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Railway Colour Light Signalling in Relation
to Manual Block and Multiple Aspect Signals.
By A. F. BOUND (P’ast President).
(Diagrars—Inset Sheets Nos. 1-6].

One of the most pressing needs in the modern signalling
world appears to be some greater co-ordination in the development
of colour light signals and the various aspects lormed by them,
s0 that the indications may be the same whencver and wherever
they arc met.

A striking feature of American ratlways noted during a recent
visit, was the cxtraordinary development in the use of such
signals, Practically the whole of these are installed on the
multiple-aspect principle, and not, as some railways are using
them in this country, in substitution of the aspects conveyed
by ordinary controlled manual semaphores, which are at variance
with multiple aspects and will undoubtedly lead to confusion
if the practice is allowed to extend.

In the United States, the arrangement of aspects is by no
means uniform and, attached as an appendix A, will be found
diagrams representative of the best American signalling develop-
ment,
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The chicf features which emerge are :
(a) the use of marker lights,
(b) the arrangement of aspects so as to convey “ speed ”
signalling.
(¢) the almost universal use of approach 7 lighting in
automatic territory,

The study given to colour light signals and signalling over
the past decade hag resulted in the production of highly efficlent
units, both from the point of view of luminous intensity from
a small wattage and also from that of distinctive hues.

A recent developrocnt which is sweeping through Amcrica
is the re-designed  scarchlight  or S.A. signal.  This embodies
the usc of a vane or miniature spectacle carrying the three colours,
red, green, and yellow, inside the body of the signal, operating
on the principle of a polarised relay, the hue being given by the
interposition of the required colour screen near the focal point
of the lens combination ; this arrangement absolutely prevents
any possibility of a jalse pbantom indication by extraneous
light, and permits the use of a reflector system whereby a heam
c.pr. up to 50,000 can be obtained.

There is no doubt that the colour light signal is the signal
of the futurc and will gradually superscde the semaphore.
Experience has alrcady demonstrated that given proper siting
with the lamp(s) about level with the driver's eye, fogging
difficulties will largely be overcome, and, further, the adwvent
of the searchlight signal capable of giving a high ¢.p. beam with
a current consumption as low as 3 watts, used in combination
with ““approach 7 lighting, makes possible their individual
use by battery operation where power supplies would at present
be available only at prohibitive cost.

Tt therefore becomes more than cver necessary to review the
whole situaiion and study the application of colour light signals
and conseguent aspects, in relation to the varicus types of
signalling in use to-day, and the purpese of this paper is to do
this and to suggest the lines aleng which colour light signalling
should be developed in this country.

In doing this one important proviso must be borne in mind,
namely, quoting Mr. Rudd of the Pennsylvania Railroad :—
“That a given signal aspect must transmit the same information
at all times, at all places and under all conditions, so that a
driver will know instantly what it means and whether or not
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it is properly displayed.” With the Introduction of a new form
of signalling, uniformity of aspects should be made fundamental
and any deviation therefrom should carefully be avoided.

In order to see how matters stand and where they are leading,
a brief historical survey is desirable.

Ten years ago, apart from the " tube 7 railways, the only
colour light signalling in use was that on the Liverpool Overhead
Railway.

The only examples of multiple aspeet signalling were three-
position upper quadrant semaphore installations on the ;—

G.W.R.,—Ealing and Shepherds Bush Railway.
G.C.R.,—Keadby Bridge—8 signals.
G.N.R.,—King’s Cross—3 signals.

S.E. & C.R.,—Victoeria Station, London.

In none of these was there any special leature beyond the
three-aspect principle wherchy each signal was a repeater of the
onc next ahead and, as the onc installation only was in use
on each company's railway, therc was no risk of confusion with
the ordinary signalling.

The frst three-aspect colour hght installation was put in
on the Great Contral Railway in 1923 between Marylebone and
Neagden iust prior to the opening of the British Empire Exhibition.
Since that date progress has been fairly rapid, especially on the
Southern and Metropolitan Railways (the [ormer using this type
throughout its suburban clectrification), four aspects being
introcuced for the first time in this country, based on  the
recommendation of the Committee set up by the Institution of
Railway Signal Engineers in 1922, whose report was issued
in 1924,

Another recent installation of four-aspeet colour light
signalling was that installed by the Londen Midland and Scottish
Railway at Manchester in 1928,

Numerous other examples are in course of instaliation or have
recently been completed on the four grouped companies as well
as on the Metropolitan Railway ; colour light signalling may
therefore be regarded as accepted practice in this country and
well beyond the experimental stage.

Ceincident with the above innovations, a number of railways
started using colour light signals in substitution for semaphares,
in isglated cases where bad sighting facilities and difficulties in
fixing made such signals preferable to the usual oil-lighted
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semaphore, and in doing this the light aspects of the displaced
semaphores were usually perpetuated.

Reference has been made Lo the report of the Committee on
Three-position Signalling set up by the Institution of Railway
Signal Engineers, of which Committee T ha<l the honour to be
Chairman, It would be seen by the brief historical reference
already made, that in the period 1922/24, dwring which the
report was under consideration, there was very little actual
experience to guide the members of the Committee. Whilst
the report fulfilled a very useful purpose at the time, formulating
a definite pronouncement on a subject about which very hazy
noticns were then generally prevalent, the time has now arrived
to review the whole subjeet, and recast ideas in view of the
experience gained and the progress made in the design and
application of cclour light signals, both in this country and in
America.

What is the problem ? It is the application of colour light
signals to

{a} Manual black signalling using
{1} electric lamps in lieu of oil lamps,
{ii) colour light wnits, electrically controlled,
(B) Two-aspect signalling (antomatic).
(¢) Three-aspect signalling {automatic or controlled).
{d) Four-aspect signalling (automatic or controlled).
(¢) Any further extension that may be found necessary.

For the purpose of this paper the term manual biock signalling
is intended to refer to signals of the semaphore type, lighted by
oil or gas, and manually worked by mechanical means in a
systemn of operation whereby the space interval is made effective
by block telegraph instruments cperating between adjacent

signal cabins.

In dealing with this subject it is proposed to take ag a basis
the report of the Committee already referred to; and to set
out the pros and cons of the various recommendations.

The terms of reference to {hat Committec are attached to
this paper as Appendix B.

The report cstablished o distinetion between the terms
“aspect ” and ' position,” and this should be standard nomen-
clature for the [uture, any system involving more than the two
aspects R and G being referred to as “ multiple aspect signalling.”
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The message conveyed by a given aspect was also designated
as the “indication,” i.e., any signai displaying the “ caution '
indication, and this word also should be standardised for the
future in this connection,

The Committee laid down that the indications to be given
by u three-aspect system should be :

Red light—Stop.
Yellow light-- Cantion—be prepared to stop at next signal.
Green light—Proceed, all right.

HExperience has shown that these colours and interpretations
can be accepted as the valucs on which a colour light system
should be based to meet general conditions, now that the yellow
light is the standard “on " colour for distant signals, subject
to certain comments in the case of green as referred to later,

The {cllowing very important relerence was made :

“ The point arises whether three-aspect signalling is to be rogarded
a8 a syslem lor the saving of certain arms and lights and developed
as such, or should it De regarded as a systemn the main function of
which is 1o [acilitate traffic working.,  Your Commitiee is of the opinion
that the fattor is the only view to be taken, the former being a sub-
ordinate consideration which should only be dlaken into account
providing clearness of aspect is not thereby sacrificed.”

Unfortunately, from want of experiecnce, the Comimittee
failed to lock far encugh ahead properly to give cffect to this
opinion.

A fourth aspect which they recommended and which has been
adopted widely was (—

Attention—run at mediom speed,
to be given by the aspect Y/Y.

This is acceptable so far as the aspect is concerned, but the
interpretation. ” run at medium speed V' requires further con-
sideration.

Having provisionally accepted these lour basic indications,
it is proposed to consider first their application under the headings
A to I already referred to and for this purpose ©“ green " and its
interpretation will be taken first.

The Comunittee gave this as ** proceed---all right.”

In a multiple-aspect system, including as it does a yellow
cautionary aspect, the indication implied by the green light is
that the next signal ahead is ™ off,” displaying either a “ proceed
or a ‘‘ cantionary ” aspect, and a driver is thercby encouraged
to run at speed, confident that he will subsequently encounter

I

]

»
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a " cautionary " signal placed sufficiently far out from any
“stop ” signal to enable him to pull up easily and confidently
at whatever speed he may be travelling. This is commendable
and should be in no way impaired.

‘When colour lights are applied to manuai semaphore signalling
the following problem has to be faced :—

In a distant signal, green means “proceed—all right ” and
tells a driver that not only the next signal is “ off ” but that
often several other successive signals (including the starter,
if provided), are “ off ” so that virtually it means ““ line clear
to clearance point of next cakin in advance.”

When the home signal is considered, it is found that green
has two meanings.

.

If the distant signal is passed in the * off " position, green
in the home signal confirms the indication conveyed hy the
former, If, however, the distant signal is passed at danger, then
by rule 42 the danger signal must also be exhibited at the home
signal until green is shown under the provisions of rule 40 {a).
Shoeuld the starting signal still be at danger, the mcaning is
entircly different, the indication being ™ procced at slow speed,
prepared to stop at next signal.”

At the home signal there is sometimes found yet a third
interpretation of green, although it is only given under a red,
forming the combination R/G. This refers to the calling-on
signal, the indication of which is (4) that the line between the
signal and the next stop signal (or bulfer stop, when there is
no stop signal in advance) is occupied, or, (b) that the driver
is required to stop for instructions at the signal box ahead.

Taking the starting signal, again there are two conditions
attached to the green aspect—(a) proceed ander [ull line clear
acceptance, {b} procecd under rule 5 acceptance. The relative
rule govemning this is 45 {c).

It will thus be secn that with mannal block signalling there
arc no less that five different indications given by a green light
aspect. Whilst te-day no confusion exists between the indications
conveyed in multiple-aspect colour light and manual block
signalling duc te the comparative inferiority of the oil-lamps
used in the latter signals, it is easv to appreciate that with a
levelling up of the lighting, by substituting colour light signals
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in Yeu of semaphore signals and retaining the aspects of the
latter, confusion would arise in the event of any considerable
extension of the {wo systems.

A misleading sequence which would be possible is shown by
diagram 1, appendix E, in which the top line represents correct
multiple-aspect practice, and the bottom, the possibilities of the
application of colour light signals to manual semaphore signalling
{third line).

As previonsly explained, rules 42 and 40 (a) should obviate
this contingency but cases frequently ocenr where they are not
carried out. In fact, certuin raibways in busy suburban areas
give definite exemption for trains stopping at stations, to facilitate
working into the platlforms, while others put up with the incon-
venience and delay.

Turning now ta the simplest form of colour light signalling,
each signal displays two aspects, viz., stop—proceed, and therefore
the green or ** preceed V' aspect can only mean “ proceed, line
clear to next signal.”

As a driver is given no indication, beyond that afiorded by
his vision, whether the next signal is “on " or ' off,” it is obvious
that speed can be maintained only if hie can see the next signal
ahead, at least at braking distance from it. Therefore, to mect
conditions in foggy weather when visihility is low, it bocomes
necessary to reinforce such a system, when used on surface lines,
with * fog repeaters 7 placed at braking distance from each
“ stop " signal.

As such fog repeaters can be regarded as in substitution of
the cautionary aspect of a threc-aspect system, there does not
appear to be any cconomy in indication units over a three-aspect
signal svstem ; it is thercfore proposed that the use of two-aspect
signals be confined to  tube ™ and other underground railways
which are not subject to fog, and where signalling conditions arc
uniform and localized.  If the proposal is accepted this particular
aspect can further be disregarded.

Before attempting to decide the future application of colour
light signalling to mannal block signalling, it is perhaps desirable
to try and define cxactly what a green light aspect means.

It is well known that no signals are required on a line worked
by one engine in steam, thus peinting to the fact that signals
are “ protective ” in their function, and the essential aspects
are " gtop " and ' cauticn.”
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In the early days of signalling, when trains were worked on
the ““ time ” as distinct from the  space ™ interval, semaphores,
after a predetermined time, were lowered to a vertical position,
out of sight inside a slot in the post ; the inference was that where
no signal was displayed, the line was clear. This practice was
afterwards altered as it was subject to the disability that, should
the arm break away, it would signify the line was clear although
the danger signal might actually be required.

In the same way, the green light might be entirely suppressed,
but again a red or vellow light out would then give a ' procced ”
signal ; therefore a green light imay be regarded more as a location
light, the presence of which is a positive assurance to a driver
that he may proceed unchecked,

It may therefore he assumed that a driver should look upon a
green light, or a succession of such iights, a3 an assurance that
the signalling system is functioning and that he should carry on
at his scheduled speed, secure in the knowledge that shonld
the need arise to check such speed a “ cantionary " signal will be
cxhibited within braking distance of any ** stop 7 signal.

The general interpretation of the indication given by a green
light can therefore be summed up in the onc word * proceed,” no
qualifying phrase being necessary.

The cautionary aspect indicated by a vellow light, meaning
" caution—he prepared to stop at next signal 7' is & permissive
aspect, ¢.e., onc that can be passed. At present, however, this is
subject to it being displayed alone ; if surmounted by a red
light, the combination forms a ** stop " indication, which is wrong
in principle, as should the red light go out, the signal forthwith
becomes a permissive signal. The remedy for this will be dealt
with later.

The yellow aspeet can be accepted as a standard either alone
or in combination, its separate indication always being ** caution—
preparc to stop at next signal.”

The ted “stop” aspect calls for little comment, When
displayed singly or in combination with other red lights, it must
always mean * stop *" unless qualified by a less restrictive light
properly displayed, as referred to later.

It is fortunate that the old anomaly of the distant signal
carrying a ' red " normal aspect is now disappearing, and this
work should be hastened.
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Recapitulating the above, the various signalling systems

will have the three common basic light indications—
Red-—5top.
Yelow— Caution— -prepare to stop at next signal,
Green—Proceed.

Betore proceeding to the task of building up a serics of aspocts
for general application, it must be pointed out that the economics
of the subject must bulk largely in the decisions arrived at and
that the ideal cannot always be achieved if this is taken into
account, and to some extent compromiscs are necessary ; there-
fore, in thesc proposals economics have been studied without
undue sacrifice of clarity of aspect,

It is proposed {irst to set out the recommended indications
for multiple-aspect signalling and then afterwards show how
they can be adapted to manual block signalling.

Attached will be found a sheet of aspects giving the proposed
standards forming appendix C, the various indications are
numbered for reference.

Marker Light.

Tn view of the diflerence In the roles and regulations applicahle
to manual bleck and multiple-aspect signalling, it is highly
desirable there should be some lundamental distinetion between
them whereby they can readily be recognised,

This can best be done by the adoption of the marker light,
which is practically standard throughout the United States,
where multiple aspect signalling is employed.

The Committee of the Institution of Railway Signal En-
gineers in their report, stated on page 11 :—

(6) “ The use of marker lights is not recommended,”
leading to

(7) “Automatic signals which may be passed at danger,
after a driver has waited at them for one minute should be
distinguished by the letfer ‘A’ which can be illuminated if
required.”

This proposal was subsequently embodied in the Ministry of
Transport Requirements, 1928, see appendix 1).

This recommendation cof the Committee was undounbtedly
due to lack of appreciation at that time of the rapid developments
there would be in colour light signalling. It was felt that with
the few isolated installations of multiple-aspect signalling where

3
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it was anticipated that colour lights would be used, there would
be no difficulties in recognition-—a driver's local knowledge
being regarded as quite sufficient. With the rapid extension
of this type of signalling, and the more modern desire to apply
colour light signals generally, the position is now entirely different.

The correctness of this contention in regard to the Committec’s
views is shown by their statement :—** It will also be necessary
te see that the employment of two-aspect colour light signals
shall coase, wnless such aspects agree with the recommended aspecis.”

As the portion in italics appears impossible of achicvement,
this paragraph ruled out the use of colour light signals in manual
block territory, under the recommendations framed by the
Committee, These may be regarded as the basis on which
multiple-aspect colowr light signals have been installed up to the
present,

For clarity of aspect the marker light is now essential and
forms the groundwork of these proposals.

Should the marker light be added to the mannal block or to
the multiple-aspect indications ?

As the use of colour light signals with manual block will for
sometime to come be possible only by the usc of low wattage
signals in combination with approach lighting (making primary
battery feed permissible), it is not desirable to load such in-
stailations {many single signals only) with additional lights.
On the other hand, multiple-aspect installations will, as a general
rule, necessitate a power supply, when the additional lights
become a matter of little or no consequence.

For this reason the marker light should be added to multiple-
aspect signalling, and be the distinguishing badge of the same, its
application heing defined as follews -—

“Any signal which displays more than two aspects to a
driver under normal working conditions, or any one or two
aspect signal which forms part of a multiple-aspect sequence,
shall carry a red marker light except where such signal leads
to manual block territory.”

What colour should the light be 2 There is only one answer
to this, and that is * red **; {or the reason that, in any combina-
tion, the failurc of a lamp must not result in a less restrictive
aspect being displayed, and a possible failure of the main lamp
when the signal should be displaying the *“stop ” aspcct must,
therefore, be covered.
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It has been said that a driver should not have fo pass a Ted
light, and in theory this is good if it was attainable in practice.

Thig statement was largely quoted at the time when the
normal colour of the distant signal was changed from red to
yellow, but in its general application the idea is a fallacy, as a
driver has frequently to pass red lights, e.g., directing signals
on brackets and gantrics, home signals provided with C.O. or
other subsidiary signals, cte.

We are therefore forced to the logical conclusion that * a
red light or lights must be regarded always as a * stop ” indication
unless used in combination with a less restrictive light.”

As a cautionary signal, the red in combination with yellow
is a more arresting aspect than the yellow used singly, and
certainly far less likely to be mistaken for an extraneous light.
In fact this possibility is thereby remowed, but as a concession
to the ideal the red need not be embodied in the  proceed ”
aspect, except at interlockings, where * directional " indicaticens
are given as described later under  Junctions.”

What are the benefits to be derived from the use of a marker
light ?  Thesc are that :—

(1) It forms a distinguishing badge as between manual
block and multiple aspect signalling.

(2) Tts position on the mast forms a ready means of
distingunishing betweon interlocking and automatic signals,
which now has to be denoted indifferently by the letter “A™
in the case of antomatic signals.

(3} It is a valuable asset in helping a driver to appraise
correctly the yellow aspect. Owing to the proximity of red
and wyellow in the spectrum this s sometimes difficult and if a.
driver has once or twice, in hazy weather especially, mistaken
a yeliow for a red with consequent delay, he may possibly
when, doubtful en another occasion, assume that a red is
yellow, with serious results, With the two coleurs in com-
bination this mistake is hardly likely to arisc.

(4} Tt covers the failure of light due to a burnt out lamp
bulb in the signal itsclf in automatic sections,

(d) It cbviates light repeating circuits in interlocking
territory.

{6) 1t can be used as a low speed signal.
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Installation.

As regards installation, the follewing should be observed for
the marker light :——

(2} The light should be of practically the same value
in beam c.p. as the main light so that in the event ol the latter
faiting during fog, a driver is still able to sce the signal. In
view of the practice to post no fogmen at colour light signals,
this appears essential unless other means, as referred to later,
are employed.

(b} The ilamp should be fixed as far as possible at a
standard height on the mast so as to be readily recognisable
by its position. It should always be the lowest in any
combination.

{c} For interlocking {stop and stay) signals the light
should be vertically nnder the main light or lights.

{d) For automatic (stop and proceed) signals the lLight
should be displaced horizontally about 10 inches to the left of
a vertical line through the main light, so as to give a staggered
effect.

{€) In the case of controlled signals capable of working
automatically, both fixings (o) and (d) wiil e necessary, one
ot other of which will be switched in, according to the con-
ditions operating.

{fy Where used solely as a ““marker” light or as a
subsidiary signal on plain road, to go ont antomatically when
the signal is at " proceed,” but to revert to R if the top G
light fails.

Three-Aspect Signalling.

Ti has already been laid down what the aspects and indications
arc to he and these in combination with the marker light are
shown on appendix C, Nos. 101, 1086,

The application of such a system requires to be divided under
two headings.

The Committec of the Institution of Railway Signal Engineers
in their report state :—

“ With regard to electric passenger trains, in those cases in this
counlry with which we are familiar, it will be found that the distances
between signals are relatively great, taking into account the greatly
superior accelevative and decelerative capabilities of electrically operated
stock.  The conditions may be regarded as analogous to signals spaced

ane mile or more apart on steam roads, with the obvious result that
if ol the three-aspect tvpe, the cautionary aspect would be encountered
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sooncr thao necessary, with consequent defay. The distances between
signals on clectric lincs are based on the required headway, and arc
generally in excess of the distance required for braking and therefore,
to avoid giving a canlion signal until necessary, repeaters are provided.
Thercfore uniess the scrvice requires to be so intensive thai the distance
belween “ stop ™ signals is only equal to the Lraking distance, three-
aspect siguals would be a hindrance rather than an advantage to the
operation of such a linc.

It is thereforc recommended that in such cases where colour light
signals are employed, the signal immediately to the rear of a repeater
be a two-aspect signal, showing red and green; tepeater signals shall
show yellow or green and other signals shail show the aspects given
in the report.”

The conditions visualised above are illustrated on the sketch,
appendix E, diagram 2, where {a) represents a straight three-
aspect installation where each judividual signal can show cither
Ror Y or G, and (b) represents an installation where the Y aspect
is scparated from the block signals, leaving R and G only, and
is provided as a separate repeater fixed at actual braking distance
from the respective stop-signals.

With this arrangement a train can run unchecked for an
additional 1,000 yards, which is highly desirable in an intensive
service,

It will be noticed that cach repeater carrics a red indication.
This will not be encountered by a driver under normal running
conditions and therefore needs no corresponding cautionary Y
signal in the rear, Its function is to pretect a train which may
come to a stand between the repeater signal and the end of the
overlap boyond the next stop signal ahead, against a following
train which may pass the rear stop signal under the one-minute
rule.

Although the “stop ™ signals in (b} show only two aspects,
R and G, it will be appreciated that both (a) and (b) operate on
three-aspect principles, the difference being that in (a) the
aspects are combined in one signal, and in (b) they are separated.

As up to the present no attempt has been made to define
these two methods, it is suggested that for the future they be
referred to as

(a) Three-aspect signailing, type C,

(b} Three-aspect signalling, type 3,
with the standard aspects and indications common to both
typues.
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Four-Aspect Signalling.

The Committee of the Institution of Railway Signal Engineers
in their report recommended thai the indication to be given by
thie fourth aspect be “‘Attention——run at medium speed.”

As the Y/Y aspect indicates that the next signal is * off,”
also that a reduction to a medinm speed is necessary, an inter-
pretation more definite from the multiple aspect standpoint is
“Attention—pass next signal at restricted speed.” The reason
for the change will be appreciated better when junction working
Is considered further on in the paper.

The aspects mvolved in four-aspect signalling will be found
in appendix C, numbers 107—114, and the application is shown
by diagram 3, appendix E, from which it will be seen that an
express train drver is adwvised two blocks in advance of any
adverse signal; whereas a train running at medium speed or a
train with superior decelerative powers, such as an electric train,
can keep to schedule speed up to within one block of an adverse
signal.

The arrangement is alse applicable at complicated layouts
where physical conditions dictate the position of the signals at
less than high specd braking distance apart.

Five-Aspect Signalling.

Up to quite recently there has been no example of such
signalling in this country although there is in America.

‘With the spread of electrification in suburban areas and
congequent intensive operation at peak periods, where sach
lines are also used by high speed heavy express steam trains, it
is almost certain that five-aspeet automatic or semi-automatic
signalling will be a necessity.

Although such signalling may not be the need of the moment,
it should be borne in mind when a complete system of aspects
is in preparation. Further, anyone who has closely studied the
subject of the application of colour light signals to manual block
territory will qquickly see that if the fullest benefit is to be obtained,
then in congested districts where at present boxes come closely
together, a third cautionary indication—-malking a fifth aspect-—
will be Tequired if the troubles experienced with present metheds
arc entircly to be aveided.

To-day, with manual block signalling, short section working,
rule 34 of the Block Telegraph Regulations applies.
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With a propetly designed system of multiple aspects, the
necessity for this rule would disappear ; where to-day it is almost
impossible to get the distant signals off, due to the big margin
required between trains, they would then be able to run un-
checked, The value of this would be very great cspecially in
foggy weather, and would be a definite aid to better time-keeping.

The choice of aspect is not wide, being limited to Y and G in
combination, either as GfY or Y/G.

It will at once be realised that the former, viz, G/Y, is in
constant usc to-day, being the night aspeet of a “distant ”
signal “on " under a ““stop ™ signal “off " ; it conveys to a
driver the sost restrictive cantionary indication, namely ** cantion
—prepare to stop at next signal,”’ whereas the problem is to find
an aspect which will convey the feast restrictive indication.

This is a very good example of the great need for care In selecting
aspects. It is evident that G/Y must not be used in multiple-
aspect signalling, as its indication requires to be totally different
from the indication conveyed by this aspect when used in manual
block signalling, whera the signals may be equipped with powerful
electric lamps making them the cqual of colour light signals,

The alternative, Y /G, must therefore be envisaged and, by
studying the sequence, it will be seen how suitable and logical
this is; further, the aspect Y/G is one which does not cxist
to-day and, consequently, cannot lead to misunderstanding.

The sequence of aspects cncountercd by a driver between
the “ proceed 7 and “ stop ** aspects would be

GO Y/G Y)Y Y/R RiR

EE

cautionary.

It will be seen from this, by reference to the top lights, that
there are three successive cautionary Y aspects which are graded
by the lower light in 4 definite value of restrictiveness, whereby a
driver is informed unmistakably that he has at least two signals
ahead of him which are in the ™ off " position and that, emergency
excepted, he will not have to stop until he reaches the third
signal ahead.

The point may be raised that, in the event of the ¥ going out,
a less restrictive aspect would be shown. [t is essential to
safeguard this, either by de-energising the control circuit of the
lamp showing green, thereby causing it to tevert to red, or
preferably by changing the polavity, thereby giving vellow,
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As the interpretation of the fourth aspect has reference to the
signal ahead, ¢.e., * Pass mext signal at restricted speed,” it
appears desirable that the fifth aspect should convey a similar,
though less restrictive, message, and it is therefore proposed that
the interpretation of the fifth aspect be “Attention—-pass second
signal at restricted speed.”

It cannot too strongly be emphasised that the necessity for
sequences of two or three cautionary aspects is entirely dependent
on the highest permissible speed and the consequent braking
distance.

Only when the single Y/R does not allow sufficient braking
distance is it necessary to introduce Y/Y, and again, ¥/G is only
necessary when Y/Y does not provide sufficient braking distance
in the above circumstances.

The aspects involved in five-aspect signalling will be found
in appendix C, numbers 115—124, and the application is shown
by diagram 4, appendix E, from which it will be scen that an
express train driver is warned three blocks in advance of any
adverse signal, other considerations being as for four-aspect
signalling.

Sequential Indications,

In laying out any multiple-aspect system, and also in applying
colour light signals to manual Block working, it is highly desirable
that the unqualificd cautionary aspect Y should always lead to
R, especially in view ol the fact that a driver may be able to sec
several successive signals ahead owing to their brilliance. If
therefore he finds Y leading to another ¥, or to a less restrictive
aspoct, his respect for this indication may be wealkened.

This is already covercd in manual block working by rule 42
which states —" Whenever the distant signal is at danger {Y)
the danger signal (R) must alse be exhibited at the home signal,
cte.”  Om the other hand, the less restrictive aspect Y/Y need
not necessarily lead up to Y, but can lead to a similar or less
restrictive aspect than itself, such as G, as the indication con-
veyed by Y/Y, duc, say, to a speed limit at the next signal ahead,
docs not accessarily apply bevond such a signal.

Overlaps.
The necessity or otherwise of providing overlaps in con-
nection with colour light signalling is a subject calling for very
careful consideration.
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As is well known, the present standard overlap is a quarter
of amile. At one time the block regulations contained a qualify-
ing clause that the preceding train must not only be }-mile clear,
but also must be proceeding on its way, se preventing trains from
closing up on one another—in other words, keeping them the
length of a block scction apart.

‘The eliminaticn of this qualification altered the whole problem.
High speed express trains are now accepted under full ** line
clear 7 up to an cuter home signal, fixed }-mile from a junction
fouling point.

Further, at the time of the alteration, no attempt was made
to vary the overlap according to the requirements of maximnm
speed and gradient. Therefore the illogical position exists to-day
that whether aphill or down, on fast or slow lines, the amount of
clearance is the same.

‘What is the function of the overlap ? It must be remembered
that an overlap, as defined by track circuit, is an cxpensive item
and therefore should not be indulged in unless its provision can
be regarded as an cssential, certainly not as a mere concession
to tradition.

If it is to safeguard a driver who may have missed his distant
signal and {inds the home signal against him, then in many
instances it is insufficient to enable him to pull up clear of an
obstruction if he is running at speed. On the other hand, if its
function is solely to safeguard a driver who may overshoot the
“stop” signal, then with modern Dbrakes and distant signals
well sited at full braking distance from the “ stop ” signal, it is
too much, and traclk capacity is therchy being sacriticed. It is
beyond doubt that the -mile overlap is of no value where a driver
" and “ stop 7 signals.

‘What, then, is the problem ?

With systems of operation dependent on track circuits, one
has to work to defined clearances, as there are no ready means
of ascertaining that a train is continuing on its way, where
personal vision is absent.

Two conditions have to be met :—

{a) Provision against end-on coilisions.

{b) Provision against side coilisions.

{a) May be further sub-divided into overtaking and head-on
collisions, the latter applying mainly to single lines which
require special treatment and need not enter into these con-
siderations.

misses both “ cautionary
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(a) End-on collisions. These involve trains following one
another on the same line of rails. If one stops, then signal
protection is necessary to prevent the train immediately following
from running into the rear of the standing train. The amount
of overlap decides how close a running traln may approach to
a standing train.

It is suggested that the use of colour light signals alters the
problem materially ; for a driver, as a result of momcentary
inattention or of temporary difficultics such as stcam from
ancther train, may miss seeing one colour light signal, but it is
most improbable that he will miss two successive signals.

As any train is protected at least by a cautionary and a
“stop " signal, braking distance apart, assuming that the
cauticnary (Y) signal is missed under normal conditiens, a driver
would see the “stop” (R) signal ahead, probably soon enough
to enable him to stop at it. On straight track such signals can
readily be seen for 1O vards in bright sunlight and considerably
further at night; the correctness of this argument is borne out
by the effective operation of a two-aspect automatic colour
Light system in clear weather.

On the other hand, should a driver see the cautionary {Y)
signal and subsequently at reduced speed miss the  stop ” (R)
signal {which on straight track is most unlikely) no length of
averlap, short of a “ block ¥ overlap, will safeguard him if he
continues running, unless some form of AT.C. giving a full brake
application is provided at cach *“ stop " signal.

It therefore appears that under novmal conditions, providing
that a signal is properly sited so that it can be seen by a driver
at full braking distance away, based on the highest likely speed,
then no overlap is necessary ; but where such an extended view
is impossible of attainment then an overlap {s pecessary, and
must be of such a length that, added to the effective sighting
distance, it provides full braking distance. Expressed as a formula,
overlap=:=13---8, where B= full braking distance and S-——sighting
distance.

The overlap is rarcly provided on straight track in America,
but that country is comparatively free from fog; therefore the
practice followed there will not nceessarily suit British con-
ditions, under which fog has frequently to be contended with
during the winter months, This feature of operation will now
be examined,
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In manual block working, the difficulties inherent in foggy
conditions are recognised and catered for in the relative rules and
regulations by the introduction of fog bleck; rule 4, clause
{e) states :—

“ Except where special instructions are issued to the
contrary, during fog or falling snow, until the fog-signalmen
arrive at their posis, and at signal-boxes where fog-signalmen
are not employed, the *is line clear’ signal must net be
acknowiedged to the signal box in rear until the ‘train out
of section ® signal or the obstruction removed’ signal has
been received from the signal box in advance and the block
indicator workerd from that signal boex is in the normal position ;
nor must the ‘ blocking back * signal from the box in advance
be acknowledged if permission has been given for a train to
approach from the box in rear.”

The recent report of the Automatic Train Control Committee
(1927) also makes certain recommendations relative to working
up to outer home signals at junctions differentiating between
clear and foggy weather, which recommendations are generally
in use.

A most important difference is thersfore apparent between
manugz! Plock and automatic working ; namely, that the former
is elastic and the latter is not. The subject of the overlap on
straight track with automatic working must be looked at and
decided in the light of the most oncrous conditions which are
likely to be encountered.

It is well known that in dense fog the oil-lighted semaphore
signal often cannot be seen cither by day or night, and a driver
has to rely entircly on the fogmen.

On the other hand, expericnce has been sufficient fo show
that colour light signals can be seen in dense fog provided they
are properly sited, and thig cxeellent feature will become still
more marked with the introduction of the additional marker
light. They are, however, subject 1o the disability that under
such conditions they cannot be seen at long range.

It may happen, therefore, that a driver misses the cautionary
(Y) indication, and owing fo the liakility to loss of location in
fng, i3 suddenly and unexpectedly faced with a “step” (R)
aspect whilst still running at speed ; under such circumstances
his only certain safegnard is an overlap which is not less than
emergency braking distance.
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Therefore if the high degree ol safcty of British railways is to
be maintained unimpaired, their installations must be so arranged
as to meet the worst conditions. Where manual control is absent,
or only intermittently applied, as in semi-automatic signalling,
then overlaps must be regarded as an essential part of the in-
stallation, They should always be equal to the emergency
braking distance, whether mote or less than f-mile, based on the
highest likely speed and the roling gradient.  Swvitable formulac
are available for readity ascertaining this.

Where a close headway is required on an automatic three-
aspect installation, the overlap may cqual a block section,
generally referred to as a {ull block overlap system. Fach train
is then protected by two signals at “ stop 7 {R}. (See diagram
5, appendix E}.

Where mixed traffics are dealt with it will be appreciated
that it is out of the question to decide the overlap length on the
basis of unbraked stock. Drivers of such trains must run at
such a speed as to have their trains under full control, having
regard to the local circumstances and the conditions apper-
taining thereto.

In the case of multiple-aspect installations catering for
electric and steam trains and necessitating four or five aspect
signalling, the overlap would be based on the emergency braking
distance required by an electric train trpped at an adverse
signal. This is invariably less than that required by the stcam
train, but the latter is helped by the fact that the driver receives
additional advance information of a * stop ” signal ahead given
by the Y/Y andjor Y/G aspects, and therefore the need for the
full overlap for steam operation is materially redueed.

It may therefore be said that the necessary length of the
overlap is in inverse rafio to the number of aspeets.

It is perhaps desirable to point out that the overlap already
referred 1o must, in any antomatic section having the one-minute
rule in force, be a true overlap, 4.e., a separate section of track
circuit as distinct {rom an overrun, which consists of continuing
the approach track circuit for a given distance beyend the signal.
"The reason for this is that the overlapping portion must hold the
signal immediatcly in the rear at ** danger ' ; otherwise, when a
train has broken down in such overlap, a following train passing
the tear signal at “ danger "' next encounters a signal giving
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possibly a full “ preceed 7 aspect with an obstruction immediately
ahead, (See diagram 6, appendix I

(b) Séde Collisions. This involves the protection of trains
which may be passing from one line to another, as at junctions,
or into or out of adjacent sidings, against other trains which may
be approaching on the straight line which cventually fouls their
pathway.

It may be said that all such connections must be manually
operated cither from signal cabins or from ground frames by
power or by mechanical means.

It has already bcen scen that manual block operation is
elastic, as the working and acceptance of trains can be varied to
suit prevailing conditions ; therefore where manual control is in
operation it is lound that circumstances vary according to the
operation of traffic between any given points by (a) telegraphic
block or (b} track block.

In the former case, in the event of fog arsing, a signalman is
at once able to introduce fog block working and thereby provide
adequate clearances between conflicting movements ; but here
again track capacity must be taken into account.  In the latter
case he has no power to
“interlocking ” in accordance with the clearances as defined
by track circuiting.

In considering this application it must be borne in mind that,
irrespective of atmospheric conditions, the rclative positions of
any connection and its protective signal(s) are constant ; there-
fore additional clearance can only be provided by holding an
oncoming train at the cabin in the rear in the case of telegraphic
block, or at the next signal in the rear in the case of track block.

It bas been shows: that in Jaying out overlaps against rear-end
collision in automatic sections, lmited overlaps only, appear
necessary in clear weather, but that the actual mstallation has
to be determined by the needs of foggy weather, which calls for
an overlap equal to full braking distance. The same requirement
appears to be fundamental at interlockings where facilities are
tequired for full “ line clear ” acceptance at any time, z.e., the
outer home of to-day, but at other interlockings the limited
overlap B—S5 already referred to will meet the case.

There is no doubt that by judicious placing of signals, many
of the restrictive effects of the present regulations could be over-
come. The introduction of colour light signals, providing that the

refuse 7’ trains which arrive at his
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possibilities are realised, should result in increased track capacity
and freedom of operation without in any degree lowering the
standard of safety.

An anachrenism of modern signalling, véz rule 5 of the Block
Telegraph Regulations, should gradually disappear, as with the
present high degree of development in signalling, the provisions
of this rule are becoming unnecessary.  The substance of the rule
is cither a tacit admission that a driver cannot be expected to
stop at a given point by signal indication alone, or else, what is
more probable, it is a survival from the days when at junctions
the *“ stop ” signals did not pratect the fouling points.

It is therefore suggested that protective controlled colour
light signals be arranged as follows - —

{A), Tor general working, the position of the home signal
shall be such as to provide an overlap (zee below)* in accordance
with the formula already quoted, wiz.,, B—5, subject to the pro-
vision of a minimum clearance between signal and fouling point
of 200 yards, (see diagram 7, appendix E.).

Provided that the cautionary signal in the rear is fixed at
full braking distance and carries a marker light, or alternatively
is fitted with an automatic detonator placer opcrative in case
of light failure, then the following regnlations will apply ~—

Clear Weather. All trains to bo accepted up to the home
signal at danger when the junction i occupied,

Foggy Weathey. All trains to be kept back at the cabin in
rear (i.e., refused) in the same way as is done to-day, even in clear
weather,

Notes —

(i) The definition of foggy weather wounld have to be tightened.
Wealher shonld be regarded as " foggy "' when visibility is less than
haif-mile,

*(ii) Where the next stop signal in ihe rear is a controlled signal
as distinet from an automatic signal, when track circuit is provided
the overlap can he an extension of the 200 yards circuit usually provided
approaching ihe home signal.  {Sec diagram 7b),

Tt will be appreciated that with Lhe above arrangements, the operation
of a railway will be greatly facilitated during the major portion of the
year, especially in the summer, at periods of maximum traffic.

(i} Where the distance to the rear cabin does not permit of the
home signal being lept back by 200 yards, the present day block
regulations to apply, ie., trains to be refused when the junction is
oceupied,
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(B). At certain junctions where the exigencies of traffic
call for * frec ” acceptance at all times, in order to meet foggy
conditions, a somewhat different arrangement will be necessary,

As overlaps equal to the full braking distance are necessary
on straight track with automatic signalling €o meet the onerons
conditions arising during fog, se at a junction, provided that free
acceptance is vequired at all times, there must be full braking
distance between the protective signal and the junction fouling
point. This is shown as signal 2 on diagram 8, appendix E.

It is also desirable that there should be an inner home signal
No. 3 at the junction fouling point and a cautionary signalat full
braking distance from No, 2.

The working would be as follows :—

Clear Weather. When the junction is being occupied by a
conflicting movement, an approaching train will find No. 1 at
Y and Nos. 2 and 3 at R until the train reaches point b, 100
vards from No. 2, when the latter will change from R to ¥, The
train is thus allowed to draw down to No. 3 at R at reduced speed,
and for this reason no overrma is provided.

Foggy Weather. Under similar circumstances, No. 1 will be
at Y and Nos. 2 and 3 at R until the junction is cleared, so allow-
ing No. 2 te be taken off.

On cxamining diagrams 7 and 8, it will be appreciated that,
in the case of 78, the varied acceptance in foggy weather is a
matter of rules and regulations only, as to-day; but for 7A,
means have to be provided to convert the rear automatic A into
a controlled signal so that trains can be held at it and, in the
casc of diagram 8, to vary the working of the outer home No. 2,
The contrels otherwise are the same, irrespective of the type of
signal in the rear.

Tt 18 proposed to do this by means of a ™ fog switch * fixed
on the mstrument shelf which when operated would bring into
force the resiricted controls as indicated, such switch to be fitted
with a Veeder counter to register each actuation. It would be
the responsibility of the sigralman to record each movenient
in the train register book, together with the relative time of cach
operation.

Approach Lighting.
In America, with a comparatively sparge traffic, approach
lighting is in almost universal use in automatic territory, as it
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provides a very real economy even in those cases wliere the signals
ara lighted from a power line.

In this country little has been done, solitary examples being
at Nottingham, Carrington (1927), and at Eryholme, on the
London and North Eastern Railway {1928),

It will be many years yet bofore power supplies are universally
available in this country, and therefore for isolated cases recourse
must be had te approach lighting if primary battery operation
is to be cconomically possible.

When laying out the circuits, the time of illumination should
be kept to a minimum, and only be operative whilst a train is
on the approach track, which, generally speaking, would extend
to the next signal in the rear except where such distance is in
exeess ol the sighting distance.

It will probably be said “ supposing the signal does not light
up "’ ? It must be borne in mind that this is to a large extent the
antithesis of a light going out and does not really introduce any
extra risk. The situation can be met satisfactorily by the
provisicn of marker lights in multiple-aspect signalling or by
detonators automatically placed should a light fail A further
safeguard is to restricl to Y any signal preceding that at which
the light has failed.

Where approach lighting is employed on parallel tracks
signalled in the same direction, e.g., “ up fast ” and  up slow,”
a train approaching on either line must light up the signals
applicable to both roads, otherwise a driver may be seriously
mislead. Approach lighting is a method of operation descrving
every consideration, as enly by its aid can colour light signalling
be made immediately applicable to gencral conditions.

Replacement.

Closely allied to the subject of approach lighting is that of
the replacement of the light to red on a signal being passed by a
train.

Owing to the long distance at which celour light signals are
visible, especially at night, overlapping is possible. For this
reason it is generally desirable they should be replaced by track
control unless they are a comsiderable distance apart and half
rotation locking is in force.
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Shunting Signals.

The Committee set up by the Institution of Railway Signal
Engineers in their report suggested that elevated shunt stgnais
should show R and Y and that ground shunt signals should show
Wor R and G,

In view of the subscquent clear definitions laid down in the
Ministry of Transport Requirements, 1928, it does not appear
necessary or desirable to depart from them. Therefore for
shunt signals, whether of the semaphore or colour light type,
the prescnt indications should remain, 7.e.,

On—Red or yellow,
(Hf—Green.

The Committee further stated :--—" It is however recommended
as better practice to dispense with colour lights in the case of
ground shunt signals utilising illuminated * position signals in
licu of the same.”

This recommendation is a sound one. A suitable type of signal
to employ is the internally illuminated banner signal, whercby
a position signal is available both by day and night, the arm
being coloured red or yellow as required,

Subsidiary Signals.

Cail-on signals. In June, 1928, a Railway Clearing House
Committee tabled a recommendation that :— It was considered
desirable not o use colour aspects for ‘ calling-on,” * warming ’
and “shunt ahead’ signals in colour light instailations, but to
adept an optical projector type or banner tvpe of signal in such
areas.”

This recommendation may be regarded as present British
practice, but it was certainly a compromise and a ccneession
to tradition, The decision apparently arose cut of a difficulty
experienced by the London Midland and Scottish Railway in
their recently opened colour light installation at Manchester,
where following semaphore practice, they had used white as the
normal light and green to authorise the calling-on movement,
They quite naturally found that the drivers mistock the so-called
white light for yellow and passed the signal at ** danger.”

In view of the fundamental differences between multiple-
aspect colour light signalling and ordinary semaphore signalling
with consequent night aspects, it appears to be a misconception
to attempt to superimpose the latter on the former, as they are

6
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totally distinct, This is where the Americans have been fortunate,
as they are not hampered by tradition nor have they the con-
servatism of the British ; in developing a new system they werc
in no way influenced by considerations applicable to older
systems,

It having been laid down that multiple-aspect signals shall be
cquipped with marker lights, it is a natural step to use such an
indication as a low or shunting speed signal as required. The
Americans do this, exhibiting a yellow light, which is then known
as a “ know nothing *’ signal ; in other words, it merely anthorises
a driver to pass the signal prepared for any eventuality. (See
figure 13, appendix A.}). We cannot do better than follow
their example, vsing a small yellow light as the * off ** indication
of a call-on signal, which should beur the same interpretation
as that laid down in the rule book rclative to semaphore call-on
signals.

Installation details will be as follows :—

Normal aspect—R/R as for marker light.
Proceed aspect—R/(y].

Circuits so to be arranged that R/(y) is not exhibited until
the train has been brought to a stand.  In view of the extreme
importance of a proper interpretation of this aspect, arrange-
ments to be made as subsequently shown so that this aspect
may not be exhibited under any other circumstances.

Permissive marker light signals, Reference has already been
made te the use of the one-minute rele in automatic territory.
Such a rule is necessary to aveid trains being unduly delayed in
the event of failurc of the track circuiting or other partsof the
apparatus, resulting in a permancnt danger signal being exhibited
until the fanlt is removed.

Where train-steps are provided, a double stop is involved as,
after waiting at the signal and then proceeding, the train is
immediately and forcibly pulled up by the application of the train-
stop, which is somewhat annoying and disturbing to passengers
who are not aware of the circumstances.

With the adoption of the R/(y} call-on aspect this difficulty
can be overcome by making each marker an automatic call-on
signal controlied by a time element relay so arranged that, on
the approach track being occupied with the signal at * danger,”
the marker will change from R ta (y} after the cxpiry of one
minute or longer, plus an allowance to cover the time required
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between the train entering the approach track and coming to a
stand. The circuit which changes the marker from R to (¥}
will also operate the train stop, so obviating the needless second
stop.

With the adoption of this arrangement, the marker position
would be vertical, Z.e., cach signal would be a “ stop signal,
but in order to meet the improbable contingency of a failure
of a marker light to change to {y) it would still be necessary to
introduce a rule to cover the passing of such signals at danger.
It is proposed that such signals should still carry an identification
letter A, which need not be illuminated, authorising passing
after a wait of three minutes,

In view of the expense involved, such permissive marker
signals are not proposed for general use, but only on roads which
have an intensive service and are equipped with train-stops.
In such cases their adoption would undoubtedly be beneficial
both from the working and psychological standpoints, as the
arrangement would practically eliminate the passing of danger
signals.

Grade or tonmage signals. In America certain automatic
signals carry the letter G or T on a plate, projecting from the side
of the signal. This indicates that, due to a heavy rising gradient,
such signals can be passed at *“ danger ”* by heavy freight trains,
withont first stopping to give effect to the onc-minute rule,
There is no similar relaxation in the case of passenger trains,

This arrangement might very well be adopted in similar
circumstances in this country on rising gradients exceeding 1
in 100, but it would be necessary to illuminate the sign for night
working.

Warning Signei. In semaphore practice this is denoted by
a miniature arm of the call-on type exhibiting the letter W,
There is no need to attempt to provide a special aspect for this
in multiple-aspect signalling, as it is already given in the clearest
possible manner by the Y aspect: ** Caution—prepare to stop
at next signal.”

All that is necessary is to ensure a reduction in speed. This
can be done in a most flexibie manner by providing a short
approach track to the second signal and arranging, when the
conditiens ahead call for it, that the rear signal does not change
from R te Y until the train reaches the approach track. The
length of the approach track will determine the desired degree
of speed reduction.



84 RAILWAY COLOUR LIGHT SIGNALLING

It will be appreciated that the obstruction will be primarily
protected by two signals at R and one at Y, as laid down for
junction working with free acceptance, see diagram 8, appendix
E.

Shunt or draw-ahead signal. In semaphore practice this is
denoted by a miniature arm of the call-on type exhibiting the
letter S, It is not anticipated that the call for such a signal is
likely to arise in multiple-aspect territory, but shouid it be
found necessary it should conform to the aspect of a shunting
signal as referred to later under the heading of ©* Speed signalling.”

Fog vepeaters, With the elimination from surface lines of the
two-aspect system of automatic signalling (see left-hand column,
appendix C} there appears to be little need of repeaters provided
specially for foggy weather. 1t is rather a case of using them
constantly as in three-aspect signalling (type S, diagram 2,
appendix £} to get the last ounce out of an installation and also,
in other instances, to give advance indication of the aspect of
a signal where, due to local circumstances, sighting distance is
poor.  Asregards the latter, it appears desirable that In multiple-
aspect signalling the repeater shall *“ ropeat " the aspect of the
signal in rear rather than the signal in advance as recommended
by the Committee of the Institution of Railway Signal Engineers
so obviating the necessity of the white light with the word
“fog " superimposed.

Wkhere the repeater is tull braking distance from the relative
“ stop "' signal, it shall carty a staggered marker light, but where
fixed at less than the full braking distance and Y is separately
shown, then it shall be identified by the letter R, which need
not be illuminated.

Junctions.
in the U.5.A. and, to a limited extent, in this country, cne
hears reference made to “speed ” signalling. Its protagonists
have been as “ voices crying in the wilderness,” as little im-
pression has vet been made on the prejudices engendered by
mmany years cxperience of ““ route " signalling. The antagonists
have had matters all their own way by airily referring to 27
different aspects which are supposed to build up * speed ™
signafling ; having quoted this offen without any attempt at
comparison, they regard the matter as disposed of until someone

€lse is foolish encugh to raise it again.
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It is high time this subject was carctully considered as it is a
concomitant of colour light signalling and cannot logically he
divorced from it.

What is speed signalling, and is it applicable to this country ?

There are certain fundamental differences in the conditions
obtaining in the two countrics which make the problem different,
and with the much greater density of traffic and the frequency
and variety of junctions to be found in Great Britain, the policy
to follow is to select only those features which cffer undoubted
advantages.

[t must be appreciated that speed per se is entirely relative
to any given local ¢ircumnstances. [t isout of the question to
atternpt to tell a driver at what speed he should run his train ;
in fact, to try and do so within narrow limits would be wasteful
and futile, seeing that locomotives in this country are not cquipped
with speedometers.

On the other hand, if “speed ” can be divided into, say,
three parts, considerable benefit may accrue.

A limited attempt at ““speed ” signalling has always been
accepted practice in this country. The importance of diverging
lines and their limiting speeds in the case of crossovers is always
indicated in semaphore signalling by the relative height of dells,
which are stepped usually in heights varying by about 2-ft.
6-ins,, the main route being always the highest doll.

This principle would still apply, but instead of carrying the
signals on separate dolls, there appcars to be no reason why,
generally speaking, they shounld not be grouped on the one mast,
the * speed ' indication heing divided into three parts, so that
the top light would indicate high speed, the centre light medium
speed and the bottom light low speed.  Nothing could be simpler
to remember ; the arrangenient is its own explanation.

Asg already stated, ** speed ' is always relative ; what may be
high specd at one point may be the medium speed at another
and wice versa, but the third or lower speed is a non-variable,
and would refer to a low or shunting speed of not more than
10 m.p.h. according to the aspect displayed.

Medium speed cannot be regarded as the average speed, as
ohviously it wounld be unsafe for a train which had been running
at 80 m.p.h. to be diverted from a fast to a slow line at 45 mph.
It must be relative to the route to be taken, hence the necessity
for local knowledge on the part of a driver.
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Definitions of the terms high, medium, and low speed should,
therefore, be :—

High speed, the highest permissible speed at any given location.

Medium speed, a restricted speed suitable to the diverging
route (4.e., the speed limit) generally not exceeding 30 m.p.hy

fow speed, shunting speed.

All the above are further subject to the aspect displayed,
see appendix C.

Junctions come under two categories, (1) those between
running lines both continuing in the same direction, and (2}
geographical junctions where a line diverges in two or more
directions.

[t is proposed that, in the case of (1), the signal reading over
the juncticn facing points shall always be as Nos. 134, 144, 155,
appendix C; similarly in the case of (2) this arrangement shall
apply where, over an ordinary double junction, there is no
restriction on one route but a considerable reduction of speed
is required con the other, varying by not less than 20 m.p.h.
This arrangement would be very advantageous in the case of
parallel lines where, as a rule, there is little more than a 10 foot
space between [ines in which to fix the signals.

This means that a bracket signal has to clear the loading
gauge, resulting in considerable elevation, and as height is very
detrimental to colour light signal efficiency in foggy weatber,
this factor alone miakes it desirable to adopt any means which
will permit the signals heing kept at a low elevation.

With the introduction of the arrangement described above,
the present rule that the top arm (light) always applies to the
line on the left, the second signal fo the linc next in order from
the left and so on, will have to be mocdified.

Where there atc more than two routes which cannot respectively
be graded under high, medium or low, alse in the case of two-way
junctions where both routes are restricted or else are unrestricted
and vary by less than 20 m.p.h., then the junction signals shall
embody such horizontal displacement as may be necessary clearly
te define the routes to be followed.

Before passing on te the consideration of “ distant ™ signal
aspects, telerence will be made to the bottom or low speed signal,
This occupics the position of the marker light but is capable of
displaying other aspects than red.

I has alrcady been seen that when turned to (v), it gives
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the call-on aspect R{(y). This is in no way affected by the
additional R of a junction signal, giving R/R(y); the inter-
pretation remains the same, but direction is absent and generally
APPCATS UNNecessary.

There is, however, a fundamental difference between the
bottom light and the two above it.

Both the high and mediom speed indications are multiple-
aspect signals, t.e., they give advance information of the aspect
of the next signal ahead ; but the low speed indication, being a
" shunt " signal, does not do this but follows the general principle
laid down under the heading of “ shunting signals.”

The “ off 7 indication is therefore green, meaning * procced
at low speed.” The green has no refercnee to the aspect of the
next signal ahead, but merely indicates a clear path to be traversed
at low speed. The green light, as {or yellow, should be a small
one.

It is regarded as essentizl that advance warning of incorrect
routing should be given to a driver in sufficient time to prevent
him from passing on to the incorrect route at speed and suflering
the delay consequent on the provision of wrong line orders.
Under the heading of distant signals it will be shown how it is
proposed to meet this problem.

The Ministry of Transpert Requirements, 1928, page 8, line
4], states :—

“ At diverging junctions, one distant signal only should be
provided, worked for the junciion line over which the highest
speed is permissible, unless in exceptional circumstances more are
essential.

Where special circumstances, eg. permancnt speed restriction,
justify the adoption of an unworked signal, it should be secured
in the warning position and mnot coupled up or doplicated for
directing  purposes.”

The above regulation has given rise to a great deal of con-
troversy, as traffic officers rightly point out that in time of fog
it has a scriously restrictive effect just when they nced every
possible help; for on the diverging route drivers have to feel
their way from signal Lo signal, which is very oncrous in the case
of heavy mincral and freight teains.

In such a case colour light signalling can provide a very
effective remedy, as the requiremenls of both partics are met.



88 RATLWAY COLOUR JIGHT SIGNALLING

Agsume that the junction is protected by the three vertical

lights as already explained. Then the signal in rear will display
Y/R leading up to R/R/R/
GO, o oo GIRIR{
o oo YRR
Y/ YR v o BIGIR
e .o RIYIR

The Y/Y conveys the two definite messages (a) that the
signal ahead is “ off,”” (b) that the signal ahead may only be
passed at restricted speed.

It is a matter for careful consideration whether it would not
be an cxcellent arrangement to provide a speed lamp either at
the rear or  distant ” signal or at a midway point where brake
application is first necessary, capable of being illuminated with
the actnal speed limit figures of the junction ahead, such to be
visible only when the ¥/Y is exhibited. (Sec appendices F and
G).

In order satisfactorily to give the “ distant” indication
when the junction indicaticn calls for Y/Y andj/or G at the rear
signal, applicable to alternative geographical routes, the following
arrangement is proposed. The rear signal to carry two separate
yellow side lamps which are fixed right and left of the green
lens ; these to be normally out, lighting up only when the G or
Y/Y aspect is energised, the right hand lamp lighting for the left
hand route and vice versa. A driver would thus be provided
with the same aspect as he obtains to-day with semaphore
signalling.

Diagram No. 1 to 4, appendix I, show the application of the
principles enunciated in regard to junctions.

Terminal working. In dealing with junction aspects the
special requirements ol terminal stations must be considered,

At many terminal and also some through stations there are
fwo train berths at a platform and the problem is how to advise
an appreaching driver that he has a clear platform or that the
leading berth is already occupied.

Certain instances have been dealt with in this country as
follows, the aspect being that given by the last entering signal,

G—clear to buffer stops.
Y—one train in, second berth clear.
CO—~-both berths ocenpied.
Theorists point out that it is wrong to give G leading to R,
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the light on the buffer stops, although it is admitted that a
driver can hardly fail to know that he is entering a terminus.
In view of this and of the desirability of having G available for
ifs correct function at large through stations where these con-
ditions are in force, it is recommended that the three vertical
light " speed ” signal be used with the following applications -—
Y/R/R—Line clear to buffer stops (terminal). Line clear
to next signal (through station).
G/RfR—Linc clear to next signal {through station) and
next signal at Y or G,
R/Y/R--One train in, second berth clear, or line clear
to buffer stops of bay line.
R/R{{y)—Call on—e.g., engine backing on to train.
R/R/(g)—Draw past for shunting purposes and entry
to spur roads, carriage landing, etc.

The above can only be regarded as a general principle owing
to the variety of layouts, many of which need special treatment,
An efiort should be made to grade routes into approximately
equal lengths for given aspects, and if local circumstances dictate
the desirability of more detailed direction, route indications
can be used.

Both at terminals and at running junctions, where the medium
and/er low speed signal applies to more than one route, separate
levers working such signal{s) should be provided for each such
route, as a help to the signhalman in correctly setting up the
route for which a given movement is intended.

At terminals and other large stations it is often necessary
to signal trains on to the facing road for shunting purposes and
whilst the Ministry of Transport Requirements, 1928, state that
“a special type of shunting signal for wrong line movement is
not considered necessary,” local circumstances often make it
very desirable. To meet such cases in colour light signailing
territory where it is desired to avoid the use of 4 route indicator,
a suitable  off 7 indication can be given by a lunar white light
with a Black cross painted diagonally across the lens.

In appendix G will be found the various aspects likely to be
met with in a complete system of multiple-aspect colour signalling
as set out in this paper.

Standard Heights and Clearances.

As an explanation of the varicus diagrams which are drawn

on the assumption that the S.A, type of signal is used, two
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dimensional sketches are attached (appendix H} showing typical
fixings.

No. 1 shows a speed junction signal fixed in the space between
two lines of way, the low speed or marker light being at a standard
distance of 4 fect below the medium speed lamp, which should
generally be 12 feet above rail level. The high speed signal is
also 4 feet higher than the medium speed signal, which allows
of an intermediate Y or G light to be added for four or five
aspect signalling midway between the high and medijum speed
lamps where it is common to both.

No. 2 shows an auntomatic signal with staggered marker
light, the main lamp being at 12 feet above rail level and the
marker light 4 {ect below it as in sketch No. 1.

Where a fourth andfor fifth aspect is required the additional
lamp is fixed 2 feet above the main lamp as shown by dotted
lines.

In all cases every effort should be made not greatly to exceed
these heights and always to fix the signal to the left of the line
to which it applies. The centres between lamps should not be
varied,

Application of Coleur Light Signals
to Manual Block Signals.

The recent Report of the Automatic Train Control Committee
(1927) iaid great stress on the benefits to he obtained by the
introduction of colour light signals.

Clause VI (3), page 8, rcads:—" With regard to ordinary
distant signal posts, we have been impressed, having regard to
the more intensive service of high speed traflic during recent
years, with the desirability for providing better lighting. Little
alteration has heen made for a long period in the actual methods
of lighting these signals, which dominate the conduct of high
specd  traffic.  Lighiing, more brilliant and penetrating in
character, would be a strong factor in determining the accepta-
bility of an economical form of protection to prevent accidents
arising, in peor atmespheric conditions, from failure of enginemen
to observe distant signals. The importance of better location
and correct elevation of signal arms and lights from the point
of view of improving visibility in similar difhcult conditions
{to which attention has often been drawn in accident reports)
has also heen noted.”
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Clause X1 (1), page 18, reads :(—"Tudirect methods of increasing
security. (b) To increase the Illuminative and penetrative
power of signal lights themselves.”

“ With regard to {b), electric beam light signals with high
illuminative power and correct focussing have, wherever they have
been adopted, met with general approval, They have during
the past three winters never failed to be visible at an adequate
range even in bad conditions of fog.  So much reliance is nowa-
days placed on them that fogging services are not called for at
signals of this type.”

One very important point which the Committee apparently
failed to appreciate when making the above recommendation
was that the installation of better lighting introduced a further
risk which increased in magnitude in direct ratio to the intensity
of the illumination ; that is the risk due to the failure of the
Hght.

With the present type of oil lamp, it needs a very real effort
on the part of a driver to find a signal in bad weather and he
takes every possible care to ensure that he dees so; but with
colour light signals, their intrinsic brilliance may become a source
of weakncss, as the better it is, both from the point of view of
brilliance as well as of reliability, the more likely will a driver
be to rely on its efficiency to draw his attention to his location
and warn him in adequate time, in the case of a distant signal,
of the state of affairs ahead.

Should the signal fail during a train’s passage through a
scction, a driver may very seriously be misled by the absence of
such a signal, which on a dark wet night may not be realised,
and thereby he may approach a stopping point at too high a
rate of speed.

It has already been seen that the marker light in multiple-
aspect signalling is one solution of the difhienlty, but as 1t is not
propesed to embody this in manual block territory, something
else 18 necessary.

It is therefore proposed that all isolated distant signals ol the
colour light type be equipped with an automatically operated
detonator placer so arranged that it is normally off the rail. It
can be held in that posttion against gravity or a spring through
the medium of an electric clutch, the coils of which are in series
with the signal lamp bulb.
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Any failure of light will therchy be brought fo a driver’s
attention and adequate warning given.

The application to this form of signalling of daylight colour
light aspects can be effected in two different ways :—

(1) By substituting electric lamps of the Corning-l.ebby
type, having a high <.p. in place of the ordinary oil or gas lamp,
or {2) by replacing individual semaphore signals by complete
signals of the colour light type.

The {fcllowing notes show what precautions must be taken
in carrying out cither of the above conversions in order to avoeid
giving aspects contrary to theose already laid down for multiple-
aspect signalling and set out in detail in appendix C.

(1) The use of eectric lamps in place of oil or gas.

As the heam c.p. of such lamps can be equal to the ordinary
colour light signal, ne distinction between the two types can be
looked for in inferority of light. In thc case of “stop” and
cantionary signals (R and Y) the absence of the marker light
serves to distinguish them frem multiple-aspect signals; but
even this does not hold good with the  proceed ” (G) aspect,
and in view of the varied interpretations to be placed on G in
manual block territory it is cssential that this type of signal
should be clearly defined.

The problem is a difficult one to meet both cconomically and
clearly by lighting alone, and it is therefore proposed that the
best solution is to retain the arms.

This propesal has the following advantages :—

{a) No interfcrence with the normal balance of the signal.

{b) Obviates having to provide indicators for those signals
a rear view of which is obtainable from the cabin.

(¢} Tsaclear indication by day that manual block working
and the consequent rules and regulations are in force.

tdy Costs nothing for additional equipment.

The disadvantage is that, gencrally speaking, the arm is not
available as a night indication. This, however, need not be
regarded as serious, since experience in other and similar directions
has shown that a driver leamns his road and signals by day and
remembers the conditions at night, e.g., diamend and D signs,
unlighted notices, and particularly the red light at onc time
used for the “ on 7 indication of a distant signal.

The next point to be observed is that in order to avoid the
misleading sequence of aspects shown by diagram 1, appendix
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E, the operation of rule 40 () should be electrically enforced
by the provision of a short track circuit or check contact outside
the home signal. Tt dees not appear necessary to extend this
control to intermediate signals where they occur between the
home and starting signals.

Referring to appendix C, in the right hand column will be found
the manual block equivalents of the various aspects of multiple-
aspect signalling and the following examples call for comment.

No, 11, Where co-acting arms are provided, it will generally
‘he unnccessary to provide an electric lamp in the top arm.

No, 12, Is an aspect which is disappearing as the
colour of distant lights is changed.

No. 13, This is in direct conflict with the call-on aspect
of multiple-aspect signalling (see Nos. 125, 126 and 127), and
should not therefore be perpetuated. VFortunately an  casy
solution is available, and that is to switch out the light in the
distant signal when the top light is red, as when this is displayed
it is immaterial to a driver what the aspect of signals ahead may
be. Immediately the top arm is lowered and changes to green,
Y or G should come up below.

Note —Consideration should also be given to the adoption of this
principle in connection with ordinary oil-lighted lamps.

At the present time the change to the yellow light has introduced
& very real difficulty by reason of the much higher transmission vaiue
of the yellow glass. The comparative brilliance of the latter tends
to obscure the red lght above and, as this introduces a risk that drivers
nay pass a danger signal, complaints have been received, An attempt
has been madc temporarily to meet the diifienlty by reducing con-
siderably the size of the yellow spectacle glass,

It appears that a better solution following on the lines advocated
above would be to provide a shield or blinder which would obscure
the yellow light when the top arm is at danger, {.e, red,

No. 14. The suggestions relative to Nos. 11 and 13 both
apply in this case.

No. 20. To be provided with auntomatic detonator placer,
arranged to put a detonator on the rail in the event of light
failure.

Ne. 21, Double yellow in its application te co-acting arms
should not be permitted.

As a general rule the remarks relative to No. 11 would apply.

Ne. 22, This aspect is frequently met with and does not
conflict with any proposed aspect.

No. 23.  As No. 12

“w i

on
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No. 24. Must never be perpetuated where electric lamps
arc provided, the spectacle being reglazed vellow as in No. 20,

No. 25. As No. 11.

Nos. 30/34, Serve to illustrate the varying values of green
in manual block; whilst all mean * proceed,” the length of
territory to which this permission applics is quite indefinite.

Nos. 40441,  With the introduction of Rf{y) as the standard
call-on aspeet in multiple-aspect signalling, it appears highly
desitable to conform to this for manual block operation, in which
casc, the “ C” on the illuminated screen would no longer be
NCCESSATy.

Nos. 42/43, 44/45. To remain as at present, with relafive
letter on illuminated screen.

Nos. 40/42/44. It is proposed that no normal light be shown
in the subsidiary arms, mainly owing to the diffieulty in finding
a suitable colour,

If white were used there would ne doubt be a repetiticn of
the cxperience of the London Midland and Scottish Railway at
Manchester, where it was interpreted as yellow or green,  If red
were used, it would appear to be a marker light leading a driver
to mistake the signal for a multiple-aspect signal and thereby
interpret incorrectly the green aspect of the top arm.

Bricily summarised, the following requirements are desirable
in applying electric lamps of high beam candle power to manual
block signalling.

{(a) Signal arms to be retained.

(b} Compulsory rule 40 at home signals.

{¢) Lamp in top arm(s), generally unncccssary with
co-acting arms.

{d) Distant “on " to be yellow,

fe) Where a “ distant " signal is lixed below a “ stop ™
signal, the light in the former to be switched cut whern the
“ stop ™ signal is  on.”’ )

) Automatic detonator placers to be provided at isolated
distant signals.

{g) Call-on aspect to be R/(v) with approach control and
no normal light,

{h) Normal light to be dispensed with in subsidiary signals
Wand S.

Note ——The application of (¢} and {g) to ordinary semaphore signalling

is deserving of consideration.
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(2) Replucing individual semaphore signals by complete signals
of the colowr Hght ty pe.

[t will at once be appreciated that, contrary to No, (1), there
is no difference n construction whereby such signals may be
distinguished from colour Hght signals used as multiple-aspect
signals. This is where great care is essential fo ensure that
conflicting aspects are not given.

It has already been laid down that multiple-aspect signals
will carry marker lights in contradistinction to manual block
signals. This, however, does not apply fo the * procced”
aspect.

It is therefore proposed to deal first with the three main
signals in manual block opcration, iz :—distant, bome, and
starting signals, and then by means of diagrams te show the
method of application.

Distant signal. The standard colours for this signal are :—
yellow—caution, and green-—proceed ; these agree with the
aspects shown in appendix C, Nos. 20/32,

The distinction from multiple-aspect signalling is given when

On—Dby the absence of the marker light.
Off—no distinction is considered necessary. See remarks
under * proceed ' indication.

The automatic detonater placer will be necessary {or reasons
already quoted.

A very valuable addition which can be made is a third-aspect
R, used only when a train is between the distant and home signal,
and serving to protect that train against a lollowing one which
may improperly enter the section.

Home signal. The standard colours for this signal arc red—
stop, and green—proceed, the latter being given even though
the starting signal (where such exists} is at ** danger.”

Here the comparison between the two systemns of signalling
utterly breaks down,

It wonld cqually be wrong to adopt yellow as the “ off ”
indication of the home signal, as with all signals “ off ¥ and
the “ distant ” showing clear, a driver would unnecessarily be
checked at the home signal; the conclusion, therefore, must
be that whenever a home signal is converted to the colour light
type it should be capable of showing af least three aspocts, viz.,
R ot Y or G, the additional expense of which weuld amply be
repaid by the additional facilities thereby given.
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This decision would result in the addition of the marker
light, making the aspects R/R, Y/R, G, and possibly R/(y) if a
call-on signal is required.

Starting signal. The present standard colours {or this signal,
s.e., R and G, are as lor the home signal and, assuming that no
advance starter is ahcead or distant for the next cabin below it,
these colours can be repeated as a colour light signal without
fear of any misinterpretation.

Application io actual exemples,  On appendix J will be found
a series of diagrams illustrating the application of colour light
signals to a munber of typical examples.

Fig. 1. Provide C/L distant signal.

Requivements 1—-
Yellow—Normal aspect.
Red—When train between signals Nos, 1 and 2.
Green—When signals 2 and 3 both * off.”

Diagram 2. Where due to bad sight, such as an overbridge,
it is desired to cenvert the home signal No. 2 to colour light type,
this would usually be done by method No. (1}, ¢.e., by adding
electric lamp(s), modifying the signal construction to suil and
obscrving any of the relative requirements (a) to (h) on previous
pages.

Diagram 8. Where it is decided to convert all signals to
colour light type, every effort should he made to provide braking
distance between successive signals.

No. 2 becomes a three-aspect signal with marker light ; the
fatter is also added to No. 1 {staggered).

Where braking distance is insufiicient between Nos. 2 and 3
the sequence of aspects will be -~

No. 3 at R,

No. 2 at R until check contact roached 200 vards from
signal when Y is given.

No.1at¥.

Where braking distance is sufficient belween Nos. 2 and 3 the

sequence of aspects will be
XNo. 3at R,
No. 2at V.
No. 1 at G, a clear gain of 3-mile unchecked running.

It will be scen that a train can therefore run at speed up to No.
2, being checked by Y at that signal to sfop at No. 3. If the
previous train has come to a stand just inside that signal, the
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two trains could approach much closer than is desirable although
block working is in force,

This draws attention to a very important fact, namely, that
cven in manual block territory, where block clearance is a matter
for the signalman to govern when applying his standard
regulations, it is further necessary to arrange an overlap (which
can take the form of an overrun) beyond any signals other than the
home signal which are full braking distance apart. This overrun
must he based on the formula 13—8 before referred to, and in
conjunction with this an instruction should be given that, in
foggy weather, the home signal must be maintained at danger
until it is clearly seen that the speed of the train has been reduced.

Where tull brake overlaps arc provided at each signal as part of
the installation the above fogging regulation would not be reguired.

Diagram 4. In order to provide braking distance between
signals Nos. 2 and 3 in diagram 3, it would usually be best to move
the starting signal No, 3 far enough forward, track circnit being
provided between it and Neo. 2; but if, duc to a level crossing
or to a similar cause, the starter cannot so be moved, then it
becomes necessary to move back the home and distant signals
Nos. 1 and 2 correspondingly.

Diagram 5. Iilustrates a case where the distant signal
lor the next cabin in advance comes on the starting signal No. 3.

It is assumed that there is full braking distance from this
distant signal to its relative home signal, but less than braking
distance between signals Nos. 2 and 3.

In these circumstances No. 8 becomes a three-aspect signal,
but does not carry a marker light (see definition) as it leads to
manual block territory.

The sequence of aspects will be as follows :—

No. 3 at R,

Ne. 2 at R mtil check contacé reached 200 yards from
signal, when Y is given.

No. 1at¥.

No. 3at Y.
No. 2 at G.
No. 1 at G.

Diagram 6. Tllustrates a case where inner and outer distants
for the box ahead are fixed respectively on the starter and home
signals,

7
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It is assumed that there is full braking distance from the onter
distant signal to its relative home signal, but less than braking
distance between signals Nos. 2 and 3.

In these circumstances No. 2 becomes a four-aspect signal,
the sequence of aspects being as follows :—

Ne. 3 at R (sequenice as diagram 5).
No. 3at Y,

No. 2 at Y/Y.

No. 1 at G.

Diagram 7. [If, as in short scction working, there is loss than
braking distance from the outer distant signal underneath
home signal No. 2, diagram &, an atiempt shonld be made to
re-position the signals so as to provide this. Where this cannot
be done five-aspect signalling must be introduced, and the
sequence is as follows :—

No. JatR
No 2at¥Y or sequence as diagrams 5 and 8.
No. latY/Y

These alternatives are determined largely by the actual
distance between signals Nos. 2 and 3 and the amount of overlap
which can be given beyond No. 8.

No Gat¥.
No. 2 at Y|Y.
No. 1 at Y/G.

1t will be apparent from the above examples that in applying
multiple-aspect signals to interlockings, every effort should
be made to arrange their positions braking distance apart. Where
this cannot be done braking distance should, as lar as possible,
be given between alternate signals, in other words, snch signals
should always be fixed in velation to braking distance vather than i»
relation Io comnections which they may be protecting.

Passing from Manual Block to Multiple-Aspect
Signalling and Vice-Versa.

A number of engincers hold the opinion that the day will
soon come when it will be necessary to mark in some way the
boundaries of the territory covered by the above distinet systems
of signalling, so that a driver can say figuratively that he is
stepping from ene to the other.

As it has already been peinted out, provided that all signals
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are at “ proceed it is immaterial what the system Is.  Only
when a driver is required to slow down or stop is it necessary to
indicate to him the system by which he is controlled. The
presence or absence of the marker light provides this distinction,
as will be shown.
The arrangement is correct in principle, as has been seen —
Y/R refers to next signal only
Y refers to next signal and any others bevond,
therefore failure of the red light only extends the cautionary
control ; in other words, Y/IR Is * definite,” but Y by itself is
“ indefinite,”
It hag already been laid down that a marker light shall not
be provided on a multiple-aspect signal leading to manual Plock
territory, therefore the following distinction is obtained.

Paasing from Manual Block to Multiple-Aspect.

According to circumstances, the caoticnary aspect may be
separate (figure 1) or combined with the rear M.B. signal (figure
2}, see appendix K.

In both cases the presence of the marker light on the trans-
position signal is a clear indication that multiple-aspect territory
is being entercd and that green, when given, hag a definife value.

An alternative to figure 2 is to fix the cautionary aspect as a
colour light unit under a semaphore arm as shown by figure 3.

This, while not so straightforward as figure 2, may cnable
considerable saving to be made where the top arm is a detected
signal, as the existing mechanical detection can remain,

The installation requirements arc that when the top arm is
“on,” out.” When the top arm is

I

on,” the colour light unit is
lowered the top red light is blanked out, and the necessary
cautionary or clear signal is given by the colour light unit.
A marker light is required to correspond with the arrangement
in figures 1 and 2.

Passing from Multiple-Aspect to Manual Block.
in this direction also, according to circumstances, the
cautionary aspect may be separate {figure 4} or combined with
the rear multiple-aspect signal(s) according to the available
braking distance (figure 5).
In both cases the advent of the solitary yellow in the mannal
block cantionary signal is a clear indication of approach to a two-
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‘

aspect “stop 7 signal, the green indication of which, when
given on the train approaching within 200 yards of it, has an
indefinite value,

Conclusion.
This paper has not been written in any spirit of idealism, as
something to be read, commented on, and then laid aside for
possible use in the distant future.

On the contrary, it has been written in an endeavour to supply
the answers fo a large number of problems which are pressing
to-day as a result of efforts successfully to apply colonr light
signalling to the varying conditions met with in railway operation.

The proposals are the result of very considerable study of the
problem in its broadest outline, developed as a result of observation
during an American trip and applied o British conditions.

They arc therefore definite recommendations for immediate
adoption, and it is submitted that, if adopted in full, they form
a comprehensive and logical pelicy in the development of ** signal-
ing 7 in its most modern form.

There is no doubt in the writer's mind but that the colour light
signal will soon supersede the semaphore as the point is rapidly
being approached where it becomes an economic possibility
to introduce it in carrying out ordinary renewals. 3o as soon as
this stage is rcached the changeover will be very rapid; it is
therefore highly desirable and, in fact, essential, that its in-
troduction shall be based on a defined plan which will improve
track capacity, considerably increase both efficiency and safety,
and also avold all ambiguity between two differing methods of
signalling.

ATPENRDIX DB.
INSTITUTTON OF RATEWAY SIGNAL ENGINEERS.

Terms of reference to the Comumitiee on ‘Lhree-pesition Signalling,
appeinted by the Council on March 29th, 1922,

1. To cemsider and reporl whether in view of the weight, speed and
braking disltance of (a) goods trains, (b} express passcnger trainms, {c)
suburban passenget trains, (d) electric passenger irains, any advantage
wauld be gained by the adoption of a third indication obtainable by a
system of {hree-position signalling.
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2, To consider and define the most suitable aspects of Lhree-position
signals as applied to through running lraffic (e) by day, (f) by night, in
order to indicate unmistakably the exact condition of the next signal
ahead withont possibility of being interpreted in a less rostriclive manner
than intended.

3. To consider and define the most suitable aspects of three-position
signals as applied to diverging movements at junclions (g} by day, (h}
by night, in order to indicate unmistakably the geographical direction
ol the route sel up—ihe speed to be observed—withoul possibility nf
being interpreted in a loss restrictive menner than intended.

4. Mo consider and report whether ihe indications should be given
by the relative position of arms in a horizontal group (on scparate posts)
or by arms placed one above ihe other in a vertical group {on the same
post).

APPLENDIX 1),
MINISTRY OF TRANSPORT REQUIREMENTS (1928).

Batracts velgtive to signaliing which ave vefovved lo ov are
modified by the vecommendations of vepovi.

At diverging junctions, ene " distant ' signal only should be provided,
worked for the junction line over which the highest speed is permissible,
unless in exceptional eircumstances more are essential,

Where special cirenmstances, e.g., permancnt speed restriction, justify
the adoplion of an anworked signad, it should he secured in the warning
position and net coupled up or duplicated for directing purposes.

At diverging junctions, a separate romning signal will be necessary
for each divection of movement.

At diverging junctions, brackel signals are preferred to signals carried
on separate posts, unless there arc reasoms to the contrary.

A special lype of shunting signal for wrong line movement is not
considered necessary.  In cases where it is not possible to turn the move-
ment in (he right direction on to a running line by reversing a cross-over,
ar on to a siding by reversing the poinis an indication, visible by night and
day, of the limit of such movement will meet the case.

With semaphore signalling, indications for * calling-on”’ movements
to be given by a small arm carried ander the relalive “ stop " arm. By
night, a white light te be shown in normal position, and the light authorising
the ** ealling-on ” mavement to be green. . Calling-on * signals Lo be nsed
only for the specific purposs of indicating to a driver, either that the line
between the '* calling on’* signal and the next “ stop ' signal (or buffer
slop, whea there is no * stop’ signal in advance) is occupied, or that
he is required to stop lor instructions at the signal box ahead.
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“ Stop " signals when working automatically under the “ stop and
procecd ' regulation should be distinguished by the letter A" In the
case of controlled signals, when working automatically the letier A
should be visible both by night and by day, and should be obscured when
the “ step and proceed ” regulation does not apply.

Light signals of an approved type shoukl be used, in place of sema-
phores, for three- or more aspect signalling. They may also be used for
two-aspect signalling.

Front lights of all running signals to be red for danger, yellow for caution
{including the warning posilion of ** distant "’ signals), and green [or clear.

For two-position shunting signals, the normal light indicalion may be
cither red or yellew. ‘The red light to be used only when it is necessary
to indicate that the signal is nol to Le passed without special permission,
unless it is in the ' clear ” posilion. In other cases yeilow 10 be used.
In the case of shunt ahcad signals, ete., carvied under running arms, the
lights used to be the same as those for * calling-on * signals, with lettering
as necessary.

The arms of all stop signals, and the “ danger” ov “on’ aspect
exhibited by all light signals, which cannot readily be scon by the signalman,
and the arms of all © distant ™ signals, to be repeated in the signal-box
from which they are worked. It is desirable that the lights of all sema-
phore “ stop’ and " disfant 7 signals upon important lines with high
speed traffic, should be repeated, unless either the Iront or back lights can
readily be seen {rom an adjacent signal-box.

A red light to be used by night to define the position of buffer stops
at the termination of platform arrival lines.

INTRODUCTORY REMARKS,

The Chairman, at the opening of the meeting, on behalf
of the members of the Tastitute of Trausport, offered a hearty
welcome te the members of the Institution of Railway Signal
Engineers, and, in particular, to Mr. C. Carslake their President.
It was a happy suggestion that the (wo bodies, which were
intercsted in common in matters such as signalling, should meet
together and pool the experience of those who were primarily
concerned with signalling in its technical aspeets with that of
those who perhaps had to sufler under signalling in its practical
aspects as ratlwaymen,

The discussion that evening was to be introduced by a paper
by Mr. A. F. Bound, the Signalling Engineer to the London,
Midland and Scottish Railway, who occupied the most eminent
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position which could be attained by any railway signal engineer
n this conntry, being directly responsible for the signalling of
the London, Midland and Scottish Railway.

The present was perhaps a particuiarly opportunc time to
discuss the subject, since signalling was passing through a stage
of transition from the old-fashioned types of signal to the new,
and when there were many problems which needed consideration
and—-which was even more difficult than consideration—nceded
prempt decision. Mr. Bound brought forward in his paper
many problems which necded immediate decision in order that
standards might be adopted for usc and development in con-
junction with the English railway systems.

At the outset, however, Mr. Pick humorously ohserved that
he wished to disscciate himself from the paper, becausc he had
looked at it as an Undergreynd man and he found that the Undex-
ground system was swept aside with a fow very curt and brief
references.  Mr. Bound scemed io think that all that was
necessary on the Underground system was a simple one-light
arrangement with red for stop and green for go, whereas even
Oxford Street had a vellow cautionary light !

DISCUSSION.

The Chairman (Mr. Frank Pick), said ihe Author had
deseribed his paper as but a stage towards the development of
a final systemn of signalling, and it was valuable to see how, stage
by stage, progress was made from simple to complex and then
once more, as things sctifed down, from complex to simple,
because in the end a signallng system must become something
quite simple and be readily understandable even by those who
were not conversant with its technical details,

He thanked the Author for the pains he had taken in
preparing the paper so that all might share in the experience
which came to those who were fortunate in being placed in
positions of tesponsibility in having to carry forward the
development of signalling,  Personally, he did net propesc
to venturc on any criticisms ol or comments on the paper, since
he was unable to procced in those technical ficlds with safety ;
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but it gave him great pleasure to propose a vote of thanks to the
Author, which he would ask Mr, Carslake to sccond,

Mr. C. Carslake, President of the Institution of Railway
Signal Engineers, in scconding the vote of thanks described the
paper as the finest treatise on multiple-aspect signalling which
had yet been produced. It was of particular interest to him
personally because in his recent Presidential Address he had
definitely referred to the desirability ol tabulating recommenda-
tions as to the lines on which colour light signalling shonld
develop in this couniry and he had suggested that the Institution
of Railway Signal Engincers—which prepared the original report
on three position signalling—was a fitting body to formulate the
moere ambitious preposals.

The Author's contribution would be a valuable addition to
the Proceedings of the Imstitute of Transport and of the [n-
stitution of Railway Signal Engincers for the reason that it
containcd concrete proposals for dealing with practicaily cvery
railway signalling condition that was likely to be met in this
country.

T 1915 Mr. Bound had read a paper belfore the Institution of
Railway Signal Engineers entitled, “ A review ol the art of
signalling and some suggestions.” At that time it had not only
created a great deal of discussion and somc controversy, but it
had been necessary to have two meetings to deal with it fully.
Some of the suggestions he then put lorward were regarded as
revelutionary but to-day they were commonplace practice. Tt
was quite probable that the proposals outlined in this second
paper would be standard practice in a few years time.

The present joint meeting was the first of its kind, but it was
obviously so successful that he sincerely hoped further mectings
of the two bodies would be held in future.

The vote of thanks was then put and carried with acclamation.

Colonel A. H. L. Mount opcning the discnssion said he had
heard it whispered that he was expected to launch out on a
criticism of the Author’s proposals, but railway officers would
know that he never criticised. He had certain opinions which
he endeavoured to ventilate or impress on others, but he would
not ¢ross swords with any of the eminent signal engineers present
whose skill and efficiency he appreciated.

It was in that light that he viewed the valuable paper pre-
sented by Mr, Bound. It was obviously the result of the Author’s
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experiences in America, and it sct out clearly his apparent
intentions.  There were many controversial points in the paper,
but it came at an oppertune time.  While he did not propose to
be controversial, he joined issue with the Author's implied
criticism n the passage which read: ** This is where the
Americans have been fortunate, as they are not hampered by
tradition nor have they the conservatism of the British.” Later
in the paper, the Auathor complained that the older school of
thought had had matiers much too mnuch theiv own way., He
{the speaker) doubted whether we in this country really had a
great deal to leam from other countries, where conditions were
very different.  We should be wise if we worked out our own
salvation. While anxious to be receptive of new ideas, he hoped
those concerned with signalling would remain, if not conservative,
at any rate true to their traditions, which had surely been
simplicity first and foremost, the primary constderation being
“ What does the driver want to knew to enable him to run at
maximim applicable speed ? 7 Further, ™ What is the safest,
most efficient, least confusing and cheapest way of giving him
the message he requires ¢ ™

He expressed his agreement with the Aunthor’s opening
statement, namely, that one of the most pressing needs in the
modern signalling world appeared to be seme greater co-ordination.
There was no doubt that the time was rapidly approaching when
a disenssion should be initiated by the four main line companies
with a view ta obtaining uniformity of principles and an adequate
degree of standardisation of colour light codes in mnltiple-aspect
signalling.  As was said in the very apposite remark by Mr,
Rudd, of the Pennsvlvania Railroad, which was quoted in the
paper, ** a given signal aspect must fransmit the same information
at all times, at all places, and under all conditions.”  He thought
it would be agreed that that was of fundamental importance.

Mr. W. Challis said the President of the Institute of Transport
had referred to the fact that the Author passed over very quickly
the signalling on the Underground Railways. Personally, he
wotld go a step fwrther and say the Author had also passed
over all the railway signalling in this commiry !

The Author had referred to the fact that in 1923 the Great
Central Railway installed three-aspect signalling  between
Marylebone and Neasden. Ile believed that had given entire
satisfaction. It was deliberated upon by the Committec on



106 RAILWAY COLOUR LIGHT SIGNALLING 1IN RELATION
TQ MANUAL BLOCK AND MULTITLE ASPECT SIGNALS.

Three-position Signalling, and, as there were four members
on that Committee who had large expenience on the Undergroand
Railways, it might be sald that three-aspect signalling was
built up primarily frem two-aspect signalling, namely, a re-
peater signal under each stop signal in the rear; it was in cifect
three-aspect signalling.

‘When referring to Appendix E, diagram 2, the Anthor had
stated that the red aspect of the repeater wonld nover be scen
by the driver in normal working, but that a red aspeet would be
shown when approached after a driver had passed a vear stop
signal under the one-minute or other time rule ; yet on the right
hand side of that diagram the Auther gave a three-aspeet signal
showing a single yellow and the two-aspect a red.  He asked for
a turther explanation on that point as it might be he had not
understood the diagram, The diagram gave 1,700 yards between
each three-aspect signal, and the Author claimed that, with a
two-aspect repeater signal 700 yards ahead of the three-aspect,
the driver could proceed unchecked an additional 700 vards ;
he had also stated that 1,000 yards could be taken as an absolute
overlap. If that were so, then with three-aspect signals placed
1,000 vards apart, 6 signals would be required in the distance
in guestion, which would total 18 aspeets, while the Author’s
scheme required 20 aspects, and if the speaker understood
the position correctly the capacity ol the line would not be as
much under the Author’s scheme as under the other,

On March 21st, 1928, the Southern Railway installed four-
aspect signalling from Holborn to Elephant and Castle, and on
TJune 27th of the same year botween Charing Cress, Cannon
Street and Borough Market, and subscquently a vast signalling
installation at London Bridge, all with four-aspect signalling,
and later again to New Cross and 5t John's; further, the
company was installing three and four-aspect signals mixed up
together for another hundred track mniles.  He suggested that the
knowledge the Southern Railway officers and enginemen had
obtained in those six years, proved that a good system of signalling
had been provided.

The Author had also recommended a complete overlap,
That might be clficacieus where train centrol existed. The
Auather had mentioned that a driver might miss a light, and on
reaching the next signal {ind it at rod, and had suggested that the
driver should have an overlap sufficient for him to pull up when
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travelling at his highest rate of speed. He (the speaker) thought
that if the driver missed one signal he might miss the next one,
and he did net believe an absolute overlap was of any use what-
ever unless there was compiete train control, or at least a warning.

He agreed with the Author's contention that arms should be
retained on manual worked signals ; that practice would be of
great help as a distinguishing mark between multiple-aspect
signals and manual signals. At the same time there might be
cases, as had happened once or twice in his experience, where
there was not room to put a semaphore arm, as for instance
under a bridge.

Mr. F. Bushrod said he rcgarded the paper as very valuable,
in that it set out present practice in this country and modern
practice in America, and thus gave a starting point from which
it was possible to build up in the future. There conld be no question
that colour light signalling had come to stay. Whether that
colour light sigmalling was of the three, four or five aspect type
was a matter for the luture, but speaking from his experience
as a traflic man, and of three and four colour light aspects, he could
not see that any case had been made out for anything beyond
four aspects. The Author might be right in advocating five,
but it would be Interesting to have some illustration ol the need
which called forth the five-aspect system in America.

With respect to speed signalling, to which the Anthor had
directed attention, the speaker could not profess to have read
the paper so carefully or to have studicd the question ol speed
signalling so closcly as to be able to speak conclusively as to its
value. At first blush it struck one as somewhai complex. It
would be of interest to hear from the Author as to its value in
America ; certainly at first sight its value was not apparcnt.

The Author had referred to the line of demarcation between
the present mechanical systems and colour light systems, and
he (the speaker) agreed that socner or later that problem would
need to be solved. Whether the marker light was the right way
of dealing with it might be questioned, because it would be seen
from the appropriate diagram that when the colour light was
green the marker light disappearcd, which scemed to him to be
extraordinary ; it meant that, in the case of restrictive lights,
the driver was given an Indication of the type of signal he was
approaching, but when he was given an unrestricted signal
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that indication was not afforded ; vet to a traffic officer that was
the only time when it was wanted.

He would like to express the hope that, as a result of the
present 1meeting, an opportunity for furtber discussion would be
afforded, possibly in a more restricted arca, because it was
obvious that so vast a preblem required very close application.
He jelt that, following the submission of the paper, it might be
possible Lo see more daylight on all the problems which it pre-
sented, and from that point ol view the Author was to be con-
gratulated on the close attention he had given to the subject
and on the food for thought he had provided.

Mr. A. Moss said the Author undoubtcdly had given all
those concerned with railway signalling much Lo think about ;
whilst there were many points upon which il was impossible to
disagree there were certain features upon which opinion might
not be unanimous. It was vitally necessary to distinguish
between colour light signals used in mannal block territory and
multiple-aspect territory.  The practice of replacing mechanically
operated signals by colour light signals in difficult locations was
beconiing more frequent and any extension of multiple-aspect
signalling in proximity thereto was almost sure io lcad to mis-
understanding unlass some means of differentiation were adopted.

The Author had expressed the view that approach lighting
would be the means of enabling colour light signals to be adopted
more widely in the future. In certain Instances that might be
50, but it must not be overlooked that the maximum benefit to
be derived from approach lighting was dependent upon an
infrequent service of trains. In such cases there would appear
to be no necessity to alter the signalling on the score of increasing
line capacity ; therefore, the cost entailed in installing an
approach lighted colour light signal would have to be set against
the bare cost of renewing the cxisting arrangement, and this
might not be found in practice to be so remunerative as was
anticipated.

On the saggested arrangement of protective controlled colowr
light signals the Author seemed to have departed, in certain
conditions, from the principle of a fouling movement having
the protection of two red indications. The speaker considered
that for uniformity it might be advaniagcous always to adopt
the principle outlined in disgram 8, Appendix E, sheet 2, the
controls being varied in accordance with the type of block in use.
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Under this arrangement, all junctions would have “free ”
acceptance at all times, the only variant being that, during fog
trains would need to be kept at the cuter signal No. 2. The
propcsal to use detonator placers In conjuction with isolated
colour light distant signals raised the question of the replacement
of the detonator when a lamp had failed and the apparatus had
functioned. Cascs were not unknown of the apparatus being
minus the detonator, in which contingency the warning would
not be available.

He considered the Author said some very hard things about the
antagonists ol speed signalling ; hitherto the protagonists had
never put lorward a scheme wholly acceptable,  Now, however,
the Anthor “ sugared the pill ”' by combining routing with speed
indications and thereby climinated the main objections previously
held against “ speed * signalling,

The examples given in Appendix I, diagrams 1 to 4, showed
very clearly the general application of the principle, although
diagram 1 appeared to require amendment to obviate a high
speed ““ green 7 indication leading up to a indication.

e '

red’

Mr. G. H. Crook said the members oi the Institution of
Railway Signal Engineers, at all ovents, knew cxactly what his
opinions were on the subject under discussion. He wished to
congratulate the Author on his great achievement i trying to
set out the anomalies, the inconsistencies and the limitations
ol some of the present systemns and to reduce them to a sane and
logical order. Tt was a formidable task, and the Author had
rendered the signalling world, and indeed the railway world in
general, a great service,

One or two speakers had already referred in some detail to
the great bogey of the line of demarcation between the two
systems. He had had some ten or eleven years’ practical ex-
pericnce on speed signalling, and he was inclined to think, in the
words of an old saying, that an ounce of practice was worth a
ton of theory. When speed signalling was introduced on the
line with which he was associated, there were exhibited notice
beards inscribed ** Entering Three-Position Territory © and
“ Entering Two-Position Territory.”” Ultimately those boards
became very dirty and illegible, and the traffic and locomotive
departments were asked whether they should be repainted ;
the answer was ** No, take them away.”
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‘Fhe position he took up was that the first thought should be
for the drivers, and anything that could be done te help them
was the primary duty of signal engineers. The driver’s work
had become much more onerous in recent years, with lfonger
journeys, heavier trains and higher speeds, but worst of all the
aspects at junctions and other places tended, with the expansion
of railway facilitics, to become more complicated. From that
point of view he had every sympathy with the Author in his
efforts towards simplification.

It would take too long to comment on the details of the
scheme.  The paper needed thorongh study and, although he
had no great liking for committees, he hoped faciiitics would be
provided for the further consideration of the paper.

ITe had been amused by what the Author had said about
the Comunittee on Three-position Signalling, e believed
that apart from the gentleman who signed the minority report,
he was the only one who had bad the courage to sav anything
against it.

He did nol wish the Author to regard his remarks as other
than highly complimentary. Personally, he disliked the term
“multiple aspect 7 ; he thought it was simply an eve and ear
catching term, and a complete misnomer.  What rcally was in-
tended was " progressive  signalling.  Mulliple aspects had
always existed ; the bughbear of the system had been multiplicity
of aspects. One had only to go to Piccadilly Circus to see multiple
aspects.

He thought the Author had had a little difficulty in trying to
circumvent that contradictory aspect of red over yellow. It
was most unfortunate ; it scemed to him to be one of the legacics
banded down as the result of an unbalanced psychological period
which followed soon after the war. The aspect was radically
wrong, There were two lights ; one indicated “ Stop 7 and the
other said “ Go . The change to the yellow light was correct
and defensible in regard 1o the isolated distant signal, but should
never have been carried ont in regard to combined home and
distant signals. He thought it was quite wrong, and much money
had been wasted in making that change.

When referring to marker lights, the Author had mentioned
the onc or two minule rule, The marker light apparently
signified o permissive aspect and allowed tbe driver to pass
after a stop of one or two minutes. He asked, why one or two
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minutes ¢ Why not stop and then proceed ¢ How the driver did
count one or two minutes ! It was not a matter of time; if
he stopped, that was sufficient. He (the spcaker) would be
more revolutionary.

The Author had also had to face thal mest difficult question
of fog and fog working. There was only one solution for that,
namely, automatic train contrel in some form or other.

Using the Author's own term of multiple-aspect signalling, it
really amounted to a more equal splitting up of the block sections,
giving equal space, or rather, in modern language, equal times.
It was often possible to learn somcthing from some of the older
sclenees, and a rather interesting and beautiful parallel occurred
to him from the realm of music, In the old world scales, the
progressions from one tone to another were very creatic. One of
those old scales, as a matter of fact, dated from the time of
Pythagoras, about B.C. 500. This was continued, among others,
for very many years, and it made orchestration very difficult
in reinote keys in consequence of the unequal intervals.  Bach,
who was both a mathematictan and a musician, solved the
problem by making these tone intervals of equal value. That
was exactly what the Author was trving to do with multiple-
aspect signalling.

With respect to the speed signalling ol junctions, in the case
of a junction with three converging lines there might be a normal
speed of anything up to 90 or 100 miles an hour, if the locomotive
could do it, and there would be a green light. The signal for a
train coming off the branch at 25 miles an hour would show a
green light, and the signal for a train coming cut of a siding at
10 miles an hour showed a green light.  They all showed the same
green light. The great advantage of a speed signalling system
of the character the Author had described was that for all those
comverging movements there would be a fairly definite speed
value indicated to the driver, and the speaker thoughtl that
was of very great value.

In the case of distant signals, it did seem somewhat jllogical
to give the driver information regarding divergence at a mile
away from the junction point. The problem was further com-
plicated where there were one or more home signals intervening
between the splitting distants and the actual junction, becausc
first one had a directional signal, then a unidirectional signal,
then perhaps another unidirecticnal signal and then a splitting
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signal which was directional. The whole situation was com-
plicated but he believed it could be simplificd under the systemn
of signalling proposcd.

Lven speed signallers were likely to look at the same subject
differently, and as the Author had been to America recently it
was possible he was a little more up-io-date than the speaker
could claim te be.  Naturally, after some years on route signalling
one tended to become a rtoute signaller, in the letter if net in the
spirit.  He wished the Author suceess in the effort on which he
had cmbarked and, as he had gone practically 90 per cent. of the
way to the speed signaller’s heaven, he hoped he would ultimately
reach it

Mr. W. Wood szid that whatever might be the concensus
of opinion about the ethics of the paper, he thought electrical
engineers would agree that it was possible to equip all the aspects
clectrically ; the circuits—complicated as they were- were
quite practicable and safe and reliable results could be obtained,

One point concerncd the availability of clectricity at the
present time.  No doubt the Author had worked out in his cwn
mind how he would be able to obtain the necessary pewer for his
signals, and it was o he noted that he had very cleverly restricted
the aspects in areas where a cheap and abundant supply of
electricity was not obtainable.  The grid and its interconnectors
could not help for a very long time and, as main linc traction was
hanging lire, and it might be some while before it was an accom-
plished fact, there was not the advantage of electricity alongside
the track to tap in for the signalling arrangements.

It would help the Aulhor’s scheme if he could be sure of an
abundant supply of electricity at his varions locations, and he
had rightly had rceourse to what was known as approach lighting
from primary batteries. They were economically sound and
were working successlully. But primary battery maintenance
was very high, and in the working out of part ol the scheme
in guestion, he wondered whether the modern innovation of
small petrol units of, say, $-h.p., giving about 120 watts, was
not a very much cheaper propesition than primary batteries.
The cost per unit of primary batteries at a large number of these
focations was high and averaged about fifteen shillings, Petrol
sets, on the other hand, could be started by maintenance men
and knocked off automatically ; they had always the accumu-
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lator as a standby, and seemed astonishingly cheap in mainten-
ance. They were used iargely by the Post Office.

Mr. C. R. Byrom said the necessity for and value of the
paper was bound up in the last paragraph, which rcad : * the
colour light signal will soon supersede the semaphore, as the
peint is rapidly being approached where it becomes an cconomic
possibility to intraduce it in carrying out ordinary renewals.
So soon as this stage is reached the changeover will be very rapid ;
it is thercfore highly desirable and, in fact, essential, that its
introduction shall be based on a defined plan.”

As a trallic officer, he desired emphatically to express the view
that, in the interests of the railway companics of this country,
it was essential that traflic officers and signal engineers shounld
at once draw up an agreed standard system for what he would
still call multiple-aspect signalling,

There were many points in the paper which might be con-
troversial, but it contained {he basis of a sound standard system
of multiple-aspeet signalling, to go no further than that. Ie
was satisfled that agreement could be reached on these con-
troversial points.

Speed signalling was a subject which should be given the most
carnest attention and progress should be made with it so far as
it was possible to do so. It was undesirable to be too con-
servative in this country or to think it necessary to go to any
particular country for ideas.

The railways had a great deal to gain from the introduction
generally of a colour light system of signalling ; the use of such
signalling in fog would render possible the withdrawal of log
signalmen when traffic officers were satisfied as to the penstrating
power of the light signals. Carcful consideration would need
to be given by traffic alficers to the question of overlaps.

The Chairman said the President of the Tustitution of
Railway Signal Engineers had intimated te him that he thought
a further discussion in the more restricted field to which one
speaker had referred was desirable, and he would welcome to
the mecting of the Tnstitution of Railway Signal Engineers at
which that discussion would take place any traffic officers be-
longing to the Institute of Fransport who would like to attend
and take part.

As a layman, he did not carc to take part in the discussion,
but he had heen thinking that a simple system of signalling

8
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would be a series of single lamps ; green: proceed, two blocks
ahead clear; vellow: cantion, one block ahead clear; and
red: stop—a one-light indication with three aspects. If it
werc desired to go a stage further and have two lights, a double
indication, that would necessarily give five aspects, and he
believed a logical sequence there would be @ --two greens: four
blocks ahcad clear; green over yellow : three blocks ahead
clear ; two yvellows: two; vellow over red: one; two reds:
stop. That seemed to him perfectly simple and logical, and
he could not wnderstand why any confusion should arise; so
he was tempted, with all respect to signal engincers, to suggest
that, as a logical solution of the Rve-aspect signalling problem,
Loth systems gave a uniform spatial indication.  All that was
required was to define what was a ““block ” or (he minimum
distance between signals. Without any change in indication
the five-aspect signalling system enabled the driver to judge
his proper speed—ior green obvicusly permitted full speed by
reason of the considerable space ahcad that was clear.  Yellow
permitted only a checked speed and as soon as red appeared a
still more checked speed. The five-aspect signalling system
could be adapted to institute a check on speed at junctions, or
cven to establish temporary speed checks on running lines by a
kind of syncopation which cut out the green. There could be
little doubt that it represented a step in progress ol importance
and significance, and Mr. Bound was to he congratulated on
bringing it so lucidly and fully before the mecting,

COMMUNTCATIED DISCUSSION,

Mr. H. C. Walter : Some comments may be made on the
question of “ speed ' signalling.  Past practice in this country
has Dbeen in the direction of “route” signalling—as witness
the complicated forests of posts and semaphore arms at big
junctions—and this has been carried back to the distant signal
position, providing at that point as many arms as there were
at the actual junction, But in recent years, the custom has
been to provide onty one distant signal, which has been operated
{or the fast-running route but has been incapable of operation
tor diverging lines—thus, to an extent, the principle of * speed >
signalling hag been admitted.
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At present cutire responsibility is placed upon drivers—and
will be for many years to come ; for that reason they are expected
to know every inch of the road, by day or by night. Fixed
signals are a means of indicating to them the condition ahead ;
the information having been provided, it is the driver’s duty
to control the running ol his train accordingly. I the driver
is told on what route he is to run (by means of ““ route 7 signalling),
he may justifiably be expected to do the rest. Ii he is given
only a "“speed ” indication—admittedly vague—it seems that
the enginemen are not receiving all possible help. It may be
suggested, then, that * speed ” signalling i ¢ssentially wrong.

The introduction of colour light signalling seems to give a
wonderful opportunity for abelishing the necessity for a driver
passing at speed (as opposed to a calling-on or shunting movement)
a danger indication applicable to the road on which he finds
hirasell. Where speeds are slow, as when ontering a terminal
station, the principle has been adopted of pulling but one signal
for each line, coupled with a route indicator to shew which
platform road is to be used.

It would appear that very much the same thing should be
done for a high-speed running movement, using therefor two
or three * moonlight-white "' lights, according to the number
of routes, placed in a horizontal row.  The colour is used on the
French State Railways, I believe. These route-lights should
apply according to the route to be used—the left-hand light
lor the left-hand route, and so on—and should illuminate only
in combination with a yellow or green signal indication, whilst
the feed to the signal indication should pass through the route-
light. Thus, in casc of danger, a drver would see only one red
light applicable to his line. For ' caution > or * clear * he would
of necessity have hoth the signal-indication and the route-
indication ; or, in the case of light failure, nothing at all, as at
present ; this [ailure would of course, as at present, be repeated
in the signal box.

If it is considered essential to give the driver {urther warning
of hig diversion, this could be arranged—as it is now in certain
cases—by controlling the " clear ” indication by means of a short
approach track-circuit.

Tt is suggested that the above system would have the
advantages of simplicity, of cheapness (as compared with the
system outlined by Mr. Bound), and of giving the driver fuli
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information as to what is to happen to his train, whilst kaving
him to use his own intelligence according to circumstances and
having regard to any stunding instructions at the point con-
cerned.  The Ministry of Transport Reqguirements tonch on this
matter.

THE AUTHOR’S REPLY.

The Auathor, in reply, said it might well be that an apalogy
was due o Mr. Pick for the fact that, in Appendix €, the Under-
ground Railways had been dismissed with a red and 4 green Light ;
personally he had intended that should be regarded as a great
compliment, because if he had attempted to deseribe fully all
that they did for the speedy and sale working of traflic there
would have been little room for anything else in the paper; he
claimed, therefore. to have taken the only course possible by
disposing of the Underground Railwavs quickly and so leave
him to develop the subject of aspecls for mixed traffic operation.

Although Col. Mount intimated that he would not criticise
the paper, he had challenged the criticism therein of DBritish
comservatism.  He (the Author) was definitely of the opinion
that this conservatism had, fo some extent, hampered progress
and, whilst. agrecing thal we in this country had not a great
deal to lcarn from other countrics, we should nevertheless be
receptive ol their ideas, profit by their mistakes, and be prepared
to adapt and adopt anything that appeared to offer definite
advantages.

He trusted the apology he had already made to Mr. Pick
would satisfy Mr. Challis, who also had taken him to task for
his scanty reference fo the Underground Railways, but it was
certainiy inaccurate to say he had passed over all the signalling
in this country, seeing that every known aspect came divectly
or indircctly under review.

With reference to Appendix E., diagram 1 showed the
cautionary aspect 1,700 vds, plus the overlap to the rear of the
train, whilst in diagram 2 the corresponding signal was at green,
the cautionary aspect being 700 yds. plus overlap from the
obstruction, henee the claim for an additional 1,000 yds. unchecked
Tunning.

He was not awarc of any statement that 1,000 yds. could
be taken as an absolute overlap and the speaker's remarks
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appeared to show a misapprehension of the Author’s intentions.

The Southern Railway had every reason to be proud of their
threc and four aspect colour light system, the main variation
suggested by the paper is the addition of the marker light.

Mr. Bushrod was a traffic officer for whose wide knowledge
of railway operating the Author had the greatest respect.  Mr.
Bushrod said there had beoen no case up to the present on the
Southern Railway of multiple aspect colour light signalling
calling for mure than four aspects.

He (the Author) thought conditions were such generally
that five aspect signalling would be a rarity, but after all it was
entirely a question of braking distance and just as it was found,
in the carly days of three aspect signalling in this country, that
the situation of the Y did not always afford sufficient braking
distance and so called for a fourth aspect Y[V, so it may be
found, as the application dewelops, that the situation ol the
Y/Y may not invariably provide adequate braking distance for
trains fraveliing at the highest speeds ; therefore, in laying out
a complete system of signalling, it is necessary to take into
account all the possibilities which may oceur.

In regard to the proposal that the marker light should go out
when the signal shows grecn, he had tried to make his view
clear aithough it was not casy 1o do so.

Throughout the systom no lights are shown that do not
fulfil a useful and definite purpose. If all signals were at green
on, say, a journey from Waterloo to Southampton what help
would it be 1o a driver to tell him which was manual block and
which was multiple aspect territory ¢ They all mean the same
thing, namely, *“ proceed,” and with this knowledge all a driver
needs to know additionally is which stations he is to stop at, and
the location of various permanent speed restrictions.

It is not until he has to slow down by signal indication Y,
or stop by indication R, that it becomes nccessary for a driver
to know the type of signal he is obeying, and then it is clearly
denoted by Y/O or Y/R leading up te R/O or R/R, the former
indicating a distant signal just as it does to-day calling lor the
operation of Rule 40 at the home signal, which when turned
to green does nof mean next signal “ off,” whereas the latter
indicates a multiple aspect signal ahead which i turned to green
does mean next signal “ of .7

The psychological effect of keeping the red up when the
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aspect is green would be bad and it must be remembered that
to many of the older drivers this combination instinctively
means home “ off 7 distant * on.”

He {the Author) was very glad to note that Mr. Bushrod
agreed that sooner or later the problem of demarcation would
need to be solved, therefore the carlier this was attempted the
better.

He was pleased to hear the following speaker, Mr. Moss, say
he also was of this opinion,

He would like to emphasize the fact that the question of
approach lighting was entirely one of economics and once its
application and possibilities were accepted, no other factor
need be taken into account ; further, colour light signals of any
type would not be intreduced unless there was every good reason
for the installation and then it would be incumbent upon the
Signal Engineer to provide his railway with maximum facilitics
at minimum cost.

He was not aware of any delinite principle of a louling move-
ment having the protection of two red aspects, especially in
colour light territery, but he submitted that having regard to the
differing  conditions between clear and foggy weather, this
condition was met in the latter case, whilst giving flexibility of
operation in the former.

With refercnee to the detonater placer, he could only say
that if it was properly looked after it might reasonably be hoped
that, when the time came for it to be used, the detonator would
be in the machine. A drver exploding one, due to the light
being out, would stop and report the malfer at the sigmal cabin
and, until replaced and the light restored, the relative rules
would apply in the case of following trains.

He was indebted to Mr. Moss for calling attention to the
obvious error in Appendix F. diagram 1, where, in the first
example, Y instead of G should lead to signal D at R.

He certainly had looked to Mr. Crook for support and very
much appreciated the remarks he had made. He agreed with
Mr, Crook's critictsm of the term * multiple aspect ” which
wag probably duc to the fact that the average Englishman was
not too particular in the nomenclature which be used. No
doubt the term ** progressive aspect signalling 7 would give a
very much better idea of the aim of a system of signalling of the
character under discussion. He was .glad to note Mr. Crook’s
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comment relative to the present aspect RJY; it afforded an
cxample of how one might easily strain at a gnat and swallow
acamel ; if such a thing had been suggested in the paper, it might
conceivably have caused a rict.

On the subject of the one minute rule, he was of the opinion
that some such time interval was desirable as without it there
would be a tendency for drivers not to bring their trains actually
to a stand and the " stop " aspeet might consequently lose its
significance ; further, the cbligatory pausc provided a margin
for the line aheud to clear.

Mr. Crook relerred to speed signalling of juncticons relative
te “converging ' as distinct Ifrom  diverging ” movements.
No attempt had been made to provide for such cuses as the
speed reduction necessary is a permanent one and as such does
not call for signal indication.  If anything is needed an illum-
inated speed lamp is the solution.

He wished to emphasize that spoed restrictions come under
two categorics : (@) permanent, (5} occasional. An example
of the first is a bad curve in a given length of line—knowledge
as to the position of all such restrictive places and the relative
speeds is part of a driver’s stock-in-trade. The second is an
cntirely different matter as its incidence rests with a signalman’s
action and may give rise to a necessary restriction quite unex-
pected by a driver and, for this reason, signal indication and
protection are necessary and speed signalling forms a highly
effective means for providing them.

Mr. Wood had laid his finger on one of the main difficulties
m the present application of colour lght signals. It may be
said, however, that the need Jor such signalling is generally
greatest in the vicinily of the larger towns and theve electrical
supplies are usually available. He {the Author) felt, thercfore,
that this difficulty was not really so great as might appear at
first sight, especially bearing in mind the possible application
of simall petrol units as suggested by Mr. Wood.

He thanked Mr. Byrom, who was a colleague of his, for his
support because Signal Engineers were really the servants of the
operating department and those in ¢harge of operation had to be
satisfied that any new ideas were in the best interests of railway
working generally. Too great a degree of conservatism was
undesirable and he hoped with sach support it wonld be possible
for the railways to come together in common agreement.

‘
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The Americans had built up their signalling largely on British
practice, but naturally with their vast territory and with their
lack of co-ordination, which appeared to be even greater in
America than in this country, the result was, as would be seen
in Appendix A, varying systems comprising colour light, position
light, and colour position light signalling, all differing in aspect,
and that was a pesition we in this country must avoid,

If the paper were studied it would be found that only a very
small portion of what was done in America bad been selected
as suitable lor application to British conditions.

He thanked Mr. Pick for the description he gave of his ideal
three and five aspect systems.  The former was on all fours
with the threc aspect systems generally in use to-day and the latter
agreed with the Autbor's proposals with the exception of the
GfG and G/Y. With all respect (o Mr. Pick he could not see
that the duplicate G was of any greater value than a single G ;
he submitted that drivers running on * proceed 7 signals did not
evaluate their position in terms of “ blocks ™ that did not arise
until a cautionary signal was encountered. e had already
dealt at length in the paper with the objections to the aspect GfY
and would not therefore go over the same ground again, He
trusted that fellowing this bricf explapation he could feel he had
another supporter in the President of the Institute of Fransport,

In conclusion he thanked his audicnce for the kind attention
that had been given to his paper.
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General Meeting of the Institution
HELD AT

The Institution of Electrical Kngineers,
Wednesday 4th, April, 1932.

The President (Mr. C, CARSLAKE) in the Chair.

The Minutes of the last meeting having been read and con-
firmed and Messrs. A, C. Alexander and S. M. Taylor, members
present for the first time, having been introdneed to the mecting
The President said that, as all were aware, circumstances over
which they had ne control, prevented members from thoroughly
digesting the paper read at the Jeoint Meeting on March i4th,
before it was presented. It was fclt that their own Members
should be given a further opportunity to present their views
and the mecting that evening was for that purpose.

In calling upon the Author, the President added that the
more one read the paper the more one was struck by the vast
amount of care and thought put into it and the manner in which
the proposuls were sci. out in the diagrams,

RESUMEI} DISCUSSION.

Major R. Falshaw Morkill believed that he was voicing
the opinion of all Signal Engineers in this country when he
stated that the subject covered by the paper had given them
serious Jood for thought, He was whole-hcartedly with the
suggestion made by the opening remarks wherein greater co-
ordination in the development of colour light signalling schemes
was called for.

The following were direetly interested in signalling matters (—
the Traffic Department, the Loccmotive Department, and the
Signal Engincer. It was ecssential, therclore, that those three
sections should get together for the purpose of co-ordination
and, in his opinion, the following were the principle features to
be considered : {#) Types and aspects of signals; (b} Costs.
With regard to (a), the system should be as simple as possible.
Signais should be so arranged Lhat they could, without any
mistake, be easily picked out by drivers; the messages they
conveved must be clear and distinet ; frills should be avoided
as much as possible.
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Referring to (5}, a great deal depended upon the cost, as, toa
considerable extent, it influenced the amount of new work and
improvements which could be carried out.  Obwviously, the more
complicated the system the higher the cost and that might be
such as to serionsly retard progress.  But there was also another
phase in a complicated system which must not be lost sight of
and that was the higher cost of operating and maintaining it ;
to say nothing of the possibility of more frequent failures with
consequent delays o traffic. They should, therclore, aim at
developing a consistent system of signalling, which was simple
in character and whick could be installed at a rcasonable low
cost, with low operating charges and be casy to maintain.

The Authoer, in his very excellent paper, had given a-lead
in that dircction, The Speaker was in accord with many of the
suggestions made, with, perhaps, some simple meadifications,
He approved of the refercnce to two-aspect signalling as applicable
to underground railways. Marker lights were essential, but he
was not entirely satisfied that red was the correct, or most
desirable, colour. There must he a distinguishing badge for
indicating stop-and-proceced auntomatic signals from  stop-
and-stay controlled ones.  He did not think the off-set of 10-in.
proposed was sufficient.

For colour light shunt signals he would choose the aspects
of red and yellow ; for cailing-on signals the banner type had his
preference.  The provision for winding-off a train stop by a time
element relay was clever; it was perhaps a rather cxpensive
1rill and he was not at all sure that it was an entircly degirable
feature.

Tt was certainly important that colour light signalling aspects
should be gtandardised, and no time should be lost in providing
the necessary machinery for bringing that about-a duty which he
considered lay with the Institution of Railway Signal Engineers.
ile joined with others in offering his sincere congratulations to
the Author.

The Awthor's veply to Major Morkill.

I must first of all thank Major Morkill for his remarks and T
am glad to know thal he has no criticisms of @ destructive nature
to offer to my propoesals.

With rcgard to the colour of the marker light, choice is
Iimited by the fundamental neeessity that any failure of the top
light must not result in a less restrictive aspect, thercfore only
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red or white is available.  The former is to be preferred as being
less likely to he confused with extraneous lights and is also free
of the possibility of being mistaken for green, the latter is Likely
with white under certain conditions, ¢.g., i a driver has heen
gazing into the firebox, Red is also a valuabie aid to a driver in
correctly appraising a yellow as distinct from a red fop light.
Experience shows that without the red marker such mistakes
arc possible,

Major Morkill refers to the time-controlled permissive marker
light as a frill. T hardly regard it as such on any line with an
intensive service where train stops are provided. It obviates
passing signals in the ™ danger ™ position and also avoids the
delay and annovance inseparable from the action of the ' trip ”
application at slow speed.

Mr. 5. L. Glenn considered that it might be said that the
Author’s ideas were summed up in the sheet of signal aspeets
given in appendix G, which showed all the aspects required to
give ellect to those suggestions.  The sequence of aspeets and the
simplicity of the sysiem would perhaps have been more readily
grasped if the progression of aspects on that and other shects
had been reversed, The sheets would then have illustrated the
normal progression seen by the driver runming at high speed
under green being cantioned by vellow and finally called npon
to stop by red.

Turning to the Propesed Standard Signal Aspects shown
in appendix G, he did not think that anyone could object to those
for the Straight Line shown in the first row except, perhaps, in
regard to the necessity or otherwise for the provision of marker
lights and, if provided, their colour. His own preference was
for red, and he was in agreement with the Author in that respect
for the reasons he had just given in answer to Major Morkili.
The two reds i1 the ™ danger ” aspect were most arresting and
particularly useful in foggy conditions. He was not, though, in
tavour of cutting out the marker light entircly when showing the
green aspect ; he would rather dim the marker light under
those conditions and se preserve the form of the signal whatever
aspect it displayed.

The special signals were all good except the splitting distants.
Ile was not in love with splitting distants and would delete
them, using instcad the vertically arranged signal. If splitting
distant signals had to be provided, it might be better to show
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red instead of yellow in the small outside directing lights. The
mind instinctively turns away from red and the signals would be
more gasily understood if that small change were mude.

He was pleased to scc the Auothor’s speed signals.  The
vertically-arranged type of signal was the one to be preferred.
It was the most economical arrangement.  The signals could be
erected in very confined spaces between tracks and the aspects
could be kept low. The illustrations in appendix H showed
that very clearly. In order to obtain the fullest benelit from
colour light signalling, particularly in the ditcction of fog
penetration, the ideal arrangement was that the heams of light
should be on a level with the driver’s eve.  That ideal was most
nearly approached in the vertical arrangements shown in appendix
H. Where therc wus a space between tracks of 10-ft. 6-ins.
there was ample veom Jor the signal. It could bhe fixed in
considerably less space iham that if the target on the marker
light be laft off.

The aspects were logical and easily understood. Reading
appendix G from right to left they had green for [ull speed or
“elear” and grading down through vellow and green, double
yellow, single vellew to red for “step . Thus by reading the
signal from the top downwards, the driver was instructed as to
the condition of the line ahead and could regulate the running
of his train accordingly.

Althoungh the vertical arrangement of the aspects was to be
preforred, they knew that there were places where roads were
so close together that there was no room for signal posts. TIn
such places the signals must be supported either on brackets
or on gantries. In such cases the lowest light—the marker—
must necessarily be higher than when fixed on a plain post.
I such cases thore was an argument in favour of a horizontat
arrangement in order again to keep the lights as nearly as possible
on a level with the driver’s cye. “The vertical signal carries the
marker light at 8-ft. above rail level and the first signal light
at 12-ft. TIf mounted on a gantry the corresponding figures
must necessarily be increased, There was something to
be said ot a horizontal displacement of diverging signals, under
those conditions, in order to keep the main Iine signal near to the
driver's eye.

The Author deserved the thanks of the Institution for the
care and trouble he had taken in preparing his most interesting
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paper and he thought that the officers of the LM.S.R. were to
be congratulated on heing broad-minded enough to accept and
try-out the Author’s ideas.

The duthor’s veply to Mr. Glenn.

Mr. Glenn refers te the arrangement of putting out the
marker light -red—when the green aspect is displayed above
it. Mr. Bushrod raised that point at the previous discussion
at the Institute of Transport and he would therefore read the
Teply given to that gentleman. (The Author then read from
““ Mr. Bushrod was a traffic officer ”* in the seventh paragraph
ol his reply -page 117 ~le * home ‘off’ distant ‘on,”” at the
end of the twellth paragraph.)

With regard to the choice of the splitting distant aspect,
it appears that Mr. Glenn, in common with some others, docs
not appreciate that these aspects arc absolutely identical with
the arrangement ol semaphore aspects with which drivers are
familiar. Yellow is the only colour that can logically be used
for the indicator lights ; that being the standard nermal eolour
of a distant signal in the “on ™ position. If red were used,
the aspect would conflict with junction stop signals where
geographically arranged and would uvndoubtedly lead to con-
fusion.

Mr. R. S. Griffiths would preface his remarks by saving
that he had endeavoured Lo approach the subject from the driver's
point of view, and as one who still had an unrepentant admiration
for the Signal Engincers of an early gemeration who were vot
alraid, with the limited means then available, to put up signals
$0 as to give the least unmistakeable meaning to the driver, even
if that meant going to some considerable height, and perhaps
unusial shape, to obtain that most desired result.

The modern colour Tight signals had, in themselves, solved
many of the difficultics which then presented themselves, but
sinec the Author stated on page 66 that celour light signals
should not be emploved other than for multiple-aspect signalling,
and since the diffcrence i form from the old semaphore was so
apparent, he did not see why he should consider at ali the aspects
used prior to its introduction. In fact, he would only do so in
one, or, at the most, two cases.

In one of these the Author used a single green light for
“ proceed,” as was done with the night indication of many of
the semaphore type ; he never used a single red as existed to-day.
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When, however, the Author wished to adopt a fifth aspoct, he
referred to the old system as an argument for not using green
ovar yellow, even though the complete aspect would, the Speaker
assumecd, be green over yellow over red.  As with the exception
of green at least two lights were always nsed, why not stick to
that and give green over vellow over red, and green over green,
particularly as green over green was to-day the least vestrictive
aspect ?

Was the Author quite consistent throughout? On sheet 2
of appendix C he always had his marker light illuminated, even
it the top light was green (Fig. 159), He thought, thercfore,
with green over yellow, should the yellow go out, the Author
did not get the full signal “ proceed ” which required two greens.

The Author argucd that the yellow was graded by the lights
anderneath which, as an argument, gave undue prominence to
the yellow., Omne could as forcibly, and perhaps more so, say
that the restrictions are always removed first by the top light.
Thus :—Red  Yellow Yellow Green Green

Red. Red. Yellow, Yellow.  Green,
that is, the bottom light foliowed the previous colour of the top
light or that the top light was restricted always by the lower
one, inrther emphasized by a red marker light at the bottom.

When one came to compare speed signalling with manual
block signalling they found scven indications suggested for the
four now used at a junction. He did not quite understand why,
under some circomstances, as much information about the low-
speed route was not provided as was suggested for the high-speed
route, and, if it should be, then another indication, presumably
red over vellow over green over red would be the indication
corresponding to 158 for main line.

That gave eight indications; add the " danger” aspect,
all red—Tigs. 134 and 137—and three possible marker light
indications, and thev got twelve combinations to he memeorized.
If by any chance the slow-speed route was closed, and therefore
the main line signals could be automatic, the marker light would
require two positiens, adding a further three aspects—a possible
total for a two-route junction of no less than 15 indications.

He inclined to the opinion that, as they do not and could not
avoid passing the red, as the Author stated on page 67, little was
gained in clarity over the geographical method for the small
amount saved, as only one more unit would be employed, the



RESUMED DISCUSSION. 127

marker light remaining on the main stem and available as in the
manner proposed by the Author.

A driver would thus know, where more than one route cxisted,
the particular route by geographical arrangement, and such
other detailed information of such route, by a similar method
to that displaycd on other portions of the railway where only
one route existed.

He thought the adoption of multiple-aspect signalling was
hindered, rather than facilitated, by trying to make it fit junction
working., Ewvery signal for every route could more nearly be
identical by retaining geographical arrangement, and lollow the
laudable ghject contained in the first paragraph of the paper.

On page 68, the Author stated in paragraph (e} both lixings
C and D would be necessary, but no drawing was shown, and the
Speaker did not sec from his drawing, appendix H, how that could
be done without a special unit which, he presumed, was not the
Author’s intention.  Either he must put the marker light 18-ins.
out at least—not 10-ins. as suggested—which would appear
te foul an open carriage door or put his units 10-ins. to the lefL
for automatic and 10-ins. to the right for interlocked signals.

One other point :—the question of bracket signals as referred
to by the Author on page 88, It could be assumed thatl the
placing of light signal units sufficiently staggered o give geo-
graphical form was far less difficnlt than was the case with the
old semaphore. Appendix H would appear to show that very
little additional elevation would be necessary to place units ol
2-ft. or 2-ft. B-ins. centres and a similar variation in height.
He would think, however, that the number of sites where signals
need not, or cannot, be placed in a space between running lines
largely exceeds the available locations.

The Author's Reply to My, Griffiths.

Mr. Grifliths refers to the multiplicity of aspects.  This is
hardly fair as we are all familiar with four-aspect signaliing in
this country ; it is standard practice on scveral railways. The
only additional aspect | have introduced is a fifth aspect ¥/G and
I venture to say that before a long time has clapsed it will be found
a fifth aspect is required and my prophecy will be vindicated.

Taking the case of the number of lights at a diverging junction,
many cases cxist, under semaphore signalling, where at night
you see rows of red lights with possibly various yellow ones
beneath. T can call to mind a case where there are 22 such lights
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and a driver has to grope for a solitary green to permwit him to
pass such a cluster. T cannot think that reading a maximum of
four vertical lights is going to offer any greatee problem. Drivers
would quite readily appreciate the diffcrence between high,
medium and shunting speed by the relative position of the lights ;
the value of the colours displayed in cither position being readily
recogniscd and obeyed instinctively.

The sequential arrangement of aspects for a five-aspect
system as suggested by Mr. Griffiths is certainly at first sight
attractive, but, if you recollect, Mr. Pick made a similar suggestion
and T went to some pains to explain why you cannot use GfY
for the fifth aspect, the reason will also be found on page 71 of
the paper.

The use of Y/ commended itsell to me because it is totally
different from anything that we have to-day, also that the yellow
or cautionary aspect is graded or qualified by a subsidiary light
in correct sequential snccession ; that appears to offer the ideal
combination.

Regarding the use of two greens, no uselul purpose is served
by the sccond green which therefore becomes an unnecessary
expense both in first cost and subsequent upkeep.  Throughout
the proposed systom the principle has becn observed that lights
only show when serving some definite and useful purpose ; at
all other times they arc extinguished.

Mr. B. F. Wagenrieder said that ouc of the chief points
ol interest, from an operating point of view, was the question of
overlaps.  He had never regarded an overlap as provided against
a driver missing a signal
4 margin lor error in stopping at a signal.  Signalling had
certainly greatly improved since 1878 when the quarter-of-a-
mile overlap lirst appeared in the rule bock of some railways,
but he thought that ihe records of the over-running of stop
signals showed thal some margin was advisable in clear weather.
He would like to ask the Author if he had reviewed such records
betore coming to the decision that & minimum of 200 yards
was sufficient,

The question of unfitted trains was dismissed in one para-
graph on page 76. Such trains however constitute about one-
third of the total train mileage, and he thought that the proposal
to make a junction “ free ' with the limited overlap B-8, subject
to a minimum of 200 yards, required very careful consideration.

except perhaps in fog but rather as
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At an ordinary double line junction a side collision between
two opposite-direction trains can, to all intents and purposes,
he a head-on collision.

Block telegraph regulation 5 was referred to as an anachron-
ism. It was, he believed, introduced at certain places at the
same time as the quarter-of-a-mile overlap, by the special
authority of the Superintendent.  Whatever the point of view
about that form of block acceplance, it did prove that at the
box where the train was stopped, or severcly checked and
cautioned, the driver was on the alert and had his train under
control. It also warned him not to expect the next box home
signal to be lowerced for his train to run up to the starting signal.

In regard to the tightening up of the definition of “ log”
and the application of fog-working when wvisibility is less than
hall-z-mile, whilst this might be practicable in the vicinity of
signal-boxes in most cases, there werc many instances where a
signalman could only sce a fow hundred yards on one side owing
to bridges, ete. ; also smoke might biow across the line, reducing
visibility considerably. A factor of greater certainty, and
regularity of trofic working, would be gained by defining fog as
visibility of less than say 300 yards and placing some reliance
on the enginmen’s knowledge of locality and gradient so as to
avoid providing long emergency braking distances on faliing
gradients,

There was no doubt that the paper was one of the most
important that had been given for a long time, but its preparation
and publication deserved something more than thought on the
part of those concemned in signailing. He censidered that the
Traffic Department steod to gain by the adoption of some of its
principles.

The Author's veply lo My Wagenrieder.

T am very glad to hear a Tratfic Officer refer to the question of
overlaps, as it is certainly time that matter was tackled.

T have never been able definitely to ascertain if the quarter-
of-a-mile overlap was intended to safeguard a driver who ran
by signals at ** danger ’ or merely to cover an error of jndgment
when stopping; if the latter, then it appears to be unnccessarily
restrictive, as a review of records over a number of years shows
that a distance of 200 yards would be ample.

Referring to rule 5, Mr. Wagenrieder states that it cnsures
drivers being on the alert. I wonder, as cases are on record

9
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of the rule being properly carried out, but afterwards the driver
promptly runs by the home signal of the box ahead.

If block working is materially cased, as suggested in the
paper, during clear weather, the definition of “ fog 7 must be
tightened up, and [ consider visibility ol half-a-mile must be our
new standard to safeguard operation during foggy weather,
Under such conditions you revert to the working you have to-day,
.., at an occupied juncticn, an approaching train is kepf back
at the box in the rear, but during clear weather, which, after all,
is the condition during the greater part of the year, you gain the
benetit which the greater clarity of the colour light signal should
conder.

Mr. Wagenricder asks whether colour light signalling can be
relied on in foggy weathor. I think I am right in saying that
on all those railways where colour light signals are installed on
the multiple-aspect principle, fogmen are not provided. During
a recent winter in Manchester, when a dense fog lasting nearly
120 hours cecurred, traffic worked exceedingly well during the
whele period although no fogmen were employed.

Mr. T. S. Lascelles said that he had read the paper very
carsfully but it was rather long and raised so many contentious
points that it was impossibic to do justice to it in the time at
their disposal. He had greatly enjoyed reading it, as signal
aspects were a subject he had long been interested in. The
Author was doubtless quite right in pressing for some standard-
isation or agreement in that important matter and he had peinted
out very clearly what would happen if that were not soon taken
in hand. Signal aspects were, howewver, still far from uniform in
Amertica, and in spite of the action of the Signal Section of the
American Railway Association, new proposals were constantly
appearing in the technical press.  Of course signal aspects were
a subject on which cverybody liked his own fancies best and that
made many difficulties,

The Author had spoken of the light-signal as being certain
to supersede the semaphore and in that he voiced an opinion
very popular just now. At the risk of being thought old-
fashioned by the meeting, the speaker would ask whether they
were Tight in throwing the semaphore aside in the way they were
doing. An American signal cngineer had said that they scemed
to be going “‘light signal mad.” That light signals possessed
certain—even great-——advantages was true. But it could not
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be denied that in bright daylight they were not always satisfactory.
Lights were not natural things to look at in the day-time. After
all, the ideal signal was one which was ¢qually plain to the man
who had to read it, all the way along after he sighted it. Light
signals, as at present made, were not. They got a tremendous
beam for an instant very often, and then nothing for the rest of
the way. “That meant that a signal in the distance was more
immediately arrestive than one close to, which was a wrong
pringiple and had aircady led to drivers overlooking a signal
at which they werc standing and reading one farther on.  As an
example, take a terminus like Charing Cress. At the motor-
man’s cab they could barely see a glimmer out ol a signal in the
day-time but got a tremendous glare when talking to the ticket-
collector. Another sericus objection to light signals was that
other persons about a station could not tell what the condition
of the signais was, which it was often ugeful {or them to be able
to do. Sometimes, too, at inquiries, the testimony of other
persons as to the condition of the signals was very valuable in
establishing the facts, but if only someonc in line with a signal
could see its indications that advantage was gone.  This question
was always discussed as if the only alternative to a light signal
was the semaphore with the present miscrable oil lighting. But
that was not so. Why could not they put a colour light lamp
behind the spectacle and give a driver all the hest of both?  Tf
he were offered that the speaker believed he would prefer it to
any other arrangement.

If, however, they were to have light signals, then the spcaker
thought that the best kind invented so far was the position
colour light of the Baltimore and Ohio Railway. Had the
Author chosen that he would bave avoided many difficulties,
notably the problem of differentiating red from yellow; to
meet which, among other things, he had adopted red marker
lights. The speaker could not’ yot believe that marker lights
were really necessary and would remind the Author that their
use in America was not so universal as he appeared to think.
Still the suppression of them at *“ proceed ” did remove the most
serious objection to their vse.

With regard to the terms “ aspect” and “ indication ”,
some confusion had crept in which needed clearing away. The
old term ** three-position signalling  meant signalling in which
three positions of a semaphore were all that were recognized, and

‘
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they were (3, 45-deg, 90-deg. to the horizontal in one quadrant.
The adoption of lights only made the term ' position ” no
longer correct and ** aspect " was introduced.  Perhaps *' colour
would have been better. They thus had three “ aspeets ' wiz.,
ted, yeilow and green. The putting of two yellows on a post
did not make a fourth agpact; it enabled us to get a fourth
indication merely. The system was still a three-aspect, 7.e.,
a three-colour system,

Mr. Lascelles thought that if a fifth indication werc some-
times required, as the Author contended, then the logical thing
to do was to have three yellow lights, giving triple yellow, double
yellow, single vellow, red. In that way all the warning in-
dications would be all yellow, as was the intention when the
Committee recommended the double vellow indication. No
dificulty then arose if alight failed.

With regard to the overlap, the speaker thought that the
Author was mistaken as to its origin. The fundamental idea
of the block system was to preserve an interval of space between
trains. The overlap did that; for without it one train could
come up to another with enly the thickness of a signal post
between them. The minimam interval was aimed at to give
some margin for grrors of judgment, which the thickness of a
post would not aiford.

He was an advocate ol route signalling but the speaker could
certainly say he had never talked about ** 27 indications.” Of
course that expression was all nonsense and showed that whoever
used it had not really studied speed signal systems at all®*. His
point of view had always been this :—What is the natural thing
for a person to ask when driving a vehicle on a fixed track,
whaose path is decided by another person ? Surely it is ** Where
is that other person sending me ? "

The Speaker was still convinced that the natural thing to tell
the driver was where he was being directed and then leave the
driving to him. He felt he would prefer that, if ke were in charge
of an engine, and for that reason was a route-signalling mar. No
deubt for a plain crossover-junction the vertically arranged

* The origin of the etror us 1o 26 indications arose out of the diagram of
the standard sipnals on the Penusylvania Railroad giving 26 aspects.
As My, AL H. Qudd pointed out in a letler that may be found on page 130
of the Railipay Gaszelie of February 2nd, 1917, some were duplicates ;
the number of aspects actually was 14, Editor, Proceedings.
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specd signal was quite sufficient. But for a true junction, the
speaker still believed there was no more sensible signal than the
British bracket type. To point to America served no purpose,
for the bracket junction signal had never heen seen there, or so
little as to be unknown now.

The Author had spoken of shunt signals and the Speaker
quite agrecd with him that lights were far from satisfactory, and
that some kind of form or position signal was much better. The
use of it removed the vexed question of the colours to be used
in shunt signals. So, too, the Speaker cordially supported the
Author in his plea for something to be done before more moncy
was wasted on creating further divergencies in practice. They
ocught to go very warily in those things. Money had been
wasted in hasty adoptions on what were olten little more than
academic fashions. Take the vellow distant signal, as an example.
On the threc systems forming the Southern Railway the distant
signals had Iong been fitted with distinguishing fishtail lanterns.
The drivers were very well satislicd with these. They could telt
a distant signal when “on " or " off ”. Then came the yellow
signal craze. All thosc lanterns werc changed, glasses were
changed, new enamelied arms provided, ctc, all al great cost.
The trains ran nc better and no safer. The drivers lost an
advantage they had before and now could not fell a distant
signal when ““off 7. But scarcely had all this money been
spent than colour light signalling was put in, and was now heing
extended te Brighton. So that a vast expense had been in-
curred and no advantage whatever reaped from it, either for the
company or the public. It was essential that they should think
more about the changes the future would bring belore embarking
on expensive steps, and the Author’s warning was a most timely
one.

In conclusion the Speaker cmphasised thal the problem
facing the railways to-day was how to get more people to go by
train ; and even signalling arrangemenis necded considering
from that point of view,

The Author's veply to My. Lascelles.

Mr. Lascclles raises the point as to whether we are right in
adopting light signals at all. Anyone who has spent hours, as
1 have, on the track, trying to provide semaphore signals giving a
satisfactory sight where local conditions are difficalt, will
appreciate the tremendous advantage conferred by light signals.
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It may almost be said that the worse the background is under
our old standards the better it is for visibility of light signals;
in fact one can alnost settle the latter without going on the
ground.

I agree that on a very bright day, with a good sky background,
a semaphore arm would win in a matter of uliimate visibility,
but, after all, a good colour light signal can be seen for 1,000
yards under similar conditions, and this is amply sufficient,
cspecially where multiple-aspect working is employed.

With regard to the close-up view of light signals, T agree with
the Speaker that they leave something to he desired and efforts
should be, and are being, made successfully to considerably
improve that. Further, the question of fitting a backlight is
being tackled and colour light signals with such a fitting are
now available, No doubt it is not as clear an indication as the
rear view of a semaphore arm, but this question of availability
of warning to ground staff is entirely a subsidiary one and sheuld
not be allowed to alfect the main consideration of providing
the best possible signal for a driver.

1 agree that the celour position-light, as vsed on the Baltimore
and Ohio, is a very intercsting onc.  Tts application is shown in
appendix A, but I do not think it would appeal to English {deas.

As regards the marker light, I know its use is by no means
universal in America and I do not suggest its use here because
it is used in that country, but solely because my experience of
it over there convineed me that it afforded a satisfactory solution
of many of our probiems.

The speaker refers to certain unnecsssary changes which have
been madc on one of our railways.  Iwill lcave the represeniative
of that railway, present here to-night, to reply.

Mr. G. H. Crook thought it might possibly be ol interest
to members to know that his company--the (rreat Western—
had installed more searchlight type of light signals than of any
other form. Tt was certainly a magnificent signal optically,
and if he had any regret it was because of the somewhat more
complicated cirenits that werc involved than those required for
maltiple-lens signals, However, the signals were provided
primarily for the drivers’ information, and if they had any slight
technical difficulties in that respeet it was entirely the Signal
Engineer’s domestic business.

He thought that possibly the Author had been somewhat
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circumscribed in these signailing problems with what had gone
before, and as Mr, Rudd, the crminent American signal engineer,
had been mentioned once or twice in connection with the paper,
Le might take the opportunity of saying that he understoed
that when Mr. Rudd and his collaborator, Mr. Rhea, reccived
their mandate of inquiry, sometime prior to 1905, they wcre
asked to report what the Pennsylvania Railway ought to do
independent of any pre-existing signalling practice. The speaker
thought that to be a breader and better starting-off point than
that adopted in the paper.

For instance, it seemed to the Speaker that the Author had
gone to great pains to circurnvent that unfortunate aspect in
route signalling, red over yellow, arising since distants had been
converted to yellow lights.  The lower yellow light in conncction
with a stop signal was technically wrong and contradictory, The
red light said “stop ™ and the yellow light said “go”. The
change was reasonable in the case of isolated distant signals, but
in the case of home and distant signals, considerable moncy was
being spent for no practical gain, He considered that history
would record that change as representing the unbalanced
psychelogical attitude immediately following the War, and he
regretted that the Author had not been able to take up a stronger
attitude, and pitch overboard completely that very unsatisiactory
aspect.

Years had passcd and the systems tended to become more and
more complicated, and the Author, in his splendid paper, en-
deavoured to set out some of their difficulties and make some
recominendations which might be discussed, but it was impossible
in a short time to go into much detail.

Some of the proposed indications showed no less than four
lights, but the speaker thought that two or, at most, three were
all that should be necessary. bt seemed to him that they needed
to consider three important fundamentals which he would submit
as —

Red for © Stop.”

Yellow—unless  qualified by combination of a superior
colour—"* Caution—Ie prepared to stop at next
sigmal.”’

Green- - unless qualified by combination of a more restric-

tive colour, e.g., yellow—"* Proceed.”
H they worked on these simple fundamentals he could not



136 RAILWAY COLOUR LIGHT SIGNALLING IN RELATION
TO MANUAL, BLOCK AND MULTIPLL ASCECT SIGNALS.

entirely agree with the proposal for low-speed or calling-on
signals, under which, apparently yellow and green were to
differcntiate ** track occupicd ” and ** track clear,” and were not
dependent wpon the signal abead. The speaker did not think
that cither yellow or green could very consistently be used for
these low-specd movements, and the circumstances seemed to
suggest a quite distinctive non-colour, e.g.,, white, position
light, signal as the best and only consistent solution.

He rather regretied to see the Author found it necessary to
retain the double yellow aspect. He alse noted the proposed
combination of clesely spaced lights, in some cases three lights
at 2-t. centres, plus a marker at 4-t. He was hoping that they
would have had something bolder and on more simple lines,
and thought that they ought to be able to desizn & signalling
system with not more than three lights showing.

In appendix G, sheet 2, aspects 146, 157, 158, 150, 162, there
were four lights showing, and he considered it would take a long
time for the drivers to properly appreciate the true significance
ot those fine variations. The colour combinations were too
complicated, especially considering the close spacing of the top
iights, Tn this connection it might be intercsting to sav that
when installing colour light signalling on the Great Western line
a minitnum spacing of 5-It, for vertical or horizontal was laid
down.

That was nothing new, and he thought that liberal spacing
of lights was very desirable, particularly for high-speed traffic.

In showing those various dizgrams he thought it would have
been much clearer if the black dots had been omitted. From
a Traffic and Locomotive Department point of view the black
dots represent no light and were meaningless, In the aspects
named he suggested that only the lights actually shown need
be indicated on the diagrams,

With regard to marker lights, he was interested to see the way
they bhad been staggered. He supposed the Author had im-
plicitly followed American practice, Z.¢., signals on the right,
and running on the right.  Where there was left-hand running
the Speaker’s experience had been to reverse the arrangement,
and the marker light was on the right of the post.  He would be
glad to know whether there was any particular reason for placing
the marker light on the lelt. So jar as extinguishing marker
lights was concerned, he had not, in his experience, met with any
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necessity for extinguishing them. The marker gave the deiver a
complete picture of the signal, whether at ™ stop,” ' caution,”
“proceed 7 or otherwise.

Block rule 5 had been referred to. He would instance an
actual case as an absurdity to which the rule could be taken.
On Sundays, several boxes were switched out where section-
clear-junction-blocked was administered.  There the driver passed
a number of distant and home signals in the ** clear  position ;
eventually coming to the junction, which was at one time blocked,
and which had perhaps been cleared half-an-hour belore the
arrival of the train !

He appreciated the Author’s intensive study and his fine
progressive action ; at the same time he was definitely of opinion
that a straight-out scheme of speed signalling, or at all events
a scheme taking speed as the principal basis, was the better
proposition.  The move he had made with regard to simplilying
junction signals was commendable. The speaker, howcver,
regretted that it was still considercd necessary to provide distant
aspects leading up to the junction signals. [t was, in his opinion,
almost incorrect, even under a route signalling scheme, to give
routing information at a point where there could be no divergence.
Splitting distants, at perbaps a mile from tha junction, gave
directional route information. Then perhaps the driver en-
countercd an outer home signal which was uni-directional,
subsequently reaching home signals which were directional.
In any case the splitting distants only gave route information
if in the “clear ” position. It scemed to the Speaker that the
only thing the driver conld do, at the distant signai, was to suitably
reduce speed or allernatively carry on at full speed, and a speed
indicating signal was therclore the only logical indication that
could, or should, be given.

He would finally express his appreciation to the Author and
heped his own comnment was to be regarded as well meant and
constructive.

The Awthor’s veply to Mv. Crook.

I am not at alt disappointed with Mr. Crook’s comments ;
we are all aware of his leaning towards speed signalling.

He refers to the DPennsylvania Railroad designing their
signalling independent of any pre-existing practice. 1 have
already been taken to task for breaking away from tradition
and if I had dared to design a system fulfilling such a condition
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T cannot imagine what would have happened to me. My line of
approach has heen just the opposite, and in view of the almost
universal standardisation of signalling in this country, 1 submit
that is the only reasonable thing to do, namely, to have every
regard for what cxists to-day and interweave what is new into
the patiern so as Lo aveid all overlapping and confusion between
the old and new systems, and [ must leave it to the future to say
il' T have succeeded.

With regard to the unfortunate aspect R/Y, I think Mr,
Crook will find T have pitched it overboard so far as its present
application is concerned,

I have no sympathy with liberal spacing, the essential fcature
in arranging colour light signals is to bring them as near as
possible to the driver's line of vision, so as to gain the maximum
benefit in time of fog. I.ibcral spacing is antagonistic to that,
and as expericace shows that at 2-ft. they are perfectly distinct
at a reasonable distance this minimum spacing was adopted.

It is for this reasen the marker light is fixed on the left
where staggered, thus allowing the mast and main light to be
bronght as near to the track as minimum ¢learance limits allow.

With regard to splitting distant aspects, a very good way
to answer the speaker’s guestion is to ask him another and that
is ' What would he do if his Traffic Officers insist that the colour
light eguivalent of directing distants be provided 2 © Would he
say it could not be done - an answer detrimental to the extended
use of colour light signalling 7 I think not and T submit T have
shown the only logical solution.

Mr. H. M. Proud would not like the occasion to pass without
thanking the Author for his outstanding paper. The more
deeply it was studicd, the more one realised the very close in-
vestigation and the Iogical manner in which the whele signalling
systern outlined had been developed. He had examined the
paper to find, il he could, a snag therein. At first glance certain
novel arrangements appeared to have that character, but closer
reading of the paper showed that the difficuity had been antiei-
pated and the solution well thought out. He felt that the
Institution owed a deep debt of gratitude to the Author for the
paper which he had so ably prepared.

He was very much interested in the fact that the system
was a development of that prepared by the Three-Position
Signalling Committte, heid under the Author’s chairmanship,
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and in the way in which that gentleman had contrived to carry
on from that point and to devise a system which enabled the
new system to be gradually introduced and to be mixed up, during
its introduction, with the cxisting signalling. It would appear
that the paper visnalised a future time when therc would be
complete track circuiting and, possibly, colour light signalling
throughout the railways. :

He did not feel that he could criticise the system put forward,
as it wag hased on such logical arguments, but it had occurred to
him that the question of cost would have to be kept in view. No
doubt the Author had bad that in mind, and undoubtediy, if
the system was introduced, they would all be working hard te
find ways and means of carrying out the installations more
cheaply.

With regard to the isolated distant signals referred to on
page 91, he had wondered how it would be arranged to hold off
the detonator from the line by means of the current which passed
through the lamp, if the lamp were approach lighted. It would
appear that when the Jamp was out, the detonator would be
put on to the rail and when the lamp was lit up, would not some
mechanism have to be devised to take the detonator off again ?
Under those conditions, was a machine to be provided to take the
detonator off ?

On page 79 reference was made to fog switches, While it
scemed rather a pity that one should have to leave to the dis-
cretion of the signalman as to the times when the trains were to
be kept farther back, he could not see a better way of meeting
the situation, unless one provided a very complex method of
measuring the density of the {og.

Again he thanked the Author for his paper, and felt that,
in years to come, it would be treasured more and more.

The Authov’'sveply to Mr. Proud.

Mr. Proud has briefly referrcd to the question of cost and T
hope it will be appreciated that the svstem, as sct out, is not
necessarily an cxpensive system. In fact the mtroduction of
speed signalling, assuming the use of the fourth and [ifth aspect
and also the marker light, effects a considerable cconomy. In
maltters such as this it is entirely a question of degree and the
return obtained for the money spent, and [ can assure Mr. Proud
that we want to see a return of 20/- for every pound spent.  The
only major additien, compared with commoen practice to-day,
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is the addilion of the marker light and on the teotal cost of the
installation these lights lorm quite a small percentage, bearing
in mind the saving which can bhe achieved in regard to light
indication in the signal-box.

With regard to defonator placers as proposed at isolated
distant signals, there is no insuperable difficulty in holding the
detonator off the rail, oven though the signal is approach lighted.
That would be effected hy parallel cirenits controlled by the
lamp or relative track. Instances of this arrangement are already
in practical use and by means of the same the only time that the
detonator falls un to the rail {3 in the cvent of a lamp failing to
light or remain alight, due to a burnt-out filamont, and it is not
necessary therefore to provide a machine to take the detonator
off the rail.

With reference to the proposed fog switches a certain amount
of responsibility must always rest with the signalman, and for
that reason it is felt that such a gwitch, available to the men on
the spot, would probably be a better tneasure of protection than
any device such as a phole-clectric eell which has from time to
time heen suggested for purposes such as that.

I should like to thank Mr. Proud for his comments which are
most encoaraging.

Mr. W. Challis said that during the past two years, where
colour light signalling was in use on the Scuthern Railway the
services of fogmen had not been necessary and they had been
withdrawn.

The Author had unkindly thrown on him the onus of replying
to the point made by Mr. Lascelles ahout the change which had
taken place with regard to the signals on the Southern Railway.
He could only say that it was the casc of an old customn changed
to a new.  Thal was done, he believed, by all the railway com-
panies and, further, it was supported by the Ministry of Transport;
that is, the distant signals should be changed from red to yellow.
He could assure Mr. Lascelles that the changing of the signals,
which he considered unnecessary, did show an ceonomy.

The marker light, so well advocated by the Author might, ov
might not be necessary.  During years of experience he had not
found the marker light necessary. The closc-up view of colour
light signals was not good, neither, he might say, was that of the
semaphores. The Scuthern Railway was trying to improve that
by providing side lights to every signal and to each aspect, as
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they felt that the driver should be given every assistance possible.

The Author considered the indication of lamps was un-
necessary if there were marker lights. He could not, alter 20
vears’ experience with light signals, agree with him there.  (Going
back only 15 years, the aspects were not indicated, and if the train
did not arrive, and the signal remained at red, the driver of the
train was only doing his duty by staying there. The signalman
would not know the signal had failed and much delay would
Tesult. It was therefore found necessary to provide indications
ol the signal to the signalman. After all, if 4 driver did run past
a signal, he was only human. The signalman having the in-
dications of aspects in his signal-box was a great help and he could
always state what aspect was showing.

The Author alse said that double yellow might lead up to a
less restrictive Indication. He could not quite sce what he
meant there, He felt that a driver passing a double vellow, the
signal ahead should only show one yellow.

His difficulty with regard to appreach lighting of signals
was that if they could afford to have the signals out there it could
not possibly be a very dense service of trains and the question
came to his mind why colour light signals were necessary at all
in such areas.

Although his company used colour light shunting signals,
he thought from the experience they had had and the difficulty
in seeing them under certain conditions that the Aunthor was
tight in having the illuminated banner signal. With regard to
the marker light being wsed for a calling-on signal he did not quite
see how that could be arranged.  Then, in regard to the marker
light on automatic or semi-automatic signals, as on occasions
signal-boxes might be switched out and the signal become an
automatic signal, he was not quite clear how the Author suggested
that they should get over that difficulty.  Up to the present
time the Southern had not found it necessary to provide
a calling-on signal in a multiple-aspect arca.

He felt that they ought to tell the driver where he was going
and to help him in every possible way they could and provide
geographical signals at diverging junctions. With regard to
terminal working and the green aspect for clear to buffer stops.
A driver knew when he was geing to a bulfer stop.  From his
own experience he did not think that the Author’s suggestion
was warranted.
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The Author's vepiy to Mr. Challis.

Iam glad to have Mr, Challis’s testimeny on record that during
the past two years in the colour light signalling area on the
Southern Railway the services of fogmen have not been found
necessary and that they have been withdrawn.

The Speaker states that during his years of experience he has
not found the marker light necessary. Omne can readily believe
this, asit is less than ten years since colour light signals were first
used on stcam roads and quite naturally, with only a few isolated
installations, no driver would be iikely to mistake the meaning
of such signals, but if one looks ahcad in view of recent develop-
ments and visualises the possibility of the adeption of colonr
light signals, not only to particular areas, but also in isolated
cases up and down the line, T think it will be appreciated that
something will have to be done to cnable the driver to understand
the meaning conveyed by two totally different systems of signalling
through the common process of a coloured beam projected from
an electric lamp, and it is possible that after the speaker has had
another ten years’ experience he may be mere ready to agree
with the proposed use of the marker lamp and T would go further
and say that when such experience with the marker light has been
gained it is possible that his opinion as to 1he necessity for the
indication ol lamps may be modified.

Mr. Challis suggests that a double yellow should always lead
up to a signal showing one yellow, but does not indicate why he
holds this opinion. The indication conveyed by the double
vellow is that the next signal may be passed but at restricted
speed and as such restricted speed may be due either to a
restriction brought about by the presence of a train ahead or by a.
permancnt specd restriction, as for instance when passing a train
through a double crossover from one line to another, it appears
to be immaterial what the aspect is ahead.

The proposals relative to approach lighting of signals have
probably heen misunderstood. If the demsity of traffic over a
given section of line is such as to necessitate colour light signals
arranged on a close hcadway basis, no one would for one moment
suggest that such signals should be approach lighted ; on the
other hand should one desire Lo use colour light signals as auto-
matics for the purpose of splitting up a block section on a line
which may not be so frequently used, then there is every good
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reason why an attempt should be made to approach lght such
signals, especially if battery operation is under contemplation.

I am glad to note the Speaker’s preference for illuminated
banner signals, in view of his experience in colour light signalling
work generally.

In the use of the marker light for a calling-on signal therc is
no difficulty ; it simply means that the red marker is regarded
as the normal aspect ol the calling-on unit, such red going cut
when the small yellow comes up, authorising a movement past
the signal on to occupied ferritory, There is also no difficulty
in dealing with the marker light in those cascs where signals
are sometimes automatic and sometimes controiled, the marker
being arranged as a double unit, one red lens being vertically
under the main signal and the other displaced 10-ins. to the left.
Ome of these is {lluminated according to whether a signal is acting
automatically or semi-automaticaily, being sclected by the
operation of the closing switch.

The President was sure that the Author must feel very
satisticd with fthe discossion that evening. Personally he did
not know which he admired the most - -the wonderfully fine paper
he had prepared for them, or the admirable way in which he had
replicd so adequately to each speaker in turn, practically on the
spur of the moment.

He would like them to support him in voting the Author a
very hearty and sincere vote of thanks for one of the best papers
the Imstitution had cver had, It had given them much food
for thought and would continue to do so for a long time to come.

Before he concluded he would like to say with regard to Mr.
Lascelles' remarks and the bold stand that gentleman made
for the old semaphore type of signal as against the colour light,
that he recalled the time when the section from Marylebone to
Neasden was being resignatled i connection with the Exhibition
in 1923. That scction was originally intended for motor-worked
semaphore antomatic signals, but several of them, owing to bad
sight when approaching the Marylebone tunnels, were found to
be so difficult to see that colour Light signals were eventually
decided upon and had given the greatesi possible satisfaction
since.  Day colour light signals were here and were here to stay.

Major Morkill said it gave him great pleasure to second the
President’s proposal. The paper was appreciated by all the
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members and it was one which would live with them for some
considerable time,

The Author thanked the President and members present for
the kind way they had received the paper and for the manner in
which they had puf forward their criticisms. It had given him
very great pleasure to write what he hoped had proved of interest.

Mr., A. Moss (in a written communication} said that the
question of overlaps was by no means a simple problem and
he was somewhat in doubt as to the Author’s intentions. On
page 76 it was stated ** thal where mechanical control is absent,
overlaps arc cssential and should always be equal to the emergency
braking distance,” but on page 77, in the penultimate paragraph,
similar overlaps were given as cqualling full braking distance,
the latter also applying fo what was known as the [ull block
overlap system. Again, when applying overlaps to proteetive
colour light signals, 200 yards were suggested as a minimum,
Why have a minimum ? If the B-5 formula was effective at 300
vards should it not be similarly effective at 100 yards? His
impression was that to have a fixed minimum was perpetuating,
in a lesser degree, the anomaly associated with the present 440
yards. Would not overlaps based upon the ER D). give the
maximum security in all cases ¥ The caleulating of overlaps
from the sighting point might be both mathematically and
theoretically correct.  The difficulty appeared to be able to work
the driverin with the same degree of mathematical accuracy.

The propesal as to permissive marker lights secmed to fix
one's attention upon the question of & given signal indication
being capable of two interpretations, 4.e., a calling-on signal with
section ahead occupied or operation of the one-minute Tule, Was
it quite desirable to legalise the passing of a signal under the
one-minute-rule by means of a signal indication in preference to
an instruction forming part of the rules under which the particular
section was being worked ?

Now that routing was incorporated in the proposed speed
signalling indication there could be very fow legitimate objections
against the proposal. To the driver, having to learn a new set of
indications, one form should present no more difficulty to him
than any other. No doubt the Author had experimented with
three light junction signals showing G/R/R/ and he would like
to ask whether it was possible for a driver to clearly sight the
green at, say, 800 vards or whether there was a tendency for the
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two reds to obliterate the green. On diagram 4, appendix F,
the distant routing shown on the middle example should, he
thought, be similar to the {irst example, in order tc carry out the
proposal of right-hand lamp lighting for left-hand route.

He was particularly interested in the problem of terminal
working and the suggested use of a three-vertical-light speed
signal scemed to overcome most of the difficulties. One point,
however, appearcd to arise and that was that il the first train
tully cccupies the first berth the R/Y/R/ indication would be
received by an engine backing on to the train; if, however, the
first train was standing with its rear wheels just on the sccond
berth side of the insulating joint the backing enginc would then
receive a calling-on indication. He was afraid that under those
conditions the driver could hardly be expected to appreciate the
necessity lor differentiation between the indications given to
him. The only solution for a condition of that sort was to fix a
signal at the end of the first berth and if that were provided it
would be possible to give a correct indication at all times and under
all conditions.

He would like to join in the congratulations to the Author.
The paper was one which called for a very close study and, to the
writer personally, the time spent in assimilating the varous
proposals and trying out their applications for himself had been
well worth the endeavour.

Mr. H. E. Cox (in a written communication) said he con-
sidered that the Author had given them a most interesting and
instractive paper and one which provided food for considerable
study and thought.

[t might be of interest to refer to what had been done in India
and why. As long ago as 1920, the Great Indian Peninsula
Railway attempted to get permission to jntroduce three-position
semaphore signalling --there was at that time no guestion of
using light signals into India.  The proposals met with a chilly
reception from the then Government Inspector of Railways, who
however passed them on to the Railway Board, who in turn sent
them to the Indian Railway Conference Association for their
views. The consideration of the proposals took about two years
and, even although they were approved by the LR.CA., they
were turned down by the Railway Board of that time on the
grounds that the conditions obtaining in India wore 1ot suitable
for the general introduction of a new system of signaliing, which

10
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involved the adoption of a new coleur and a special set of block
working rules, and that there were very great objections to its
introduction.  Fertunately, all those responsible for, or in any
way concerned with, this adverse decision had retired from India
by the time the new General Rules were under consideration.
These were eventually published in 1929, and not only included
4 section dealing with antomatic signals, but allowed the use of
three-position semaphores and two- and three-indication colour
light signals.

In consequence of the adverse declsion previously mentivned,
the G.I.P. Railway decided to use two-position lower quadrant
semaphores, each automatic to be of the home and distant type,
and cstimates were prepared accordingly for the proposed Bombay
Harbeour Branch installation.

[n view of the success of light signals in the United States and
England, it was decided to try out some on the GLP. Railway,
but it was found that the sunlight of India was much more trying
to the daylight indication than was the sunlight of Europe, and
that the range of the signal was too much reduced for actual
service requirements. Eventually, early in 1924, a third trial
was made and was a complete success.  The signal was inspected
by Heads of Departments and the Government Inspector of
Railways and the proposal to use colour Hght signals on the
Harhour Branch installation instead of semaphores was duly
approved and later sanctioned by the Railway Board.

The Harhour Branch installation of 9 miles of two-track
road and the later and similar Masjid-Byeulla installation of 2
miles on the lour-track main lne were in service and under
construction respectively by the time the 1929 General Rules
sanctioning three-position or three-indication signalling were
published.  Therefore, except in a fow special cases, each auto-
matic and semi-automatic light signal was of the home and
distant type with two two-indication light units. In later
installations on other Tailways in [ndia. three-indication light
signals had been used and the G.I.P. would adopt them for future
work.

The practice in India was only to have marker lights on
automatic signals and these were small purple lights placed
below and generally out of line with the signal lights. On the
G.LP. Railway, “A" lamps werce also uscd in those cases where
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semi-aufomatic signals might be temporarily working as auto-
matic signals.

Mr. Cox was a member of the Signal Engineers’ Committee of
the TR.C.A. who, in 1924, made the first draflt [or the new rules
for the operation of automatic block signals now cmbodiedin the
new General Roles of 1929, Alihough these drail tules subse-
quently passed through a number of parties before final adoption,
the revisions made were merely those of detail and arrangement,
Mr. Cox had proposed the usual red marker, but the rest of the
Commiftee were against him and wanted to get away from another
red light. They thought that the marker should be a quite
distinetive colour.  Lventually, purple was chosen in spite of
its low Lransmission value. Te felt bound to say that, in actual
practice on the G.I.P. Railway, the purple marker lights had
planned cut very well. So long as ocus lamps were used, a
reasonably good range was oblained in bright sunlight, and the
{act that the marker had a much shorter range than the signal
lights tended, he thought, to make the driver slow up when the
signal was red over red and that was an advantage. Further
as the marker light was only of significance when the signal
aspoct was *stop 7, the wiring was so arranged that it was only
illuminated when that aspect was displayed and this resulted
in economies in bulbs and power consumption.

He did not like the Author’s proposal of using marker lights
on all multiple-aspect signals.  Mr, Cox thought it was necessary,
particularly in India, to make a very clear distinction between a
stop-and-proceed signal and a stop-and-stay sigmal, so that there
was no chance of contusion in 4 driver’s mind.

The practice, which he gathered was growing in Ingland, of
merely substituting colour light signals for semaphores and
retaining the same aspects and system of working scemed un-
fortunate, and he quite appreciated the confusien which must
ultimately resalt. He would strongly oppose anything of that
kind being done on the G.I.P. Railway.

There were two overlaps recognised in the Tndian General
Rules, one was the quarter-of-a-mile block overlap, as used in
Eugland, and the other was an over-run overlap of 600-t. He
agreed with the Author that if a train was proteeted at least by
a cautionary and a “stop 7 signal, braking distance apart, no
over-run, overlap was neeessary.  Mr. Cox thought, however,
that he would not be likely to get any operaling ofiicer in India
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or Government Inspector of Railways to agree to dispensing
altogether with the over-run overlap and reducing the possible
distance between two trains to about the thickness of a signal
post.  They had to think of the vagaries of the Indian driver or
motorman.

On the Harbour Branch installation, there was at one time the
possibility ef train stops being added later, and therciore all the
overlaps were calculated to suit the actual requirements of each
Iocation, using the same methods as the London Underground Co.
Consequently, they varied from about 400-ft. to about 700-it.
Most of the overlaps on this installation were not separate track
circuits ; this arrangement having been adopted to decrcase
the cost of the installation and reduce the number of track circuits
and impedance bond layouts required.  When trafltc had become
dense enough, it was the intention fo make all overlaps separate
track circuits.

On the later Masjid-Byculla installation on the main line,
the overlaps were a uniforin length of 600-ft., mercly as an
over-run protection and were all separate track circuits.  If was
proposed to continue this arrangement in future work. He quite
agreed with the Author on the desirabilily of overlaps being
separate track circaits.

Mr. Cox did not agree with the recommendation not to use
colour light signals as subsidiary signals and dwarfs. The G.I.P.
Railway had done so, following American practice, in all their
work and there had been no operating difficulty.  In fact, he
would do exactly the same thing in future work, Globe type
dwart and shunt signals had been installed on ene Indian Railway,
but he bad a poor opinion of them, They had such a short range
in Indian sunlight and there was too little difference between the
red and the yellow. The same difiicultics, short range and poor
visibility, applied also to banner signals. Taken on the whole,
therefore, he considered a small size colour light signal the best
proposition.

The Author very rightly stressed the importance of keeping
the height of light signals down to the level of the driver’s eyes.
Mr. Cox knew of one or two Indian Railways, where they had been
fixed too high, possibly because the particular railways had alwayvs
favoured very high semaphore signals. In one case, since the
instaliation was hrought into service, the light units had been
lowered. On the G.T.P. Railway, cxeept in the fow cases where
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they had had to use gantries, a single unit signal and the lower
unit of a two-unit was always fixed 10-ft. above rail level ; that
height being approximately level with the motormen’s cves.
The upper unit was always fixed 5-ft. above the lower unit and
the marker light 2-ft. G-ins. below the lower unit.

Those who had looked at the 1929 Indian General Rules would
be awarce that an isolated wamer, i.¢., distant signal might now
be provided with a yellow arm and light as an alternative to the
well-known Indian practice of showing a fixed green light above
a red arm and light. The . 1.P. Railway had just prepared an
estimate for changing over the iselated wamer signals in the
suburban area to yellow arms and lights, s the saving due to
the removal of the fixed green lights provided an ample finaneial
justification for the change. There was no intention, however,
of changing over those warners under home or starting signals,
even although such a change was permitted under the Rules.
The red over yellow aspect was not only illogical and contradictory
in itself, but was ecpen to grave objection duc to the different
systems of block working used in India. Under “ B 7 class
working, line-clear could be given when the line was clear up to
the home signal, which meant that a train standing, or shunting
being carried on, inside the home signal was protected by the
quarter-of-a-mile block overlap provided between the outer and
home signals. Under “A" class working, line-clear conld only he
given when the line was clear up to the starting signal. That
meant that the requisite conditions were very similar to those in
force in England. It would thercfore be scen that if a red over
yvellow aspect was provided at a “ B " class station and the red
light failed, a driver might think he was approaching an "A”
class station, with the result that, if the line beyond the home
signal was obstructed, there would be great risk of a collision
occurring.
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