blind flying seemed more 
difficult of achievement than blind landing 
now appears are within the memory of 
many. 

There is required, however, a clear con
ception of the lines on which to pursue 
research and development so that a practic
able solution of the problems may be 
attained. 
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On the motion of the President, the 
sincere thanks of the meeting were accorded 
Mr. Pritchard for his paper. 

DISCUSSION 
Mr. W. G. A. Perring (Director, Royal 

Aircraft Establishment, Fellow): He paid 
tribute to Mr. Pritchard and his team who 
had been working on the blind landing pro
blem, probably the most important problem 
that had to be solved in connection with 
aviation. He regarded the aspect of it with 
which Mr. Pritchard had dealt in the paper 
as being only part of a much bigger 
problem. 

The general question of blind landing was 
part of the whole problem of the control of 
aircraft to and from an aerodrome. That 
control had to be exercised, not in the 
immediate vicinity of an aerodrome which 
might be regarded as being within a radius 
of some four or five miles, but over a radius 
of possibly 200-300 miles. That was an 
important aspect to which he would return 
later. The particular point he had in mind 
was the importance, when controlling traffic, 
of ensuring that each aeroplane arrived at 
the aerodrome facing in the right direction 
and at the right time. 

The consideration of control in and 
around the aerodrome, in all weathers, could 
be broken down into the following problems. 
There was the' general problem of control 
of direction, control of the glide path, the 
problem of landing the aircraft itself when 
conditions were really bad, and finally, 
there was the control of the aircraft on the 
aerodrome. It was important when handling 
air traffic to handle it rapidly; the clearance 
of the runway, the necessity for the ground 
staff being assured that the runway was 
clear so that the following aircraft could be 
landed, was an important phase in general 
operation. 

In considering these problems, it was 
important to bear in mind the international 
aspect. The author had described equip
ment which at the moment was drawn 
largely from American sources. But ulti
mately, if full use was to be made of the 
best landing aids they would have to secure 
common acceptance and those aids would 
have to be fitted to all airports that British 
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aircraft would normally use. That meant 
all the airports of the world. 

Further, in connection with the inter
national problem, the general problem of 
codes and languages would have- to be 
solved. 

From the aeroplane designers' point of 
view, as much of the equipment as possible 
must be put on the ground. Therefore, the 
ground-controlled approach system dis
cussed in the paper had many attractions. 
For example, it made use of radio receiving 
equipment which the aircraft might normally 
be expected to carry. It introduced language 
difficulties, and possibly it would slow up 
the rate of landings; the author's estimate 
was that ony 15 aeroplanes per hour could 
be handled by it, but nevertheless in an 
emergency, G.C.A. would be a very valuable 
reserve. He had the feeling that, with the 
ground-controlled approach systems, aug
mented possibly by efficient ground lighting, 
it should be possible to deal with most of 
the bad weather conditions that were likely 
to be experienced. 

With regard to the technical aspects, the 
important advances in radar technique had 
put into their hands the tools required to 
solve the general problem of approach, and 
the development of the radio altimeter had 
probably also put into their hands the tool 
they required to deal with the actual landing. 
So that it seemed that they were in sight, 
perhaps not of the ultimate solution, but of 
a reasonable solution of the general problem 
of landing. 

The more general adoption of nose wheel 
undercarriages would help solve the diffi
culties of drift at touch-down in cross winds. 
He felt, too that the development of the 
electrical automatic pilot, described by Mr. 
Pritchard, coming as it did at this stage, 
would also make an important contribution. 
Landing an aircraft under any conditions 
presented the pilot with a sufficiently diffi
cult task, but in bad weather it set him an 
almost impossible task unless as much of 

the work as possible was taken off his hands. 
The automatic pilot should be used in this 
way and carry out as many as possible of 
the duties involved in the approach and 
landing operations. 

His own experiences bore out the truth of 
the statement that blind landing presented 
probably the most important problem to be 
solved in connection with aviation. For 
example, recently he had left Paris for 
Amsterdam by air in glorious autumn sun
shine. A few miles north of Paris bad 
weather was encountered, the sky clouded 
over and rain began to fall. By the time 
Brussels was reached the pilot was informed 
that Amsterdam was completely out-of-
bounds. Consequently, the aircraft landed 
at Brussels and remained there for three 
hours before it could proceed further; then 
almost another hour was spent over Amster
dam, almost within sight of the aerodrome, 
awaiting permission to.land. That was not 
a unique experience and it was not necessary 
for him to point the moral to the story: the 
importance of facing up to the problems and 
providing long-range flying control and the 
aids for bringing aircraft safely to land under 
all weather conditions. 

Mr. M. B. Morgan (Aero. Department, 
R.A.E., Fellow): He enlarged on the aero
dynamic aspect of the problem as affected 
by size of aircraft. There was a popular 
impression that, as the size of aircraft 
increased, its response to control movement 
became much slower than that of smaller 
aircraft, and that in consequence a very 
different technique might be needed for 
effecting the actual landing. He had rather 
shared that view until recently, when he and 
his colleagues had made some calculations 
covering a range of sizes from about 
6,000 lb. all-up weight to about 500,000 lb. 
all-up weight. The results had surprised 
him so much that he deemed them worthy 
of attention: they indicated that, while it was 
quite true that response was much slower 
on the large aircraft, the consequences of 
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this slow response in terms of the parameters 
which really mattered were relatively small. 

For example, they had considered the 
height at which the pilot would need to 
start holding off the aeroplane in order to 
touch down with zero rate of descent. That 
varied extremely slowly with aircraft size, 
and indeed, it seemed much more sensitive 
to wing loading than to size. Taking a 
wing loading of 30 lb./sq. ft. in a 6,000 lb. 
aeroplane the pilot must start holding off 
at a height of about 18 ft. from the ground; 
for a 60,000 lb. aeroplane the height was 
about 2 1 | ft.; and for the 500,000 lb. aero
plane that height was increased only to 
26 ft. Similarly, with a wing loading of 
60 lb./sq. ft., in the case of a 6,000 lb. 
aeroplane the height at which the pilot must 
start to hold off was about 37 ft., and for 
the 500,000 lb. aeroplane that height was 
only 52 ft. 

These figures were, of course, based on 
certain arbitrary assumptions about the rate 
of control movement, normal "g , " etc., and 
compared with average piloting technique 
they might be somewhat on the low side; 
nevertheless, they were of value in indicating 
the variation with aircraft size. Again, 
calculations on the forward distance travel
led while correcting a given sideways offset 
from the runway direction, indicated com
parative insensitivity of this quantity to 
aircraft size. 

The results were comforting, as indicating 
that, if the problem of bringing an aeroplane 
to earth successfully were solved for the 
medium-size aeroplane of about 60,000 lb. 
all-up weight, the technique and apparatus 
need not be vastly different for the really 
large aircraft contemplated for the future. 

A big problem in that last stage of bring
ing the aircraft to earth was undoubtedly 
that of landing with drift, and at present 
it was difficult technically to see around it 
in a clear-cut way. It was the problem of 
bringing the aeroplane in, travelling down 
the runway and, lastly, swinging the nose 
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round to just the right angle to bring the 
aeroplane to earth without too much skid. 
The difficulty was that the cross-wind might 
be varying all the way down, and a difficult 
operation must be performed in the last 
stages very quickly and precisely, otherwise 
a lot of drift might be picked up in the 
opposite direction. However, first things 
must come first, and once the basic problem 
of landing dead into the wind had been 
solved, the other problem should prove 
amenable to treatment. 

He emphasised the author's remark con
cerning the importance of some of the 
technical men engaged in work of that sort 
having some piloting experience. In his 
view it was absolutely vital, because, unless 
they had an idea of what it felt like to be on 
one's own in an aeroplane, it was difficult 
to appreciate fully the information obtained 
from the pilot second-hand and really to put 
it into its proper perspective. 

Wing-Commander E. E. Vielle (R.A.F. 
Transport Command): From the point of 
view of the practical pilot, he suggested 
that the big consideration facing them at the 
moment in any flying was that of doing 
the right things near the ground; there was 
an urgent need particularly to help the pilots 
of big aircraft—aircraft such as the Avro 
York—in holding off their aircraft at the 
right height and also, in bringing them down 
the right approach path. That help was 
needed more urgently in clear weather at 
the moment than in bad weather. Anyone 
standing at the end of a runway at any 
R.A.F. Station would see pilots coming down 
—no matter how experienced they were— 
giving bursts of motors on the approach, and 
finally, just before holding off, giving 
another burst of motors and plying the con
trols. That could not be tolerated, and they 
should tackle that problem first. If they 
could solve it for landing in clear weather, 
they should automatically solve it for blind 
landing. 

Querying the author's remark that it was 
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unlikely that they could use the automatic 
throttle control, he said the problems in 
connection with the York during the 
approach were mainly those of (1) con
trolling the throttles to keep the airspeed 
right, (2) the attitude, and (3) coming 
down the right glide path. If the throttles 
could be governed automatically to keep the 
airspeed where it was set on a dial, the 
problem of landing the aircraft was about 
halved. 

He had' flown with automatic throttles in 
America and they could keep the airspeed 
even under bumpy conditions, much more 
steady than could a human pilot. He and 
his colleagues did not like it at first, but they 
all came to like it very much as they gained 
experience. 

Again, if every approach could be made 
similar, so far as the pilot was concerned, 
they would be doing a lot to help. A glide 
path localiser was wanted—something like 
the SCS 51 was ideal—and there was a 
variety of automatic pilots which, when 
linked up to a suitable beam, gave 
approaches down to 50 ft. with very great 
accuracy; below that it might go haywire! 
Standardised approaches were practised at 
night with sector lights, and under those 
conditions the pilots usually made a very 
much better approach provided that the 
wind remained the same. With the glide 
path fixed in relation to the ground, if the 
wind changed in strength it meant a new 
rate of descent and new attitude which 
usually resulted in bad approaches and 
landings until the pilot became accustomed 
to the new conditions. 

The point was that the glide path needed 
to be varied in angle, depending on the 
wind. If that were done, the pilot would 
be concerned with two things, i.e., the 
attitude of the aircraft and the airspeed. 
If- the airspeed were controlled automati
cally, and if the glide path were varied with 
the wind, the pilot would have the aircraft 
in the same attitude for every approach he 

made; so that the problem became one of 
altering the attitude at the right height by 
the right amount. 

At present, if the SCS 51 were used and 
if there were a 30 m.p.h. wind down the 
runway, a very different- type of approach, 
from the pilot's point of view, had to be 
made from that made when there was no 
wind. Thus, with the present systems every 
approach with a different wind was done in 
a different attitude. 

They wanted a very good automatic pilot. 
If with that automatic pilot the attitude to 
the glide path could be set and the aircraft 
could come down in that attitude, and pos
sibly at a determined height one altered the 
attitude by a given amount, at the same 
time probably throttling back, the landing, 
if originally calculated correctly, would be 
a good one every time, irrespective of the 
wind. 

Reverting to the point that, if they could 
solve the landing problem for ordinary 
weather, they would become accustomed 
to doing the right thing and would do it in 
bad weather also, he emphasised again that 
they must have more instruments to help 
the pilots to make even a normal landing 
in an aircraft such as the York. They could 
not leave it to the pilot's judgment any 
longer. 

Mr. F. W. Meredith (S. Smith and Sons 
(England) Ltd.): He was a pilot by proxy, 
being a designer of automatic pilots, and 
he hoped the expression of his views would 
not be taken amiss, in spite of the fact that 
he did not pilot an aeroplane. 

First, he did not feel alarmed about the 
increase of the size of aeroplanes. It had 
always appeared to him that, the larger the 
aeroplane, the smaller were the irregularities 
in the ground in relation to it, so that the 
ground became relatively smoother. Fur
ther, the amount of travel which the 
aeroplane designer could provide on the 
undercarriage to absorb the vertical velocity 
was increased with the increase of size of 
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the aeroplane. From all points of view the 
large aeroplane seemed to have a great 
advantage over the smaller one. 

Again, there was nothing frightening 
about the actual touch-down manoeuvre. 
It had been solved for very small aircraft, 
such as the Queen Bee, both in this country 
and in America; and bearing in mind his 
remarks on the size of aircraft, the problem 
should be easier in the case of the larger 
aeroplane with which they were concerned. 

The aeroplane designer ought to give 
every help he could, particularly in regard 
to the question of cross-wind at the time of 
touch-down. He was not sure whether he 
was asking too much in saying that the safe 
aircraft of the future should have some form 
of castor action in the undercarriage, 
whereby a reasonable amount of drift at the 
moment of touch-down could be tolerated 
without causing harm. That would ease the 
problem enormously; but even if it could 
not be done he did not think it was imprac
ticable, through the agency of the automatic 
pilot, to make the necessary correction at the 
last moment. 

He gathered from the remarks of Wing-
Commander Vielle, in connection with the 
making of better landings in clear daylight, 
that he wanted pilots to bring their aircraft 
down without varying the throttle. He 
suggested exactly the contrary. It seemed 
to him that the throttle was provided for 
the purpose of varying height and that the 
correct way of bringing an aeroplane 
accurately to the point of touch-down was 
to use the elevators to control the attitude 
and airspeed and the throttle to control 
height. 

He would like to see the problem 
approached from the point of view of the 
vertical glide path localiser taking direct 
control of the throttles. It might be neces
sary to bring in an inter-coupling to the 
elevator control of the automatic pilot, to 
correct any disturbance introduced by the 
variation of the throttles; but even that 
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might not be necessary if a powerful air
speed monitor were provided in the auto
matic pilot to keep the airspeed constant. 

If the matter were dealt with from that 
point of view, he believed the aeroplane 
would approach the glide path beam at an 
appropriate speed, some 30 or 40 per cent, 
above stalling speed; the engines would be 
throttled back, keeping the airspeed con
stant during the transition, and then the 
throttles would be automatically governed 
to keep the right position in the beam until 
the aeroplane was very close to the ground. 
The question as to whether the final flatten
ing out signal was by radio altimeter or by 
mechanical contact of a plumb line with the 
ground, as in the case of the Queen Bee, 
did not appear to be very important. 

He had been thinking about the blind 
landing problem since the Fog Landing 
Panel, of which he had been a member, was 
set up at the R.A.E. some 15 years ago. 
It had always seemed to him that there was 
grave danger, in providing equipment for 
Fog Landing, that the purpose for which 
it was provided might be forgotten. The 
purpose was to get an aeroplane out of 
trouble, not to provide an excuse for getting 
it into trouble. The danger was that, when 
equipment of that kind was provided, 
operators might say: "Here is manna from 
Heaven; let us increase the reliability of 
our schedules, and fly in all weathers." 
A possible result would be a large increase 
of the accident rate. 

He might be old-fashioned, and he hoped 
he did not appear to be too pessimistic, but 
he suggested that the time when blind 
landing equipment would be used to increase 
the regularity of schedules should be pushed 
into the fairly distant .future, and that for 
the time being they should confine them
selves to providing equipment that would 
save lives which, in the absence of such 
equipment, might be lost through accidents 
of faulty weather forecasts, and the like. 

Mr. R. W. Taylor (Blind Landing Experi-
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mental Unit): One of the major points in 
developing satisfactory position data at all 
sites, and one of the dangers of the proposed 
use of narrow beam systems on centimetre 
wave lengths, was that the use of wave 
lengths which were small when compared 
with the object one was trying to detect, 
gave very much increased reflected energies. 
He considered it extremely dangerous to 
assume that they could get more accurate 
position fixing by moving to very short wave 
lengths, on the basis that they need only 
illuminate the part of the sky that was clear 
of obstructions from the flying point of view. 

It might well be that they wanted to go 
quite the other way and use very much 
longer wave lengths, in order that the object 
which might get in the way would provide 
very little energy to distort the beam. That 
was particularly true if they attempted to 
provide azimuth guidance throughout the 
approach and landing. If they were to 
attempt to guide an aeroplane accurately 
after it was on the runway, almost inevitably 
objects other than the aircraft itself would 
be illuminated by the system which was 
providing the guidance. In that case the 
use of centimetre wave lengths might give 
rise to even greater difficulties than they 
had at the moment. 

He referred to the use of the radio alti
meter, and particularly the points raised by 
Wing Commander Vielle in connection with 
varying the glide path angle. Assuming 
that the difficulty of ground contours could 
be overcome in some way, i.e, assuming for 
the moment a flat earth, such that a radio 
altimeter would give a measure of the height 
of the aircraft above the runway; if then the 
aeroplane had a knowledge of the time to go 
to touch-down and could adjust its rate of 
descent, so that the rate of descent multiplied 
by the time to go was equal to its present 
height, a variable glide path was provided. 
The "time to go" did in fact include the 
aircraft's airspeed and the wind velocity; 
so that if a signal could be provided in the 

aircraft proportional to the time taken to 
reach touch-down point, so that the aircraft 
would lose the appropriate height in the 
appropriate time, then a system was 
obtained which approached much more 
nearly the technique used by a human pilot. 

He had skated over the problem of ground 
contours by assuming flat earth, which was 
certainly not true, as the author had pointed 
out. That particular problem led him to 
what was perhaps the specialist's line of 
least resistance, and that was, what could 
other specialists do about it? The radio 
altimeter measured the distance from the air
craft to the ground and at most aerodromes 
that distance was equal to the height above 
the runway during, say, the last 1,000 yards 
of the approach. If, prior to that point, 
there were some other means of measuring 
the height with sufficient accuracy, they 
could still achieve what he believed was the 
ideal system in vertical guidance, the "time 
to go" technique. 

He had wondered whether the barometric 
altimeter, for instance, could provide a 
sufficiently accurate measure of height prior 
to the last 100 ft. They could then easily 
imagine the control signal being derived 
initially from the barometric altimeter and 
being changed over smoothly to the radio 
altimeter for the touch-down. 

He endorsed Mr. Meredith's remarks on 
throttle control. He also was not a pilot; 
but his very early impressions were that, if 
somebody were looking after the airspeed 
by controlling the elevators, he would then 
lower the aircraft by varying the throttle. 

Mr. E. T. Jones (A. and A.E.E. Ministry 
of Supply, Fellow): He recalled the work at 
Boscombe Down, early in the war, of Wing 
Commander (now Air Vice-Marshal) 
Blucke, who had used then the most fully 
instrumented Anson he had ever seen; it had 
been used when there was a lot of fog. That 
work had been very interesting, and he paid 
tribute to the pioneering spirit of Wing 
Commander Blucke, who later had given a 

963 



D I S C U S S I O N 

tremendous amount of education in blind 
approach and landing to R.A.F. personnel. 

Since then he had not taken great interest 
in the problem of blind landing until he had 
read the present paper by Mr. Pritchard, 
which had prompted him to think about it 
and to make a suggestion for Mr. Pritchard's 
consideration. There might be nothing in it 
at all, but if he thought about it any more 
he would probably decide to wash it out of 
his mind. 

He had gathered that the most difficult 
part of the process of blind landing was the 
descent through the last 50 ft. Submitting 
his suggestion he illustrated, by means of a 
sketch, a building very long, very narrow 
and not very high, resembling somewhat in 
shape a water tank such as was used for 
testing model seaplanes. That would be 
situated at the aerodrome. In the building 
there would be a "synthetic" aeroplane 
having an actual pilot inside, who would 
transmit elevator movements through the 
automatic pilot to the aeroplane that was to 
land. On the wall there would be a graph 
on which was represented the landing path 
of the aeroplane coming down into the 
aerodrome. 

The position of the "synthetic" aeroplane 
in the building would be controlled by the 
path of the aeroplane that was landing. At 
a certain point the pilot in the building 
would take over control from the pilot in the 
aeroplane; he would do that when the aero
plane was at the right height as it was 
approaching the runway. As the pilot in 
the synthetic aeroplane moved the stick, so 
the elevator of the actual aeroplane would 
be moved and the aeroplane would change 
its flight path. A shadow indicating the 
position of the synthetic aeroplane could be 
thrown on to the graph or chart on the wall 
of the building. The pilot in the building 
could land his synthetic aeroplane either by 
looking ahead as was normally done in good 
visibility or by making the shadow follow 
the graph. The main point was that since 
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the path of the synthetic aeroplane was 
following that of the actual aeroplane the 
landings of both would coincide. 

He appreciated that the instrumental pro
blems were difficult, but he presumed thajt 
telemetering of instrument values could be 
arranged between the aeroplane to be landed 
and the mechanism controlling the synthetic 
aeroplane. The height could probably be 
fed in better by a ground-operated instru
ment rather than by one operated from the, 
aeroplane. The wind speed could be fed in, 
and he imagined there was an instrument 
which would be suitable to give the drift if 
necessary. 

He asked Mr. Pritchard to consider the 
suggestion for what it was worth. 

Air Commodore Frazer: He supported 
Mr. Meredith's plea that, before adopting 
devices in their comparative infancy to 
enable them to land, or to attempt to land, 
in increasingly difficult circumstances, they 
should use them as a means of increasing 
the reliability and the safety with which they 
could land in the sort of conditions they 
attempted to-day. In the process of doing 
that they would automatically disclose the 
reliability they could place in those instru
ments, and could fairly judge the extent to 
which they could increase the difficulties of 
the circumstances in which they might 
attempt to land. 

From the pilot's point of view he 
was attracted by the remarks of Wing-
Commander Vielle. The basis of the 
problem was that, when flying in clear 
weather conditions, one responded to a series 
of impressions which were totally different 
from those to which one switched suddenly 
when conditions changed, as they had done 
in the course of the flight mentioned by Mr. 
Perring, from Paris to Amsterdam. It 
seemed to him that half the trouble was 
caused by that sudden switching from one 
type of indication, calling for one series of 
reactions, to another type of indication 
calling for another series of reactions. 
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To that extent he supported Wing-
Commander Vielle's view that if they could 
land aircraft in day-time by the same method 
as was used at night and in conditions of 
bad visibility, not only would they give 
pilots added confidence when they were 
landing under awkward conditions, but they 
would give them the advantage of using the 
same technique and therefore avoid that 
strangeness which came when changing from 
a technique which was normal, to one which 
was used on only a limited number of 
occasions. 

Mr. W. J . Richards (Chief Super
intendent, Telecommunications Research 
Establishment): There was no doubt what
soever that the problem of the approach and 
blind landing would ultimately be solved 
largely by automatic means, for the obvious 
reason that that was the only way in which 
they could rid the human pilot of an essen
tially difficult task and, as Air Commodore 
Frazer and others had said, such means 
offered the only likely assurance that the 
system decided upon would be used 
universally, and not merely in conditions of 
emergency. 

As to the types of systems which were 
likely to provide solutions, they were more 
likely to solve the problem by means which 
enabled the aircraft itself to check its 
position in relation to its desired path than 
by ground-controlled systems. He would 
not be rash enough to say whether the 
system within the aircraft should be by 
beams, or by altimeter, or other means; but 
the fitting of the equipment within the air
craft itself was fundamentally sound. 

A point which had not been mentioned 
in discussion, but which he thought was 
brought out very clearly in the paper, was 
that there did not, in fact, exist at the 
moment a really satisfactory system of blind 
approach which was usable under all con
ditions and at all times. There was a slight 
danger of prejudicing the provision of a 

really first-class system of approach by 
seeking an ideal complete landing system. 

Mr. I. Bowen (D.Inst.R.D. Ministry of 
Supply, Fellow): The object of all the work 
on blind landing, and ultimately automatic 
blind landing, must be to enable aircraft to 
operate fully to schedule, and without dis
appointment to the passengers. They could 
approach that ideal by improving their 
means of getting out of trouble as Mr. Mere
dith had suggested; but they could get out 
of trouble in ways which were uncomfortable 
and which were not economical for aircraft. 
The object must be to develop a safe system 
and operate an uninterrupted schedule. 

The paper, and indeed the author's whole 
approach to the problem, emphasised the 
fact that before real progress could be made 
towards achieving fully automatic blind 
landing a thorough research must be made 
into the numerous factors which went to 
buiding up the complete problem. Such 
factors as flying characteristics during- a con
trolled approach, the characteristics of the 
flattening out to touch-down, the nature of 
radio beam systems, and the desirable 
characteristics of automatic pilot systems, 
were now receiving close and co-ordinated 
study, while at the same time new equip
ment was being designed and built. 

Radio and radar had given them-during 
the past few years valuable navigational and 
blind flying and landing aids, but the exis
tence of those aids should not lead them to 
assume that the fully automatic landing was 
just around the corner. Instruments might 
come into use—the SCS 51, for example— 
without their having a really detailed know
ledge of their limitations. The grand work 
which Mr. Pritchard and his team were 
doing would tell them the limitations of such 
devices, so that they might know how to 
improve and apply them in reaching the 
ultimate goal of automatic blind landing. 

He was glad to hear the author air the 
old controversy as to whether the pilot would 
be willing to submit to automatic control, 
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e.g., to an automatic pilot, during the 
approach; it would be noted that the 
author's experience showed that mistrust on 
the part of the pilot rapidly diminished with 
experience in blind landing experiments. 
Had he made that point five years ago, 
probably every uniformed speaker would 
have howled down the suggestion to hand 
over the aircraft to control by the automatic 
pilot; yet, of those who had spoken on the 
present occasion, none seemed to object. 
That represented a very great psychological 
advance during the past five years or so. 

The new Smith Electric Pilot was designed 
ab initio with blind landing in mind; it was 
good planning that had led Smith's Aircraft 
Instruments to produce the unit in its present 
form and at this present time. Experience 
with that automatic pilot at the R.A.E. had 
furnished increasing confidence that its 
principles and design were sound and that 
it would rapidly supplant earlier British and 
foreign automatic pilots in British and 
possibly, European-built aircraft. In the 
present economic and aeronautical position 
of this country they should give encourage
ment to such ventures, since great courage 
had been shown by the Company, and Mr. 
Meredith in particular, in launching into that 
very expensive development and bringing it 
to the. stage at which the Company had 
planned production sufficient to satisfy the 
needs of civil aviation over the years 1947 
and 1948. 

He hoped that in the not too distant future 
the Society might hear Mr. Pritchard des
cribe an accomplished system of automatic 
blind landing as the outcome of his present 
work and that of his colleagues at the 
Ministry of Supply's Blind Landing Experi
mental Unit. 

Mr. N. E. Rowe (Controller of Research 
and Long Term Development, British Euro
pean Airways, Fellow): One of the great 
difficulties in the whole of the work discussed 
was in the fundamental approach to it, as 
had been mentioned by Mr. Richards and 
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also, in passing, by Mr. Perring; whether the 
aircraft should be controlled from the ground 
or whether the pilot should be given all 
possible information to enable him to make 
his decisions on the spot. That was an 
extremely important matter, and one that 
ought to be decided early, because it would 
settle very clearly the directions in which 
the most intensive effort should be applied. 
He was no pilot, but his own predilection 
was for a system which would give the pilot 
the fullest possible information, and would 
remove much of the difficulty and leave him 
as free as possible to concentrate on the 
actual problems of a very difficult operation, 
made more difficult by the fact that'he was 
performing it under blind conditions. 

Another important matter mentioned by 
Mr. Richards was that of separating the 
problem into the approach and the actual 
touch-down. There was no doubt that assis
tance was needed as quickly as it could be 
obtained if they were to make the fullest use 
of civil aviation, especially in the European 
area. They were much more concerned with 
the problem in the European area than were 
the Americans in their area, because so often 
in Europe they had to endure flying con
ditions which they would refer to as blind 
flying. If they were really to have the con
fidence of the public in travelling by air, 
and especially to provide reliable schedules, 
the equipment could not be made available 
too soon. Hence if the approach problem, 
to a height of say 50 ft., could be solved 
more readily than the whole problem, 
including touch-down, let them concentrate 
on getting into use the equipment for the 
approach and let the touch-down equipment 
follow later. 

The complexities of the equipment, its 
weight and drag needed careful attention 
during its development. The aircraft designer 
and the aircraft operator wanted something 
as simple and as light and drag-free as could 
possibly be obtained. 

The point made by the author, that the 
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development of the equipment should take 
account of the trends of aircraft design, was 
extremely important in a long-range activity 
of this sort, where design was changing, wing 
loads were increasing, different sorts of power 
plant were being used, and so on. Con
versely, the aircraft designer should keep in 
the closest touch with the work in the 
development stage of the blind landing 
equipment, to see how he could help and 
how the development of the equipment was 
likely to affect his own designs. Thus, it 
was a two-way business. A minor point 
which was obviously of importance was the 
difficulty due to trim changes when the 
throttle was altered or when flaps were put 
down, and so on. 

When in America recently, he was told 
briefly of the sort of arrangement on which 
the Americans were working. He believed 
the controversy still existed there as to 
whether the pilot should have full informa
tion and act upon it, or whether he should 
be told from the ground what to do. But 
the general trend of opinion seemed to be 
to give the pilot full information and to take 
the task off his hands by automatic control 
as much as possible. The scheme envisaged 
there, was that by radar means a picture 
of all the aircraft in the locality in certain 
height bands would be displayed on a screen 
in the control room; that would be re-
radiated to aircraft in the vicinity, and they 
would recognise their particular points on the 
picture by means which were worked out. 
Also the direction in which the aircraft was 
heading at the moment would be indicated, 
and the ground controller would have the 
ability to mark on a transparent sheet over 
the display any change of direction Which he, 
by looking at the whole picture, at all 
heights, would think necessary for any given 
aircraft in making its final approach. That 
had been sponsored by the C.A.A. in 
America, he believed; they were getting good 
results experimentally and they believed 
they could make it a practical scheme. 

The author had referred to a land line 
scheme which, by means of a magnetic field, 
would give information to an aircraft 
approaching, and to the importance of the 
radio altimeter. Could those two ideas be 
combined, so that a sort of land line could 
be put out, perhaps not necessarily a line, 
but something which would give an echo to 
the radio altimeter and thus smooth out the 
irregularities of the ground before the aero
plane reached the approach area? It might 
appear to be a wild idea, but he put it 
forward for what it was worth. 

Brig.-General Sir H. Osborne Mance, 
K.B.E., C.B., C.M.G., D.S.O. (Com
panion) contributed: As a humble passenger 
he; listened to the paper and discussion with 
great interest. Ultimately they were not con
cerned with how blind landing was achieved 
but with the regularity of the service on the 
one hand and accident statistics on the other. 

The psychological reaction of the passen
ger on an aeroplane which had been making 
successive banking turns in blind flying for 
some half-hour after the due time of arrival 
would, he imagined, be the same whether 
he knew that the difficult problem of landing 
depended on the skill and reactions of the 
pilot or on the aerodrome control. The 
knowledge that the operation was controlled, 
if not carried out, by well-proved automatic 
scientific processes would undoubtedly add 
to the passenger's confidence; especially if, 
as suggested in the discussion, the same pro
cess was habitually employed for all 
landings. 

Captain J. Dolezal (Associate) con
tributed: It had been most gratifying to 
hear about the efforts to solve the problems 
of blind approach and landing and thus 
enable aircraft to operate in any sort of 
weather. Unfortunately, so far they had 
heard very few opinions on this subject from 
the actual users of blind approach systems 
as at present in use, namely, the pilots them
selves. Therefore, he ventured to mention 
a few points which, scientifically developed, 
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he thought might help aircrews in the diffi
cult task of bringing the aircraft in to land 
in bad weather conditions. 

The systems as described during the 
lecture might be considered in principle satis
factory for blind approach and would 
probably form a sound basis for future 
development. There was, however, one big 
objection; that was that in present form they 
were taxing the pilot's resources and skill to 
a very high limit, thus leaving only a very 
narrow margin of safety. 

With the blind approach instruments as 
they knew them to-day, a lot of good judg
ment and mental calculation was required 
from the pilot to form a precise picture of 
the situation. If they could arrange the 
blind approach instruments in such a way 
as to give the pilot a clear picture of the 
situation in terms he was familiar with, then 
his task already would have been made at 
least 50 per cent easier. 

It was difficult to imagine that at present 
a good approximation to the day landing 
could be achieved instrumentally. Yet they 
were quite at ease and confident when land
ing at night, even without the outer "drive" 
lighting. In this case the position of the 
aircraft, besides height, was defined by a 
relative bearing and distance from the touch
down end of the runway, while circling the 
aerodrome during the approach, and then 
by the yellow, green or red light beams 
from the glide path indicator and the dis
tance from touch-down point, while the aim 
was corrected by considering the deviation 
from the direction of the runway projected 
towards the aircraft. 

Thus by analogy, they came to the sugges
tion of an instrument which, in miniature, 
would give the pilot exactly the same picture 
of the situation. That meant an instrument, 
giving him (visually of course) the relative 
bearing and distance while flying around the 
aerodrome and which, when the aircraft was 
flying down the beam during approach, 
would provide the pilot with an indication 
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where he was relative to the beam; show 
his glide path by yellow, green or red light, 
and give the distance from touch-down point. 
At the same time, while flying along the 
beam, by comparison with his relative 
bearing he should be able to check on his 
drift, which eventually could be pre-
calculated (N.B. — before using blind 
approach indicator, directional gyro should 
be set to zero on a heading parallel to the 
direction of landing). > 

He had stressed the words "where he 
was." In his opinion this was the correct 
way of indication, since it was on the same 
basis as all other blind flying instruments 
and thus one method of interpretation would 
apply to all instruments the pilot was using 
during blind approach. Also the pilot had 
a better indication psychologically of the 
effectiveness of his corrections, seeing the 
error to diminish in the same sense as he 
was turning. Thus the pilot would be pro
vided with all the necessary information and 
what was more, in a way with which he 
was familiar. 

Constant indication of distance during 
approach, besides having other advantages, 
was also a great help in proper timing of 
the cockpit drill. Radio altimeter in the 
form mentioned in the lecture (Fu.G.101) 
should prove a valuable help in the final 
stages even if in the end the actual landing 
was accomplished visually. It was also 
absolutely essential to place the blind 
approach instrument so that it could be read 
in the closest co-ordination with the blind 
flying instruments. 

An instrument of this kind could also be 
used to advantage when, upon arrival over 
the aerodrome, the aircraft had to await its 
turn for landing. With the ever-increasing 
frequency of traffic this was almost unavoid
able, even when a long-range traffic control 
was applied most effectively. When flying 
blind it was not an easy task to keep within 
a radius of say 5-8 miles from the aerodrome, 
especially when wind speeds up to 50 m.p.h 
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might be encountered. The blind approach 
instrument of a kind visualised above (with 
a maximum range 10 miles) might be a 
valuable help and save the pilot much 
fatigue, since it would enable him to fly 
comfortably any pattern he liked within the 
range of his instrument and thus conserve 
his energy for the final approach and 
landing. 

A properly developed instrument of this 
kind need not be much heavier than the 
existing B.A.B.S. and even so, when human 
lives were the counterbalance, these few 
extra pounds of apparatus were more than 
justified. 

The introduction of automatically-con
trolled blind approach and landing seemed 
to be the ultimate solution of the problem. 
In the meantime, development of instru
ments on the above lines might help them 
to land aircraft in bad weather with a much 
greater margin of safety. 

Mr. L. H. Clough (Associate Fellow) 
contributed: Would Mr. Pritchard explain 
in detail how the SCS 51 field pattern 
curves shown in Fig. 8 were taken? In 
particular he would like to know what steps 
were taken to eliminate aircraft attitude 
errors. 

It appeared from an examination of the 
curves that they were most likely to have 
been taken by an aircraft flying backwards 
and forwards across the equi-signal track at 
right angles to the runway and at a fixed 
speed so that distances could be timed 
instead of being taken from ground pilots. 

(If this was correct the aircraft would of 
course face opposite ways on alternate runs 
and in no case would the reading be taken 
with the aircraft heading for the beacon.) 

It would be interesting to hear if any 
attempt had been made to compare the field 
pattern obtained by a flight in the reverse 
direction to that used for Fig. 8 using the 
same landmarks. 

Alternatively, in the apparently unlikely 
event of the flight having been made along 

equi-signal lines instead of across them, how 
had aircraft and pilots response errors been 
eliminated? 

Finally had any change of equi-signal line 
been detected anywhere in the field due to 
banking the aircraft? 

Mr. R. Ashton (Associate Fellow) con
tributed: His first reaction to the lecture 
was one of disappointment; as other speakers 
expressed their views his reaction became 
one of dismay as he realised how little the 
problem of approach and blind landing was 
understood. 

From his own 24 years of experience in the 
flying world, he stated with the greatest 
possible emphasis that what had been done 
and was being done to provide aids to blind 
approach and landing was totally inadequate; 
he found these views were shared by many 
well-known pilots. 

Fundamentally the problem was as 
follows: — 

(1) The system to be used must operate in 
zero visibility and cloud base at 
ground level. 

(2) The system must ba able to handle 
landings at the rate of at least 48 per 
hour. 

(3) The associated ground system must be 
able to clear the runways to the park
ing area at a rate at least equal to the 
landing rate. 

Certain other subsidiary points were: — 

(a) There must be an efficient approach 
system to the controlled area such as 
the Decca system. 

(b) Flight plan must be made so as to enter 
the controlled area boundary at a pre
scribed time. 

(c) Orbitting must be prohibited. 
(d) The same system for the whole flight 

must be used in all types of weather. 
(e) All systems must be fundamentally 

safe and must be trouble preventers 
and not systems to rescue the pilot 
when in trouble. 
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He suggested that the problems to be 
solved were: — 

(i) The approach to the controlled area 
and arrival at a predetermined point 
at a selected time (already solved by 
present day navigation aids and by 
accurate flight planning). 

(ii) The pilot to select the best power 
glide to suit the loaded weight and 
the weather conditions (solved by 
present day operational technique). 

(iii) The pilot to engage the automatic 
pilot to maintain the power glide 
(solved by present day instruments). 

(iv) The ground control to locate the 
aircraft on the glide path and tie in 
the automatic pilot with the glide 
path. (To be solved and would call 
for multiple glide path indicators.) 

(v) Accurate indication of height, direc
tion relative to a runway centre and 
distance from the runway end. (Not 
yet adequately solved.) 

(vi) Automatic holding-off passed through 
the automatic pilot with over-ride left 
to the pilot. (Not yet adequately 
solved.) 

(vii) Obstruction warning in time to open 
up and clear the obstruction. (Not 
yet adequately solved.) 

(viii) Automatic pick-up of ground control 
to the parking area. (Not yet solved 
but leader cable seems a probable, 
solution.) 

(ix) From many angles it seemed that the 
large aerodrome was going to present 
many difficulties. Would many of 
the problems relating to surface 
reflection be less over the sea? 

It might appear that what he had asked for 
was too much and represented an ideal, but 
he felt that nothing less was good enough 
and he would point out that from the begin
ning of man's attempt to fly each succeeding 
year had shown that their thoughts and 
schemes had always been too small. 

MR. PRITCHARD'S 
Dealing first with the points raised by a 

number of speakers; the importance of using 
any blind landing method in good, as well as 
bad, conditions had been stressed both by 
pilots and passengers, and the importance 
of testing any system thoroughly was admir
ably expressed by Air Commodore Frazer. 
This led to the conclusion that a system 
must be devised which pilots would use under 
both circumstances; to achieve this, it was 
probably essential for it to provide advan
tages over the approach and landing method 
now employed in good visibility. The 
German radio altimeter scheme was claimed 
to do so, and Wing Commander Vielle's 
remarks suggested that a properly conceived 
glide path—such as that proposed by Mr. 
Taylor—would also assist the pilot under 
visual conditions. If, in addition, the auto
matic pilot provided advantages compared 
with manual control, the widespread oper-
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REPLY TO THE DISCUSSION 
ational use which would result should lead 
naturally to the ultimate aim expressed by 
Mr. Bowen—that of providing safe, uninter
rupted schedules under all conditions. 

Another point which received considerable 
attention in the discussion was the choice 
between ground measuring systems and 
methods which enabled the aircraft to deter
mine its position in relation to its desired 
path. The former undoubtedly offered 
considerable attractions as an insurance—it 
enabled resources on the ground to be 
brought into action if anything went wrong 
with the aircraft equipment. However, it 
was doubtful whether it would give the 
ultimate answer; it restricted the landing rate, 
appeared unlikely to give the accuracy 
required for the final landing manoeuvre, 
and involved more difficulties as regards 
international standardisation than any other 
system. 
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Mr. Perring: While blind landing was part 
of the general problem of navigation and 
control of aircraft from one airfield to 
another, it presented the greatest technical 
difficulties, and one line of attack had been 
to seek a solution to the blind landing pro
blem and then try to fit it in with the 
navigation requirement in order to economise 
in airborne equipment. 

Regarding the international aspect; the use 
of a radio altimeter for vertical guidance,' 
instead of systems requiring ground instal
lations, might make international agreement 
easier for that part of the problem; as regards 
horizontal guidance, it appeared certain to 
involve ground installations, and inter
national standardisation seemed likely to 
involve considerable difficulties. 

Mr. Morgan: The information on the 
effects of size and wing loading on the heights 
at which the hold-off should be commenced 
was most interesting. Some preliminary 
recordings of the motion and attitude of air
craft during the landing manoeuvre sug
gested that the pilot normally started the 
hold-off at a greater height than Mr. Morgan's 
figures indicated. In the case of an aircraft 
of 30,000 lb. and 38 lb./sq. ft. wing loading 
the height was about 50 ft. when landing 
from a glide giving 1,100 ft./min. rate of 
descent, and about 23 ft. from a rate of 
descent of 500 ft./min.; Mr. Morgan's figures 
related to a rate of descent about half-way 
between those two values. 

The problem of removing drift immediately 
prior to touch-down in a cross-wind landing 
had received little attention. In guiding the 
aircraft down to the runway, a reasonably 
good measure of the drift angle was obtained 
and, given an accurate indication of height 
when close to the ground, it should be 
possible to apply rudder at the correct instant 
and head the aircraft into the runway 
direction. The problem thus provided a 
further reason for requiring an accurate 
measure of height when near the ground. 

Wing Commander Viette: The type of glide 

path wanted, in which the angle was correctly 
varied with the wind, was provided by the 
radio altimeter and " time to go " system 
suggested by Mr. Taylor. Given this, all 
approaches on a given type of aircraft would 
be made with substantially the same throttle 
setting, and large changes during the 
approach should not be necessary. If the 
airspeed was near to or below the value 
corresponding to maximum LjD, the air
speed should be controlled from the elevators 
and the rate of descent from the throttles, but 
this might not be important at the airspeeds 
used under blind conditions, and the argu
ment might also be affected if the flap setting 
was changed during the approach, because 
the immediate variation in rate of descent 
called for an unwanted change in throttle 
setting. However, since an automatic pilot 
operating the elevators was provided, and 
automatic throttle control meant considerable 
additional aircraft equipment, it seemed 
reasonable in any case to consider leaving the 
throttles under manual control—the aim was 
to assist, but not replace, the human pilot. 

Mr. Meredith: The vertical velocities 
which large aircraft could withstand were 
usually about the same as for smaller types; 
presumably they could be increased, but only 
at the expense of additional weight. The 
difficulty of landing varied so much between 
different types of aircraft that size was pro
bably not the major factor and it was difficult 
to agree that the large aircraft had a great 
advantagesver the smaller ones. 

As indicated in the reply to Wing Com
mander Vielle,-the conception of controlling 
airspeed by the elevators and the vertical 
path by the throttle was interesting. Regard
ing the final landing manoeuvre, the height 
of starting it with aircraft having high wing 
loading, and the desirability of having con
tinuous height information down to the 
ground, suggested that a radio altimeter 
would be preferable to the mechanical scheme 
used with the Queen Bee. 

Mr. Taylor: It was agreed that beams 
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employing centimetre wave lengths would 
not give more than an approach system, and 
for that some difficulties might arise, as indi
cated in the paper. The longer wave lengths 
suggested introduced difficulties with the 
large aerial arrays required to produce 
directional radiation patterns, and also it 
appeared almost impossible to predict 
whether a beam system which illuminated 
obstructions would be satisfactory on all 
sites. 

Regarding the suggestion of using a baro
metric altimeter during the approach, exist
ing types could not be relied upon near the 
ground. Errors of the order of 100 ft. 
occurred due to hysteresis effects, and even 
if special altimeters were developed these 
effects and others due to variation of position 
error were likely to give errors up to 50 ft. 
This suggested that even an improved baro
metric altimeter could not be used safely 
below about 200 ft., since at that height a 
50 ft. error involved a considerable change 
in flight path to give a satisfactory landing. 

Mr. E. T. Jones: The ground-controlled 
landing suggestion would involve the trans
mission of heading, attitude, airspeed and 
other information from the aircraft to the 
ground, in addition to the other difficulties 
of ground-controlled schemes, e.g., the 
height of the aircraft when near the ground 
could not be measured accurately enough. 
While the transmission of the information 
from the aircraft did not in principle present 
much difficulty, the airborne equipment 
involved would be prohibitive. 

Mr. W. J. Richards: Regarding the danger 
of prejudicing the provision of a good 
approach system by seeking a complete 
solution to the landing problem, it seemed 
worth while to search for a line of develop
ment which should lead to the latter. If the 
work were properly directed and sufficient 
effort made available, the introduction of the 
system for approach use should not be appre
ciably delayed. It should be appreciated 
that any system introduced would tend to 
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remain for a considerable time, and if a 
system fundamentally unsuited to landing 
was adopted the provision of a complete 
solution would be put off for many years. 

Mr. Bowen: The remarks on the need for 
thorough investigation of all the factors, 
which went to building up the complete blind 
landing problem indicated the considerable 
amount of work required before useful results 
could appear. Fortunately, much had now 
been done or was well on the way to com
pletion; in the process staff were becoming 
familiar with the problems, and already some 
new conceptions and ideas for applying the 
advances in technique of the past few years 
were being evolved. 

Mr. Rowe: The suggestion that the aircraft 
designer should keep in touch with blind 
landing development work and see if he 
could help was welcomed; some points were 
mentioned in the lecture, but assistance in 
more major respects seemed possible. For 
example, wide runways would become prac
ticable if short landing runs, such as seemed 
possible with reversible pitch propellers, were 
universally used; this would ease the blind 
landing problem considerably. 

The American television-radar scheme was 
clearly more applicable to U.S.A. internal 
airlines than to many of the services oper
ated from this country, its primary applica
tion being to control between airports. As 
regards blind approach, it was essentially 
the ground-controlled scheme with a television 
instead of an aural transmission. 

Regarding the' suggestion that a reflector 
might be used with a radio altimeter so as 
to avoid ground contour effects, unfortunately 
the earth was itself too good a reflector for 
such a scheme to be practicable. 

Capt. J. Dolezal: Attempts were being 
made to provide a realistic presentation 
broadly on the lines suggested, but it was 
hazardous to guess the extent to which the 
pilot's task would be relieved; even at night, 
the pilot collected visually information on 
heading and attitude which could not easily 
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be included in a presentation which must be 
instinctively interpretable. Also, the limit
ations of cockpit size would force the 
presentation to a miniature form and in many 
cases to an inconvenient position. 

It was agreed that a measurement of range 
from a ground station should assist the pilot 
while orbitting prior to the approach, and 
equipment for this was being developed. 

Mr. Clough: The SCS 51 curves in Fig. 
8 were obtained from an aircraft flying back
wards and forwards at right angles to the 
runway. Simultaneous photographs were 
taken at three second intervals of the ground 
vertically beneath the aircraft, in order to fix 
its position, and of a milliammeter measuring 
the SCS 51 output. Inside three miles from 
the transmitter, surveyed ground markers 
were used in fixing the aircraft's position; 
outside that range, the photographs were 
compared with a 6 in. /mile Ordnance Survey 
map. In all cases, errors due to camera tilt 
were corrected from photographed readings 
of a transmitting vertical gyroscope. Check 
flights flying across the beam in both 
directions were made at some ranges from 
the transmitter, and gave good agree
ment. 

In addition to the results given in Fig. 8, 
confirmation of the order of accuracy given 
by the beam system had been obtained 
during the automatic approach work. The 
aircraft's track shown in Fig. 17 was obtained 
using the photographic method outlined 
above to fix its position, and a photographic 

record of the SCS 51 output was also 
obtained; the results were therefore indepen
dent of aircraft and pilot response effects, 
and in this case the aircraft was coming down 
the glide path and facing the runway as in 
the practical use of the SCS 51 system. 
The results of about 100 approaches con
firmed that errors up to 30 yards occurred 
when the aircraft was close to the runway 
centre line and within a mile of the touch
down point. 

No large effects due to banking the aircraft 
had been noticed, but quantitative measure
ments had not been made. 

Mr. R. Ashton: The points raised relating 
to navigation to the vicinity of the airfield 
and to the orbit were not discussed in the 
lecture because they were outside its scope. 
The parking problem was much easier tech
nically than the other difficulties involved in 
blind landing, and work on it could well 
await further progress with the latter. The 
other problems listed were being worked on 
with the general aim given by Mr. Ashton— 
that of developing a system which would 
operate safely in zero visibility and give a 
high landing rate. 

The problem of landing blind on the sea 
should be much easier than the airfield pro
blem as regards reflection troubles and other 
difficulties arising from irregularities in the 
earth's surface, but the demand for a system 
for land-based aircraft was such that a 
solution applicable to them was the major 
requirement. 
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