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OPERATION AND MAINTENANCE OF
LORENZ EQUIPMENT

THE
greatest difficulty with which a pilot has to contend when

approaching an aerodrome to land is fog. Navigational skill and
D/F bearings can bring him over the top of the landing-ground, but

if there is fog blotting out the ground his most difficult task is still ahead
of him.
To facilitate landings under these conditions a comparatively new

system of directional wireless was evolved by two Germans, Lorenz and
Telefunken, and it has come to be known as the Lorenz system. It is
based on the phenomenon associated with ultra short waves of following
a straight line, so that two stations which are not within sight of each
other cannot communicate or interfere with one another.
Two special extra short-wave receivers are required in the aircraft as

well as a receiver arranged to work on the ordinary wavelength of the
ground station providing wireless communication. The ground equip
ment consists of three extra short-wave transmitters which are operated
automatically.

Ground Transmitters

The first of these ground transmitters is the main beacon and operates
on 9 metres. It controls both vertical and horizontal navigation in
approach and landing. The other two transmitters, which are known
as the Inner Marker Beacon and the Outer Marker Beacon are situated
on the boundary of the aerodrome on the line of approach and about 3
miles away on the line of approach respectively, and they operate on 7-9
metres . The main beacon is situated at the far end of the line of approach
which is decided by the topographical peculiarities of the neighbourhood.

Main Beacon Aerial

The aerial of the main beacon takes the form of two vertical rods,
each only a few feet in length, mounted vertically end to end and one
above the other, with a gap between them. On either side of this aerial
and at a distance of about 10 ft. are dummy aerials or reflectors. These
dummy aerials are also made with a gap in their middles, but they can
be made electrically continuous by means of mechanically operated
switches which short-circuit the gap in the middle. When the switches
'
ire open they have no effect, but when they are closed the dummy
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(W /
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aerials act as re
flectors or field de-
formers. Fig. 1
shows a typical
array of main
beacon transmitter
aerials, whilst Fig. 2
demonstrates the
effect of the rotary
switch on the
dummy aerials.

The Dummy Aerials
These dummy

aerials are perhaps
the most important
feature of the
Lorenz system. A
fact which is of vital
importance to the
successful operation
of the system is the
ease with which the
fields of strength set
up by the ultra
short-wave trans
mitting aerial can
be deformed to an
accurate and con
trolled extent by
means of earthed
reflectors, or even
by the earth itself.
The purpose of
the field deformers is to distort the field so as to produce in the receiving
set in the aircraft a series of signals which indicate to the pilot whether
his flight path is correct or otherwise. The normal field of stress sur
rounding an aerial system consists of a series of concentric hemispheres
which have the ground line as a common diameter.
In Fig. 3 the dotted circle is the plan view of the field spreading out

with equal strength from all around the aerial at A, while the full-line
oval is the deformed field produced by the influence of the field deformer F.
In Fig. 4 the two oval lines show the alternative positions taken up
by the deformed field by using the field deformers at F 1 and F 2 alter
natively. It will be seen that the two deformations have certain common

ROTARY
SWITCH

Fig. 2.—Main transmitter aerials
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Fig. 3.—FirLDS of stress

LANDING
PATH

J^igr. 4.—Fields of stress

points at the intersections of the ovals.
If an observer stations himsolf pnywhere
along the line joining the two points of
intersection of these loops he will receive
signals of equal strength from either loop.
Should he move to one side of th* line he
will then receive signals from oae loop with
greater strength than ho will receive them
from the other loop.
By so arranging the rotaiy time switch

operating the swit?hes at the mid-points of
the field deformers that one deiormer is
in operation for an appreciably longer
time than the other, it will be indicated
to the observer whether he is to the right
or to the left of the line. If he is on the
one side he will receive signals which are a
series of dots, whereas if he is on the other
a series of dashes will be received. If he
is on the line he will receive a continuous
and uniform note by the merging of the
dots and dashes.
In outline, that is the principle of the
Lorenz system. When the aircraft is on
the best line of approach a continuous note
is heard by the pilot in his earphones,
whereas if he should stray from his path
this will be indicated to him by the signals
changing either to dots or dashes,
according to which side of the path he has
wandered.
In order to ensure that the landing-
path is clearly defined the ovals are con
siderably flattened on their inner sides.
Fig. 5 illustrates how the dots and

dashes merge into the one continuous note,
the dots being on the left of the landing-
path and the dashes on the right.

The Marker Beacons

The outer and inner marker beacons
are the " jam " of the Lorenz system, and
although they are of great assistance to
a pilot in approaching the aerodrome, they
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Fig. 5.—Illustrating how the dots and dashes emerge into one continuous note

are not vitally important in the same way as is the main beacon.
These transmitters throw a vertical fan of signals upwards, and their

horizontal field is a very narrow one. They are beacons in the true
sense of the word, for their purpose is to indicate to the pilot his exact
position.
When the outer marker beacon is passed, a series of signals of a low
pitch at the rate of two per second is superimposed upon the signals of the
main beacon ; when the inner marker beacon is passed, signals of a high
pitch at the rate of six per second are heard.

The Visual Indicator

As an additional help a visual indicator is provided in the cockpit of
the aeroplane as illustrated in Fig. 6. When the aircraft is approaching
the aerodrome on the correct landing-path a continuous line of dots and
dashes is indicated ; if it strays to either side this continuous line is
replaced by either dots or dashes. The moving pointer kicks into the
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buzz is given off if anything goes wrong with any of the beacons. At
the same time a panel drops as an added indication. Often the fault is a
momentary one only : by pressing a button the Control Officer can satisfy
Limself on this score. If the buzzing stops and the panel rises, then
everything is in order : if it does not, it means that the beacon needs
attention.

Remedying Faults

The wiring in the Lorenz main beacon is extremely complicated and
only qualified engineers—of which there are only a few in this country —
are capable of carrying out adjustments. Should a fault occur it is
advisable to call in an engineer from the manufacturing company or its
agents.
The most common fault which is experienced is a beam of incorrect

width. If the beam is not set accurately a good landing-path will not be
provided and the pilot will land to the right or left of the desired line,
perhaps with disastrous results. By suitable keying, the width of this
beam can be adjusted. Similarly, the width of the vertical beam from
the marker beacons can be adjusted. The ideal width is only a few yards
when the aircraft is at a height of about 1,000 ft.
The operation of the Lorenz system is accompanied by the formation

of two approach paths to the aerodrome, one at an angle of 180 degrees
to the other. It is possible, therefore, for the pilot to cut the beam on
either side of the aerodromes, if he is not sure of his approximate position.
The result is that, if no provision was made to the contrary, he might
approach the aerodrome from the reciprocal direction from the correct
one and try landing down the beam instead of up it. He would, of
course, notice that something was wrong when he passed over the inner
marker beacon first instead of the outer marker beacon and when the
beam failed to narrow ; but any pilot who has flown in thick weather
appreciates how possible it is to ignore signs which in other conditions
would appear obvious.
To safeguard against a pilot corning in on the reciprocal course, a

device is now ir.corporated in the system to cut out one of ..he approach
paths so that the signals can only be picked up from the one side. "When
the main beacon transmitter is switched on it can be made to operate in
either direction. Should the Control Officer inadvertently switch on the
wrong way a warning red light is indicated on the remote control.

Interference from External Objects

One of the difficulties of installing a Lorenz system is to cut out all
interference from all external objects. Croydon and Heston were the
only civil airports to have this system installed in the days before the
War, and at each of these aerodromes considerable interference wat
experienced.
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At Croydon the spire on Wallington Church made a distinct kink in
the beam, so that a pilot who was approaching the aerodrome along the
outside edge of the beam would suddenly find himself straying away to
the left. At Heston a large new hangar badly affected the beam.
In cases of this kind it is obvious that the cause of the interference

cannot be removed, and the only alternative is to provide some form of
screening.



ULTRA-SHORT-WAVE BLIND-APPROACH
SYSTEM

"STANDARD" K.T.I BEACON SYSTEM AND
K.R.1 RECEIVER

Introduction

SAFETY
of life in the air demands that adequate blind-approach

facilities should be made available at every aerodrome where bad
visibility is encountered.
The blind-approach system, developed originally by the Lorenz

Company in Germany, has been widely used in Europe, and is now gener
ally accepted as a thoroughly dependable guide under conditions which
make landing by means of visual observation impossible.
The "Standard" K.T.1 Beacon system is based on the original

Lorenz system, but with the additional advantage that the power equip
ment is generously rated so that the beacon will operate satisfactorily in
tropical climates.
The system involves the use of a main beacon transmitter, which is

used to give an indication of the line of approach, and two marker beacon
transmitters, which indicate two points along the approach line, one at a
distance of about two miles from the aerodrome and the other at the
aerodrome boundary.
The main beacon gives some measure of vertical guidance, but the

present tendency is to make use of the known gliding characteristics of
the individual aeroplane. In this method, the final glide, after passing
the outer marker beacon, is regulated by reference to the air-speed
indicator, rate of descent, and sensitive altimeter readings.

Outline of the System

In order to make an approach using the K.T.1 transmitters, the
aeroplane must be provided with a suitable receiver, such as the K.R.1,
which will be described later in this article.
This receiver provides audible and visual indication of the signals

received from the ground equipment.
In order to use the system, the aeroplane should fly on a course which

will cut the approach line at a point some miles beyond the outer marker
beacon. At a distance of about thirty miles from the aerodrome, the
main beacon transmitter will be heard. If the aeroplane is to the left of

114
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characterised by a rapid succession of dots of 1,700-cycle tone, which give
a suggestion of urgency. A second neon lamp—marked " I " for inner
beacon—on the course indicator, will flash, and landing will follow almost
immediately.

How the Aeroplane is Guided

The guidance is given to the aeroplane in the following manner. The
main beacon transmitter sends a continuous carrier with a modulation
frequency of 1,150 cycles per second, from a vertical half-wave dipole
aerial. On either side of this aerial are two parasitic reflectors, which are
arranged in the plane perpendicular to the line of approach. The
reflectors are broken at their mid-points by keying relays operated
automatically by current pulses derived from the transmitter, one of these
relays being normally operand the other closed. The radiation pattern
from the aerial is distorted by whichever reflector happens to be closed,
and the aerial system is so arranged that an elliptical radiation pattern is
produced alternately on either side of the approach line.

The Main Beacon

It can be considered that the main beacon operates on the principle of
transmitting Morse signals directed over an area, first to one side of the
desired course and then to the other. The signals are so timed that the
silent intervals between the dots on one side of the course are exactly
filled by the transmission of the dashes on the other side.
The two patterns, or radiation fields, intersect on the line of approach

where the " interlocking " of the signals causes a continuous note to be
heard, the signal strength along this line being independent of the position
of the reflector relays. This condition of continuous signal obtains in the
narrow angular space known as the

"
equi-signal zone," and remains

true for an angle of about 2° on either side of the approach line, after
which there is a rapid divergence between the two patterns and conse
quently the individual signal fringes are sharply defined.

The Marker Beacons

The two marker beacon transmitters are arranged to radiate a
horizontally polarised signal, and by means of a special reflector arrange
ment the radiation is confined almost entirely to a vertical direction and
forms a curtain of signal through which the aeroplane flies. The trans
mitter power and receiver sensitivity are adjusted so that the marker
signal is heard only for about 6 seconds, giving just sufficient time to
attract the attention of the pilot to the fact that he is passing the particu
lar marker beacon.
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THE " STANDARD " BLIND-APPROACH SYSTEM RECEIVER,
TYPE K.R.I

The Equipment
The complete equipment consists of the following items (see Fig. 1) :

(1) Main beacon receiver ; (2) marker beacon receiver ; (3) power-supply
unit; (4) control unit ; (5) junction box ; (6) visual indicator ; (7) remote
control cable mechanism.

CIRCUIT DESCRIPTION
Main Beacon Receiver
The receiver uses six valves of the indirectly heated universal type in a

superheterodyne circuit, comprising a radio -frequency amplifier, a fre
quency changer, two intermediate frequency amplifiers, an anode-bend
second detector, and an output valve for the course meter.
This receiver handles the signals from the main beacon transmitter,
which are received on a short vertical-rod aerial connected to the
receiver through coaxial cable, and terminating in a plug and socket at the
receiver end.
All the H.F. circuits are tuned by preset variable ceramic condensers,

the appropriate condensers being selected by a ganged switch which has
six positions. It is actuated by a Bowden cable device from the control
unit, and by this means any one of six preset channels may be chosen.
The signal obtained when the aeroplane is "on course " is a steady

carrier modulated 90 per cent, at 1,150 c.p.s., which is rectified by the
second detector, producing a steady tone in its anode circuit.
A metal rectifier provides a steady automatic bias controlling the radio -

frequency amplifier valve and the two intermediate frequency amplifiers,
and a steady rectified voltage with a 1,150 c.p.s. ripple. Neither this
D.C. voltage nor the ripple voltage is passed to the grid of the valve acting
as the amplifier valve for the course meter, and this therefore is unaffected
by the " on course " signal.
When, however, the aeroplane is to the left or right of the true course,

the signal arriving is chopped up into short intervals of alternate strong
and weak carrier, producing pulses in the form of dots or dashes. The
course-meter pointer kicks with the first pulse received, and the effect
of the return pulse is partially suppressed by the non-linear-friction
characteristic and non-linear field of the meter. Thus the pointer of the
meter shows kicks to the left or to the right according to the position of the
aeroplane relative to the beam.
The amount of signal passed to the course meter is controlled by a

preset potentiometer in the receiver, all other controls for this receiver
being located in the control unit.

Marker Beacons Receiver
This receiver employs a two-valve reactive detector/L.F. amplifier

type of circuit, and handles the signals from the two marker beacon
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transmitters, these both working on a frequency of 38 megacycles. The
outer marker beacon signal is modulated at 700 c.p.s., broken up into lOw-
speed dashes, and that of the inner marker beacon is modulated at 1,700
c.p.s., broken up into high-speed dots. Both signals are received on the
horizontal dipole aerial fitted to the aeroplane, and are fed to the receiver
by way of a small junction box and a double-screened coaxial cable.
The first valve is a triode acting as a reactive detector, with one preset

tuned circuit connected between grid and anode. A balanced winding
on the inductance connects this circuit to the coaxial feeder cable, and
reaction is controlled by a H.T. potentiometer in the anode circuit.
This valve is auto -transformer coupled to the grid of the second or

output valve, which is a double-screen valve. A second transformer,
which is connected in the anode circuit, feeds the headphones and two
note filters, tuned to 700 and 1,700 c.p.s. respectively, which operate the
two neon lamps in the course meter, or visual indicator.
The receiver is provided with two sockets—one for the double coaxial

dipole cable entry, and the other for the interconnecting cable plug.

Power-supply Unit
This consists of a rotary transformer, its associated smoothing equip

ment, and a relay.
The generator itself is of the permanent -magnet type, having three

separate windings and three commutators. Starting from the inside of
the armature, the first winding is the L.T. output —nominally 13 volts—
which is the supply for filament heating ; next is the motoring winding,
arranged to work from a supply of the nominal value of 1 1 volts ; and
lastly, the H.T. supply of 200 volts. The machine speed is 5,000 r.p.m.

Control Unit
The controls embodied in this unit are as follows : (a) frequency selec
tor switch, which operates a Bowden cable and selects the required H.F.
circuits in the main receiver.
(6) Service switch, which changes the circuits of the main receiver for

automatic gain control in the
"
course
"
position, or for normal control in

the " glide " position.
This switch consists of three components, two of which transfer

the bias line from a low initial value on the bias dropping resistance to a
variable value on the potential divider, short-circuiting the automatic
gain control at the same time. The third component adjusts the D.C.
circuit of the glide path meter of the visual indicator to register correctly
on the scale at the two positions of the service switch.

(c) Volume control, which is a potentiometer and regulates the level
applied to the headphones.
(d) Manual gain control, which is a potentiometer used for adjusting

the sensitivity of the receiver in the glide path position.
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(«)
" On-Off " switch, which controls the energising current for the

relay in the power-supply unit.
Also included in the control unit are the headphone jacks, and an

extension cord for headphones.

Junction Box
This consists merely of a long rectangular box carrying sockets for all

the Breeze interconnecting cables.

Visual Indicator

This is an assembly of two microammeters, one mounted vertically
and one horizontally, and two neon lamps, the whole being built into a
dashboard mounting case.
The vertical meter gives indication of the signal strength on

" Course "

and
" Glide " ; the horizontal meter gives " kicks " to right or left to

indicate the position of the aeroplane to right or left of the main trans
mitter beam of " equi-signal zone."
The neon lamps light when signals are received from the marker

beacons, that on the left indicating the outer marker beacon, that on the
right the inner marker beacon.

Main Beacon Receiver Aerial (Retractable)
This is a short vertical aerial for reception of the main beacon signals,

and is connected to the receiver by flexible coaxial cable. When this
cable is necessarily very long, say over 20 ft., a small choke is included in
series with the aerial to assist in matching the line impedance.

Marker Beacon Receiver Dipole Aerial (Fixed)
This dipole is mounted horizontally on the aeroplane for reception of

the horizontal polarised signals from the marker beacon transmitters.
It is connected to the receiver by a double coaxial cable.
At the junction of the cable a small centre -earthed choke is fitted

to assist matching the line impedance.

INSTALLATION AND OPERATING INSTRUCTIONS
The equipment is supplied as a complete installation suitable for a
particular aeroplane, as there are minor modifications in the overall
arrangement to suit particular features in aeroplanes for which the
equipment is intended.
The cabling will be found cut to the required lengths and terminated
in numbered sockets, which correspond with the numbering on the
junction box and on the fixed sockets of the units. An additional check
is provided by the overall installation drawing provided with each
equipment.
Suitable storage will have been provided by the aeroplane constructor
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for the various units, also clips for the cabling between units, and the
installation will have been planned with a view to avoiding the necessity
for cutting and rejointing cables. Remaking the end of a cable con
taining a Breeze plug is a difficult and tedious operation, and should not
be attempted on site, except in the event of absolute necessity.

Main Beacon Receiver
The main beacon receiver is usually housed in a tubular crate. A

system of shock absorbers will be found located either in the crate or on
the aeroplane itself. If the shock absorbers are mounted on the aero
plane, they connect with the small bosses on the outer case of the
receiver, and it will be necessary to take out the blank screws in these
bosses in order to fit the holding-down screws passing through the shock
absorbers. The blank screws will no longer be required and may be
thrown away.
In some instances the crate itself is sprung, and individual suspension
of the units is not required.
Before actually mounting the receiver, remove the chassis from

the outer case and check up that the valves are in place. If not, they
should be inserted and the grid caps connected before installation is
attempted.
It may occasionally happen that the receiver will fit in the suspension

provided in alternative positions. The position selected should be that
which allows the cover plate over the trimming condensers to be most
easily removed .
Before installing the receiver, or any other unit, it is recommended
that the whole of the cabling shall be cleated into place, when it forms a
ready check on the correct orientation of the various units. If the latter
are correctly fitted, the cabling will reach easily to the fixed sockets with
out straining or need for excess lengths.

Marker Beacon Receiver

The marker beacon receiver is usually mounted on the same crate as
the main beacon receiver, but, in large aeroplanes particularly, it is often
planned to fit aft of this position, with the object of reducing the length
of high-frequency cable. In any case, suitable stowage and suspension
are provided, and the same remarks apply regarding the fitting of this
unit as for the main receiver, access in this instance being required to the
four blank screws in the lid.

Power-supply Unit

Stowage is provided for the power-supply unit either on the crate or
on an adjacent portion of the aeroplane, and consists of a platform on
which may be mounted the quick-release wing bolts. There is no spring
suspension. It should be possible to remove the top cover of the power
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unit without removing the whole unit from its platform, and the subse
quent stowage of any material which would prevent this should be
avoided. Regard should be paid to the fact that the shaft of the rotary
converter should be horizontal when the aeroplane is in level flight, as the
bearings of this machine do not allow of thrusts being taken up.
Before leaving the installation of this unit, it should be checked that

the relay armature is working freely, and that the neon stabilising tube is
in place in its holder.

Control Unit

Stowage is provided for this unit within reach of the pilot's seat,
usually on the port'side of the cockpit. The top plate should be detached
from the unit by loosening the four fixing screws in the front. The plate
may then be fixed to the stowage provided, and the body of the control
unit may then be refitted. The telephone cord which projects through the
lower part of the control unit is usually connected to an Air Ministry
telephone socket, which is provided with the equipment as a loose item,
but sometimes the cord is terminated in a two-way terminal box fitted
on the aeroplane.
Before leaving this unit, check that all control nuts are securely fixed

to their spindles.

Junction Box
Where a crate is provided, the junction box is usually mounted either

on the crate itself or on extension brackets, but occasionally the stowage is
provided on the aeroplane and suitably marked.
The top plate containing the sockets must first of all be removed, and

the empty box then fixed securely in place by the four countersunk holes
provided in the bottom.
It is essential that an efficient earthing connection should exist

between this unit and the metal portions of the aeroplane, or, in the case
of a wooden aeroplane, between the box and the earthing system. In the
event of the unit being mounted on a crate, the paint on the brackets and
on the contiguous surface of the junction box should be scraped clean to
ensure proper electrical continuity.
After fixing the box to the aeroplane, the cover plate and sockets

should be replaced ; do not attempt to replace the plate with the cabling
connected up. See also that the interconnecting cables do not get
trapped between the plate and the box.

Visual Indicator

This is a delicate instrument, and great care should be taken in hand
ling. It is normally mounted on the dashboard of the aeroplane, where a
space will have been left for it.
The leads to the instrument normally terminate in a right-angle plug
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connection, but a few installations are fitted with a straight -through
connector. In either case, the Breeze cable must be threaded round the
back of the dashboard to the point where it connects with the instrument.
The two independent terminals on the back of the instrument are for

connection to the dashboard lighting system, if required ; they'operate
a 12-volt lamp within the instrument. There is no connection between
these terminals and the operating system of the instrument.

Remote Control

The remote control system between the control unit and the main
beacon receiver is used for frequency selection, and connects between the
knob in the bottom left-hand corner of the control unit and the frequency
change switch in the main beacon receiver.
It is supplied as a complete unit consisting of driving and driven

heads connected by twin Bowden cables. The method of installation is
as follows : firstly, the insulating knob is removed from the spindle of the
driving head, and the latter is inserted on the fixed studs inside the control
box with the spindle projecting through the operating hole. The Bowden
cables will appear through the slots in the bottom of the box. After
screwing in place, replace the knob on the spindle, taking care that the
locating screw is engaging with the depression on the shaft.
Run the Bowden cables away from the box to the main beacon

receiver, taking care that no sharp bends are introduced.
Stowage is provided for long cable runs, but where the run is short the

position is best selected by the installer. It cannot be emphasised too
strongly that the system will not work properly if sharp bends are intro
duced into the cabling.
Next, remove the sheet-metal cover from the lead-in box at the end
of the main beacon receiver, when it will be found that the driven end of
the remote control system locates itself on two studs inside the box. A
two -pin coupling plate on the receiver engages with the corresponding
driving plate on the remote control mechanism, and these two plates are
so indexed that they cannot be assembled incorrectly.
Before fixing the remote control finally in place on the receiver, check

that the coupling plate on the switch is free and easy to turn. It should
be possible to feel with the fingers the operation switch passing the various
contacts. If this cannot be done, open up the receiver and investigate
the cause before proceeding with the fitting of the remote control.
When it is found that the mechanism works freely when operated from

the control box, again withdraw the remote control head from its place in
the receiver. Take out the two screws holding the planet wheel of the
gear, and take away the locking plate which prevents the turning of this
wheel. The whole system is now under spring tension, and will remain
free from backlash during its working life.
It may be found impossible to pass the complete remote control head
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through a bulkhead or smaller fitting, in which event it is necessary partly
to dismantle the remote control system so that the cables may be passed
through a small space. Proceed as follows ': slacken off the nipples on the
driving end, i.e. the portion with the control knob fitted, until the cables
may be removed from the grooves in the pulley. The cables may then be
completely withdrawn from the unit, installed on the machine, and
replaced on the pulleys, after which the nipples should again be tightened
until all the slack is taken out of the cables.
This operation must be performed before the locking plate is removed

from the driven head, otherwise it is quite impossible to get any slack in
the cables.
When removing units, both ends of the remote control system should

be left in place in the aeroplane, unless it is possible to take the complete
remote control out without breaking the cables.

Main Aerial

Stowage for the main aerial is provided in the form of a bracket or
fitting containing four fixing holes ; the aerial itself is mounted on two
aluminium angle-brackets, the drilling centres of which should fit the
fixture provided by the constructor.
At the top is fitted a small closing cap, which may be removed by
taking out the countersunk screw at the top. The aerial should then be
inserted through the gland provided in the skin of the aeroplane and the
cap refitted. When fully extended, the aerial should project a total
distance of 2 ft. 8 in. above the skin of the aeroplane. A clip is provided
in the aeroplane for holding the handle when the aerial is in the retracted
position.
The aerial assembly contains a suitable socket for terminating the

coaxial cable from the main beacon receiver, and it will be noticed that it
is possible to fit this socket facing inboard or outboard ; the aerial
assembly is normally supplied with this socket facing in the direction
considered most suitable when the installation was originally planned.

Dipole Aerial
Both types consist of two J-in. copper tubes approximately 3 ft. 3 in.

long in the same straight line, turned up at right angles at their inner
ends, and led into a moulded insulating box which contains a simple type
of terminating network for matching the aerial to the line impedance.
Behind the aerial rods, and at a distance between 2| in. and 6 in., is a
metallic screen, at least 8J in. wide, thoroughly bonded to the aeroplane ;
this is provided by the constructor. The screen is, of course, unnecessary
in the case of an aeroplane having a metal skin.
It is essential to check on installation that no metal parts of the

aeroplane project into this screened area, otherwise the performance of the
aerial will be seriously affected.
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The installation procedure for either type of aerial should be to instal
the aerial and its supports ; with the en closed -type dipole, the outer
supports may be moved along the insulating tubes until a suitable
anchorage on the fuselage is obtained. This will be located and marked
on the aeroplane by the constructor. Not more than one-third of the
total length of each tube should be allowed to overhang. The clamping
up of all three anchorages securely fixes the aerial, after which the
insulating box may be fitted, the two metal prongs on the lower side of the
box engaging with the turned-up portions of the metal tubes— -a certain
amount of longitudinal movement of the aerial is allowed. The centre
screw—clamped with an additional nut—is used to clamp the lower half
of the box down to its seating on the aeroplane, when the upper part of the
box may be fitted.
On the socket fitted to the insulated box for the cable outlet will be

found a soldering connector, which should be connected to the nearest
suitable earth point on the aeroplane by means of a short length of 16-
gauge tinned copper wire. This bonding operation is very important.
Care should be taken that the two aerial tubes, or their extensions below
the box, do not foul any portion of the aeroplane. If holes have been
drilled in the floorwalk or lining of the aeroplane, they should be of at
least | in. diameter and must not touch the

" live " portions of the aerial.
With the open -type aerial, the procedure is usually to screw the aerial

supports below the false floor of the aeroplane, with the turned-up portions
projecting to port or starboard, and to have the insulating box mounted
on its side with the socket facing upwards. In this way the floor of the
aeroplane is left clear for its original purpose, and there is no danger of
the box being walked on.
When installing the open-type dipole, care is required to see that the

reflector screen is thoroughly bonded in at least three positions, and if
made in more than one piece, the joints should be electrically continuous.
In this connection it should be pointed out that practically all finishes
applied to aluminium alloys form an insulating skin which is very detri
mental to the joints unless removed beforehand. Also, dopes containing
aluminium should not be sprayed on the fabric immediately below the
aerial—an area at least 7 ft. long and 1 ft. wide should be painted with
clear or pigmented dope. This, of covirse, applies to aeroplanes with
aerials inside the skin.

OPERATING INSTRUCTIONS

After the equipment has been installed, check that the battery
connections are correctly made, that the valves and fuses are correctly
inserted, that the aerials are connected, and that the Breeze inter
connections are properly made and screwed home.
Check the supply voltage at the point of connection with the equip
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ment, and note that it should be 12 volts and capable of maintaining this
with a load of 7 amps.
Turn the preset course-meter control of the main beacon receiver fully

anticlockwise and replace the receiver chassis in its case.
Turn the reaction control of the marker beacon receiver fully clockwise,

and the two neon controls fully clockwise.
On the control unit, set the frequency selector switch to Band 1, the

service switch to " Course," and turn the volume control fully clockwise
for maximum volume.
To align the main receiver, connect into the circuit a test oscillator,

switch on, and tune it to the frequency desired on Band 1. Set the
modulation to 1,150 c.p.s. and bring the oscillator close to the main
-aerial of the equipment. Connect an A.C. voltmeter across the head
phone sockets in the control unit, and plug a pair of headphones into the
cord socket.
Note that there is a slight residual hum in the equipment when it is

switched on and that the rotary converter in the power-supply unit is
rotating.
Remove the tuning panel cover of the main receiver, and turn the four

condensers marked CTl, CT7, CT13, and CT19 to the approximate posi
tions required, which can be found by considering the distance between the
two marks on the sheet-metal cover over each trimmer as the frequency
range covered, i.e. 30-5-40-5 megacycles, and mentally dividing it to get
the spot frequency required.
When the row of trimmers has been set, CTl 9 should be carefully

adjusted with the insulated trimming tool provided until the signal heard
in the headphones is at maximum. A slight amount of detuning caused
by the trimming tool must be compensated for by a slight additional
movement in an anticlockwise direction.
The remaining trimmers CTl, CT7, and CTl 3 can now be varied

slightly, the final tuning being accomplished with a very weak signal from
the oscillator, and by observation of the output voltmeter.
The other five spot frequencies may be set up on the other switch posi

tions in a similar manner, finally replacing the cover over the trimmers
and screwing firmly into position.
The alignment of the marker beacon receiver is similar to that of the

main receiver. Set the test oscillator to 38 megacycles, with 1,700 c.p.s.
modulation, and bring it close to the dipole aerial. Remove the tuning
port screws in the cover, and turn the reaction control to about half its
full travel in an anticlockwise direction, where the point of oscillation
should be found, and adjust the trimmer to maximum signal. Readjust
both these controls to give smooth easy tuning and a clear note.
Now switch off the oscillator, and adjust the two neon lamp controls

to light the lamps in the visual indicator. Turn them back in a clockwise
direction about 20° until the lamps are extinguished. Switch on the
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oscillator again, set to 38 megacycles at 1,700 c.p.s. modulation and bring
it close to the dipole. The right-hand lamp should now light, and 1,700
c.p.s. tone should be heard in the headphones. If the modulation of the
test oscillator is changed to 700 c.p.s., the left-hand lamp should light and
the 700-c.p.s. tone should be heard in the headphones. Replace the
blank screws in the cover.
The dipole aerial must be balanced so that reception on either half of

the dipole is of the same intensity. This can be checked by earthing
alternate sides of the aerial at the aerial junction box and noting the
defleetion produced by the test oscillator in the output meter. The small
choke in the junction box can be slightly adjusted by springing the turns
apart or together to produce this balance.

Flight Testing
The equipment is now ready for a flight test, and the following points

should be observed during this procedure :
Firstly, at a distance of 20 miles from the aerodrome at which it is

required to land, and at a height of about 2,000 ft. :
(1) Switch on the equipment.
(2) Set the volume control to maximum.

(3) Set the service switch to
" Course."

(4) Set the frequency selector switch to the band required.
The main beacon signals should now be heard as :

(i
) dots ; (ii) a steady note ; (iii) dashes : all at 1,150 c.p.s., according

to the position of the aeroplane relative to the beam. The controls may
now be left set as above until the immediate neighbourhood of the aero
drome is reached.
The pilot should now fly the aeroplane into the beam. He will know

the published bearing of the beam from the identity of the aerodrome, and
a few minutes' flying will tell him if he is flying towards or away from the
beacon by the increase or decrease of signal strength. If he is flying
towards the beacon from the correct direction, and he is receiving, for
example, dots in the headphones, then the aeroplane is to the left of the
beam, and he must steer to the right to bring it "on course." As he
approaches the centre of the beam he will notice that the dots become less
pronounced, with, as an increasing background, a steady note which
finally predominates.
If he receives dashes, then he is too far to the right, and he must steer

to the left to regain the centre of the beam.
If the pilot approaches the beacon from the wrong side, these instruc

tions must be reversed.
Having found the centre of the beam, the pilot should fly along it

towards the aerodrome at a height of 1,000 ft., and he will, of course,
centralise the aeroplane continually in the beam.
As the aeroplane nears the aerodrome, the signal strength will begin to
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rise sharply, giving a rising indication on the glide path meter and a
louder signal in the telephones.
As the outer marker beacon is passed, low-pitched dashes will be

heard, and the left-hand neon indicator lamp will light in long flashes
corresponding to the dashes heard.
The pilot now knows his distance from the aerodrome boundary, and
will normally commence his approach glide at this point, controlling
height by means of the sensitive altimeter, previously corrected for
aerodrome-level barometric pressure, and still holding the beam course by
headphone or course-meter indications. Adjustments of the volume
control may now be required, in order to reduce the signal strength in the
headphones.
As the inner marker beacon is passed, a series of high-pitched dots
will be heard in the headphones, accompanied by corresponding flashes
from the right-hand neon indicator. This beacon is situated at the edge
of the aerodrome, and the aeroplane should immediately be put into
position for landing, use being made of the sensitive altimeter for height
indication and the equi-signal, or steady note, beam for directive indica
tion.

MAINTENANCE AND LOCATION OF FAULTS
Maintenance

The equipment should be kept clean, and any dirt which may have
accumulated should be wiped off with a clean, soft dry cloth or blown out
with dry compressed air. Periodically, all securing nuts and bolts and
all external electrical connections should be checked over.
All electrical contacts should be kept clean, and care should be taken

to see that they make contact properly. Carbon tetrachloride is an
excellent medium for cleaning of this sort, for it is non-inflammable, and
does not damage the finish of the equipment.

Location of Faults
The following list is intended as a guide of a general nature, but it will

bo appreciated that other points will arise in practice, according to the
nature of the conditions under which the equipment is operating.
If, after having connected up the main receiver and tested it in accord

ance with the instructions previously given under " Installation," it is
found that there is no output to the headphones on any of the six
frequency positions, the following are probable causes :
(1) The battery may be disconnected.
(2) A fuse may be blown. The fuse is mounted in the power-supply

unit, and may be inspected by removing the top cover. It is advisable to
investigate possible causes of overload which brought this about, such as
short circuits, before replacement. A spare fuse is supplied in a linen
envelope attached to one of the filter chokes in the supply unit.
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(3) One or more Breeze interconnecting cables or aerial cables may
not be properly screwed home, and, if this is so, it should be tightened.
(4) One or more valves may be faulty and should be changed.
If there is no output or reduced output to the headphones on one

frequency position, it may be found that the tuning has been altered, when
it will have to be retuned ; or the frequency selector switch may have
faulty or dirty contacts, which should be corrected.
If the output to the headphones is reduced on all six frequencies,

there may be a break in the aerial circuit ; or a faulty contact in the
frequency selector switch. These faults should be cleared in the way
indicated.
If the operation is noisy, and there are crackles, etc., there may be a

loose or dry joint in the wiring, or the valve pins may be making poor
contact. Loose or dry joints may be located by sharpening a piece of
wood to about the dimensions of a pencil, and tapping each wire gently
until a tap reproduces the noise.
Note.—On no account should the trimmers on top of the I.E. coils

be disturbed. They can only be reset with the aid of a signal generator.
With regard to the marker beacon receiver, the list of possible faults

for the main receiver applies equally well, and similar action should be
taken to clear any faults found.
If the course meter suffers from faulty operation, in that the sensitivity

is low, the sensitivity control on the main receiver chassis may be at
minimum. Or, if the meter has permanent bias to one side or the other,
it denotes that an extraneous earth has developed in the course -meter
circuit.
Faulty operation of the neon indicator lamps may be due to incorrect

adjustment of the marker receiver circuits or of the bias potentiometers.
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