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The President then invited Mr, W. H. R. Webb to read the
following paper :—

Some Notes on Electric Interlocking.
By W, H. R. WEBE (Member).
(Diagrams—Inset Sheets Nos. 12-15).

Considered in its broadest sense, interlocking is the foundation
of the art and practice cf signalling as we know it to-day.
Briefly defined, interlocking is any mcans used to prevent the
completion of some particular fanction except under predeter-
mined conditions. This definition is of course a broad one.

The particular function referred to may be some act on the
part of a signalman, such as pulling a lever, or it may comprise
the operation of a particular piece of apparatus, such as & point
machine or a relay. Expressed in non-technical language inter-
locking may be considered as a means used {0 prevent two evenis
occurring simultaneously, and to compel sequential operation.

It would be beyond the scope of a paper such as this to give
a comprehepsive survey of ail the means which have been
adopted from time to time for this purpose ; but it has been the
Author’s alm to present In a simple manner some notes on the
methods at present in use and the trend of future development
in the hope that these may form the basis for a discussion. In
order to preserve a logical sequence and for the sake of compiete-
ness a number of details have been included which may appear
somewhat elementary, and for this the Author asks the indulgence
ot those already {amiliar with them.

The function of interlocking is two-fold, Primarily it is a
safety device ; that is to say, it is for the purpose of preventing
callisions or derailments. Its secondary [unction is to facilitate
traffic movements, This distinction is made for the purpose
of covsidering the methods emploved, as means required to fulfil
the primary object may be entirely unneccessary when only the
secondary object need be considered. Considered in detail,
the objects to be attained for the purpose of safety are :—

1. Prevention of conflicting train movements.

2, Insuring the integrity of the route during the passage
of a train.

3. Checking the correctness of the signal indication
displayed to the driver.
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The requirements from a traflic point of view arc in most
cases individval to particular local conditions, but the following
general principles are cowumerated :—

1. The releasing of route locking as early as possible,
2. Speed of operation.
3. Ease of manipulation.

Prevention of Conflicting Train Movements.

Since the introduction of the first interlocking frame the
fundamental principle of interlocking between the various levers
controlling points, signals, ete. has undergone very little change,
although considerable. ingenuity has been shown by inventors
in perfecting the details of the mechanical locking frame itscl,

With the advent of power signalling and track circuiting
other safely devices were added to the interlocking but these
were in every case regarded merely as adjuncts to the mechanical
locking itself, on which reliance was placed fundamentally for
the prevention of conllicting train movements.

This is equally true of most present-day installations, although
the means of accomplishing the locking have undergone some
changes, The earliest power frames were provided with inter-
locking operating on the tappet principle, and various means,
all more or less complicated, were employed to insure corres-
pondence hetween the lever and the function to be operated.

Tappet locking, although perfectly satisfactory in service,
sutfercd certain disadvantages from an operating and maintenance
point of view. For example, it was necessary when numbering
a large frame to consider not only the best numbering from an
operating point of view, {.e, the best grouping of points and
signals for easy manipulation, but it was required also to consider
the mechanical necessity of keeping the locking bars of reasonable
length and of accommodating the locking in the space available.
Furthermore, when locking changes had to be made a
considerable amount of work was invelved.

In addition to mechanical locking, the levers of these power
frames were provided with electric locks operated by track
cirenits and also with similar electric locks operated by indication
magnets, for the purmpose of proving correspondence between the
lever and the operated function. With the increase of power
interlocking more and more reliance was placed on these electric
locks, so that it was a logical development that eventnally the
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interlocking between levers should also be aecomplished by
their use.

We shall use the term “ electric lever interlocking ™ to
distinguish. this from electric interlocking in gencral.

Electric lever interlocking, besides overcoming the dis-
advantages of tappet locking menfioned above, has resulted in
other improvements. The frame can be accommodated entirely
above floor level, and the .sections of the irame need not
necessarily be fixed in a straight line.

Installation is simpler as the very accurate levelling necessary
with mechanical locking is not required. In some cases the
wiring of the frame can be done in the factory. This has
particular advantages for frames to be shipped abroad, where
skilled locking fivvers would not be available for erection. The
aceompanying lantern slides illustrate some typical installations.

Let us now cxamine generally the methods used to obtain
lever interlocking clectrically,

The Jocking frame consists primarily of slides or minlature
levers, each fitted with one or more electric locks, and each
cartying a set of contacts for the control and sclection of the
various signal and point operating circuits. In addition each
lever is provided with a set of contacts, usnally of the rotary
type, for the purpose of locking or releasing other levers.

‘Ihis set of voniacts fulfils the same function as the locking
trough and tappets on a mechanically locked frame, The
elimination of the locking trough has involved certain changes
in design. In particular it has permiticd the structure of the
frame io be Hghter and more compact,

The rotary contacts themselves next call for consideration.
Interlocking contacts ({.e. those used In interlocking circuits)
require to be set with greater accuracy than is necessary for
contacts used only in operating circnits. This may be achieved
either by providing a means for accurate adjustment of each
individual contact, or alternatively by providing an increased
stroke on the contact carrying shafi thus giving a greater travel
between the various contact positions.

Interlocking Circuits.

Before considering the interlocking frame in further detail
it is proposed to discuss briefly the circuits involved, Plate 1
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shows diagrammatically the fundamental mechanical Iocks
with the equivalent written circuits for clectrical interlocking.

Figure 1 shows the standard symbols used to designate the
various lever positions. The actual angular displacements of
the lever or contact shaft corresponding to these symbols will
vary with the practice of different makers, and will depend on
the design of the mechanical parts of the frame.  Figure 2 shows
a typical circuit for the clementary case of a direct lock between
lever 1 and lever 2. Tt will be apparent that whereas in most
types of mechanical locking il 1 locks 2, 2 must of necessity lock
1; in electric locking this is not the case, and each lock and its
converse must be treated individually, This feature can some-
times be utilised to provide special facilities by providing a lock
while omitting the converse,

Assuming that 1 is to be released by 2, together with the
cenverse of 2 backlocked by 1, the clrcuit would appear as Fig. 3.
The case of both way locking is similarly illustrated by Tig. 4.
Conditional locking is effected in a rclatively simple manner as
shown in Fig. 5. Here again the consequential backlock on lever
2 must not be cverlooked. This will probably not appear in
the locking table, but in many cases it will be found that the
condition is already covered by either 1 or 3 locking 2 both ways.
The complete circuit will then appear as Fig. 6.

It must be understoed that the above circuits arc typicals
drawn to illustrate the principles involved. The complete
circuits will have to be arranged to suit the arrangements of
electric locks on the particnlar frame in question.  For example,
some frames are fitted with only one lock to each lever, this lock
scrving both for the purpose of lever interlocking, and also for
track locking, Secondly, two locks per lever may be provided,
one of which performs the function of lever interlocking, while
the other takes care of track circuit locking, indication locking
if nsed, and back locking. Yet a third variation is to provide
two locks per lever, both of which perform lever locking and
track locking, but one lock functions in the normal and normal
indication position only, while the other performs a similar
function in the reverse and reverse indication positiens, The
two former variations are illustrated on Plate IT Figures 7 and 8
showing typical circuits for a signal lever, and Figures 9 and 10
showing typical circuits for a point lever,
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It will be seen in the example shown in Figure 7 that the back
lock on lever 6 occurs in the normal indication position of the
lever, irrcspective of whether this is caused by the dropping of
6TR or by lever 9 having been pulled. In Figure 8 due to the
fact that two locks are employed the back lock due to a track
circuit will occur in the normal mdication position but that
due to alever will occur in the full reverse position. The necessity
for lever 6 to be backlocked by lever 9 arises Iromn rotation
locking between 6 and 9, and is the converse of the condition
“ 9 released by 6 which would appear on a separate circuit
concerning lever 9. This rotation locking is an example of locking
provided rather for traffic purposes than {rom considerations of
safety, and is dealt with in more detail below during the dis-
cussion of a complete circunit.

Relerring to Figure 9 it may not at first sight be obvious why
lever 13 locks 12 in the normal position, while lever 6 locks 12
in the reverse position. The reason [or this will be found by
considering the reciprocal condition, which is ““ 6 released by 12,”
st that lever 6 cannot be moved until 12 has been reversed, after
which the pulling of lever 6§ must lock 12 in the reverse position.

As an illustration of the application of the above principles
some examples have been chosen from the circuits used in the
recently completed installation of electric interlocking at
Manchester Central, Cheshire Tines Railway, which members
have the opportunity of inspecting during the present meeting.
Figure 11 shows the circuit for point levers Nos. 49 and 60,
which may be identified on the pian Plate IV Figure 13.

An extract from the locking table for these two levers is as
follows :—

Levey Released Locks im Locks Backiocked by
No. by Normal position | N & R
59 Nil. 56.57.58.01, Kil 4.14.60(125, 126w

gzR.101tR}.75.

G0 59 4.14.64.76. Nil. 5-15.

74 Nil or 87 [ 55(1.11.25.w 89N £7.88 | {r16.117.Ww.85R}
or 88 B8N {125,126 w 89N}

(2
(3
{48.49.w.BgN).
€
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In order o check the circuits against the locking table it must
be remembered that the locking appearing from the circuits
will actually be the reciprocal of that appearing in the table,
The locking for levers Nos. 49 and 60 reconstructed from the
circuit diagram would appear as follows -

Locked
Lewver | Reteased | Locked by . |Backlocked both Luoched by
No. by . Byt ways by - tracks
50 il. 56.57.5% 4.14.60.75 174.175.176
o1 {125.126,

w.gzR,

1ot R)*
30 59 4.14.64.76 5.15 75 175.176.178

Figure 12 shows the ilocking for a signal lever No. 74 shunt
signal. When decoded this will read ;(—

Lever No.| Released by : Locked by Backlocked by :
74 Nil. 55.
{1.11.25.w. 87N 88N) {r25.126w ByN)
O.K, 87 {z.12.20.w.87R} {116.117.w.50R)
{3.13.27.w 88K} track circuit 163,
OR. 88 {44.%.8gR)
{48.40.w.8gKN)

Referring to the locking for lever No, 59 marked * above,
this is an example of locking introduced for trafiic purposes rather
than purely for safety. This picce of locking is intended to
prevent a passenger train from the Up B. Route being routed
over 92R.66R. or 92R.59N. This move is only permitted for a
slow speed shunt move, ¢.e. a move made with points 101 normal.

Referring again to the circuit for lever 59 it will be seen that
before the lock can be freed, not only must lever 58 controlling
the trap points in “ B 7 Road Middle be normal, but the circuit
is also taken over the point detection relay to prove the position
of the points themselves. This will be referred to later when
considering generally the subject of correspondence between points
and lever. In the installation at present under consideration
all points requiring to be set for trap protection are so proved,
An alternative method of obtaining the same result is to electric-
ally detect trap points in the circnits of the signals reading over
the routes which the trap points are protecting.
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In thig installation both facing and trailing points in the
direct route of a signal ate so detected, and the point circnit is
such that unless the points and the lever are in correspondence
the point detection relay will be de-energised.

A further point to be noted on this circuit is the provision of
a ‘" lock frec ” light for each lever. This is an indication light in
parallel with the lock circuit which is illuminated when the lock
is energised. This feature is provided as an assistance to the
operator both for showing when levers are free from track or
route locking and also for indicating when the lever is free of
locking by other levers.

Insuring the Integrity of the Route.

At a mechanical interlocking the safeguards used to prevent
points being thrown during the passage of a train are firstly
facing point bars, which are of necessity of limited length, and
secondly the spacing of signals in such a manner that a train is
always under the immediate contre! of the signalman. Due to
the mechanical locking the signal levers when reversed hold
facing and trailing points locked ahead of and sometimes also
in the rear of the signals concerned. Beyond this the responsi-
bility rests with the signalman to protect the train against
derailment.

By providing track circuits covering every pair of points a
much more positive safeguard is provided, as these track
eircuits definitely lock the corresponding point levers.  Where
power signalling with complete track circuiting is provided this
form of locking is universally used and is known as ' detector
locking,” or * track locking.”

The detector locking therefore takes care of matters while
the train is actually passing over the points, but it is of equal
importance to prevent any movement while a train is approach-
ing ; that is to say during the time which elapses after a driver
has accepted a signal and before the first pair of wheels has
dropped the detector track eircnit. This is usnaily accomplished
by means of “ backlocking  the signal lever, This backlock
becomes effective in the normal indication (B) position and
prevents the return of the lever to normal until such time as the
points are held by detector locking. During this time the point
levers are therefore held by the lever interlocking, and subse-
quently by direct track locking.

8
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When the backlock on the signal lever is controlled by track
cireuits in advance of the signal the term “ approach locking *
is used. Sometimes the approach locking is applied directly
to the point operating circuit.

Figure 14 has been drawn to illustrate the electrical means
that may be used for the purpose of holding the route during
the passage of a train. Theoretically the minimum length of the
approach period V-W is a function of the braking distance. That
is to say, the distance V-X should be such that if lever 1 should
be pui back in the face of a {rain approaching at V, the train
can be brought to rest before reaching X. During this peried
the lever is backlocked, When the end of the route is reached,
that is to say during the period Z-¥, points No. 3 are held by
direct track locking., There remains the distance X-Y 1o be
considered. This muy be covered by extending the backlock
on lever 1 to the point Y. In the case of a busy yard, this may
unduly retard {rafic movements. By providing sectional
release route locking, the back-lock on the signal lever may be
released at the point X, the points ahead remaining locked by the
release route locking relays. The action of these will be explained
later. Points No. 4 will now be free to be moved as soon as the
train is clear of track circuit C.

In cases where sectional release route locking is to be installed
care should be taken in preparing the tables of lever interlocking
that ne locking is provided which might defeat the object of the
release route locking.

For mstance, in the example shown, if lever 2 were to lock
lever 4, as would be usual in mechanical practice, then in spite
of the fact that peinis 4 had been freed by the rclease route
locking relays when track circuit € picked up, actnally they could
not be pulled until track D was clear allowing lever 2 to be restored
normal.

An example of route locking is to be found at Manchester
Central on signal No. 127, the Home signal for the Up B route.
The cirenits required arc shown on Figure 15, First it will be
seen that an approach lock is provided by track circuit 125 and
that this approach lock also has a time release set to free the
route one minute after the lever has been replaced to the normal
indication position. This time release takes the form of a
thermal valve, the heating element being controlicd by a “ B ”
contact on the signal lever. After a certain time the * hot”
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contact of the valve makes and short-circeits the signal stick
relay. This relay dropping breaks the cirenit to the heating
element and allows the valve to cool making the * cold *” contact.
With this contact made and the stick relay down the approach
lock release is obtained. Other common devices used for the
same purpose are time element relays operated on the vane
principle ; clockwork releases, mercury dashpot releases, hand
screw releases, etc.

The hacklocking period comprises track circuits 126 and 127,
track circuit 125 being included for approach locking. It will be
noted that when track circuit 126 drops the signai stick rélay
also drops, but that the backlock is not released until both tracks
127 and 126 are clear. This shunting of the approach frack
by the dropping of the stick relay is nccessary as a general
principle as otherwise if a train were to occupy the approach
track before the precceding train had cleared the backlocking
tracks, it would be impossible subsequently to replace the signal
lever without making use of the time release. These remarks
of course oniy apply to semi-automatic signals.

Let us now suppose that a route is set up over the crossover
{rom the Up B route to the Up A with 99 and 93 peints roversed.
Before the backlock on Ne. 127 lever is freed by the clearing of
track circuit 127, track 128 will be occupicd thus lecking points
99. Tt will also be noted that when lever 127 is reversed stick
relay 128US drops and that this in turn drops relays 1380S,
151US and 148US, these relays locking points 86 and 93. The
circuits are so arranged that when lever 127 is returned to normal
these sectional release stick telays do not pick up until the train
has passed over the respective track civewits by which they are
controiled. The route is thercfore always locked ahead of the
train, but is {ree behind it,

While discussing sectional release route locking, it may be
of interest to consider how the route stick relays may be used to
advantage in the lever interlocking, particularly where locking
is provided for traffic purposes. For example, lever 127 is
released by levers 116/117 or by 125/126, as the operating depart-
ment wish to prevent trains being held at the inner home signals,
It is therefore necessary for these levers to be backlocked by lever
127,

It wil! be apparent that if this backlock were provided by a
normal contact on lever 127, that as soon as this lever were
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replaced it would be possible in the absence of approach locking
to restore whichever of the releasing levers had been previcusiy
pulled. The final route stick relay is therefore used for this
purpose, thus maintaining the backlock on this lever in exactly
the same manner as would be done if it were a point lever.

This same principle is maintained in connection with the
platiorm stariing signals which are relcased by signals on the
outgeing ganivy Nos. 4142, 44, 46/4T7 and 48/49. It will be
noted that this locking can be released by means of an autematic
time release, as would be done with a nermal approach lock.

The use made of back te back locking and rotation locking
at Manchester Central introduced other problems into the
release route locking for which special circuits were devised,
For instance the set back signals T4, 75, 76, cte. lock the signals
on the outgoing gantry., Now suppose a move is to be made from
one of the platforms, which requires the clearing of shunt signal
46 on the gantry, and that the next move is to set back using No.
75. The irain is mow standing on track eircuits 164, 165 and
probably 166, No backlock can be provided for lever 46 as this
lever must be replaced before No, 75 can be pulled. Sectional
release route Jocking is therefore used Lo hold the points ahead,
4.2, Nos, 100, 98 and 105 or 100, 965, 97, 85, Once lever 46 has
been pulled with a train approaching the signal this locking
remains in force until the train has efther passed through the
rowte or set back in the opposite direction,

Indication Locking.

Reference has been made earlier in this paper to the subject
of correspondence between lever and operated function. The
general nse of colour light signals in modern installations resolves
this into a question of correspondence between points and the
point levers. Correspondence between the signal lever and the
signal mechanism or contrel relay can be simply taken care of
by means of indication locking., That is to say, a contact on
the signal relay or mechanism is introduced into the cireuit for
the backlock on the signal lever, so that unless the mechanism
has returned correctly to danger the lever canmot be replaced,
and consequently the lever interlocking prevents any conflicting
movement until the fault has been rectified. Jn addition
indication lights repeating the signal aspect are usnally placed
behind the lever. Here practice varies somewbat, some Traffic
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Departments requiring each aspect of the signal to be repeated,
while others are content with an “off” indication only, relving
on the indication lock and the cxtinguishing of the “ off ™
indication to prove correspendence in the danger position.

In the case of point levers, correspondence is of particular
importance, as it will be readily appreciated that there is little
value in the interlocking between levers unless the points them-
selves arc in correspondence. In earlier installations indication
locks on the point lever were used for this purpose, these locks
being controlled from a polarised indication relay, or in the
scheme known as ** dynamic indication ” by current gencrated
by the over-run of the point operating motor,

The use of indication locks made it necessary for the operator
to wait for each point machine to complete its stroke hefore
pulling the next lever, and in order to increase speed of manipu-
lation their use has in many later installations been discarded.

If this is done the onus of proving points in their correct
positien is placed on the point detection relays, which in turn
govern the signal operating circuits. It is therefore essential
that the point operating and detection circuits should be fully
protected against crosses and should be immune from false
operation. The cirenits and devices used to obtain this result
do not come within the scepe of the present paper, but their
importance is here stressed as the tendency ol modern inter-
iocking is to rely to some considerable extent on their integrity.

The question of correspondence becomes particularly acute
in the case of trap points, Earlier in this paper two methods
were mentioned ; these were

{a) to introduce contacts on the point detection relays
into the lever lock circuits, and
{b} todetect trap points in the signal cirenits.

Merhod (a) is perhaps a little more conservative than method
{b) as it ensures that the road is set to give irap proteciion
irrespective of whether a signal is cleared or not, se that pro-
tection is retained should a movement be made without signal
protection. On the other hand should a dctection failure occur
the lever interlocking will be tied up.  Method (b)), while removing
this possible cause of failure from the interlocking, introduces
the possibility of breaking the signal contrel due to momentary
de-energization of the detection relay, caused possibly by the
movement of & train on a parallet track,
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It will now be apparent that if the interlocking unsually
associated with the levers should be transferred directly to the
operated units, the question of correspondence then ceases
to have any importance as a safety measure,

Relay Interlocking.

Let us first consider the effect of removing all lever inter-
locking from a modern power frame, while retaining only the
electrical point detection, track circuit control and route locking.
The electrical detection would prevent the clearing of a signal
until the route had been properly lined up, but there would be
nothing to prevent the clearing of two opposing signals at the
same time.

TFurther one can imagine that signalmen would experience
some difficulty leaming to set up routes without any interlocking
to guide them:.

In the development of relay interlocking it therefore became
necessary to design circuits which would give positive protection
against opposing movements, and farnish a means of control
wihich would permit the rapid setting of a route without the
aid of interlocking. This was accomplished by abandoning
the conventicnal type of lever frame in favour of a graphic control
board.

The accompanying photograph shows the gencral appearance
of a graphic contrel hoard.  The track layout is reproduced in
miniature on a panel within easy reach of the signalman. This
panel carries keys to control the various signals and points,
located in such & manner as to be easily associated in the mind of
the operator with their respective functions. 7This association
is geographical instead of numerical.

The panel also carries indication lights for conveying to the
signalman whatever information may be considered neccessary,
such as track occupancy, signal and point indications. In the
example shown on Plate VI the indications given are -

1. Track occupancy {light normally out).

2. 5ignal indication (by a lamp illuminated when signal
and control key are ont of correspondence).

3. Point indication (by a correspondence light as for the
signals).

4, A lock light for each pair of points indicating that they
are locked either by route locking or by the clearing
of a signal reading over them,
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5. In order that the route set up may be seen at a glance
the points on the diagram respond to the acticn
of the point control keys or alternatively may be
arranged to move in correspondence with the
points on the ground.

The control board is normally dark in order to prevent eye
strain and by relieving him of all physical effort it is claimed
that one man can handle a greater number of train movements
than would be possible with an ordinary power frame.

Regarding the cirenits used for relay interlocking, it is not
possible within the limits of this paper to touch more than the
fringe of the subject, taking as an example the circuit for
preventing oppesing movements. This circuit will be examined
only from the peint of view ol the interlocking principle involved,
and is reproduced on Plate VI, Figurc 16,

Each control key has associated with it a stick relay, GZ
in the case of a signal lever, and WZ for a point lever.

Each route to be signalled is represented by two route rclays
{RR) connected in series, and associated with each pair of points
is a lock relay (L). The interlocking between these wvarious
units is obtained as follows :

Firstly, the cirenit of the lock relay includes whatever
approach and route locking may be desired and is then hroken
through back contacts of the signal (GZ) relays. This circuit
therefore provides that the clearing of a signal locks all peints
in the rouie, as the L velay in turn controls the point operating
circuit,

Secondly, the pick-up circuit for a signal control (GZ) relay
is through a back contact of the corresponding RR or route relay,

When relay 1GZ picks up a holding circuit is provided over its
own front contact, and at the same time positive battery is
applied to the route relay circuit 1IRR, Now, provided that the
peints in the route are correctly set (proved by front contacts on
the point correspondence relays, in this case 4dNWCR), and also
that the points are locked, proved by back contacts in the lock
relays (in the example 4L}, the circuit is completed to negative
over a back contact of the opposing signal control relay 3GZ,
Relays 1RR and 3RR therefore pick up in series, and remain so
until the signal key 1 is restored. While this condition exists it
will be seen that all opposing and conflicting movements will be
prevented. Tt will be noted that for a movement in the opposite
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direction, using signal 3, route relays IRR and 3R are again
energised, but this time by current flowing through their windings
in the reverse direction.

Point contrel is accomplished by the polarised coptrol relay
WZ. As a matter of convenience a centre tapped battery is
employed which feeds either positive or negative current to the
WZ relay according to the position of the point key, providing
always that the lock relay is cnergised. When the lock relay is
de-energised @ rctaining circuit is provided over contacis on the
WZ relay itself of correct polarity to maintain it in the jast
operated position, The purpose of the serics relay LP is to
prevent  preconditioning ” of the route and acts in a similar
manner to the ordinary signal stick relay, that is to say the lock
relay I. must be energised before the control key is moved to
change the posttion of WZ.

Circuits designed on the principles outlined above were used
in the installation of Relay Interlocking installed at Dayton
Terminal {U.S.AL).

(One operator and ene director for each 8 hour shift control
the whole of the layout shown in the illustration covering a
distance of three miles handling, approximately 250 train
movements per day. The same territory was formerly handled
by 5 interlocking frames and 39 men daily.

No review of relay interlocking would be complete without
some mention of the installation at Thirsk on the York—North-
allerton section of the LN.ER, The control beard is arranged
on the roule lever principle, Interiocking relays are employed
having a mechanical lock between the two atmatures. Limit-
ation of space precludes any analysis of the circuits used, but in
principle these correspond to some excent with the cireaits for
lever interlocking described earlier in this paper,

Conclusion.

Cur esteemed TPresident in his copening address to this
Institution on the 12th of Tebrunary made some remarks with
reference to signalling generally which apply with equal force
to the subject now under discussion.

Tirstly he made a plea for simplicity, and warned us against
a multiplicity of proving devices each checking the other against
eventualities that may mnever arise, and which tend to hinder
rather than assist the work of the signalman.
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Sceondly he suggested means for reducing the physical effort
to be expended. Relay interlocking represents perhaps the
ultimate limit in the redunction of physical effort. The object
aimed at is to enable the man to concentrate cntirely on pro-
ductive effort in moving trafiic to the best advantage.

Tinally he considercd that the solution to a number of
problems would be found in a judicious blending of mechanical
andd electrical methods,

This paper so far has dealt only with electric interlocking
as applied to power signalling. The methods which have been
described are equally valuable when used in conjunction with
new or cxisting mechanical apparatns. For example, when
it is required to work outlying points by power or to close a signal-
box and work the connections from an adjacent cabin this can
readily be done by using a control panel elecrrically interlocked
with an existing mechanical frame,

Again should it be desired to obtain the benefit of colour light
signalling while retaining the simplicity of mechanical peint
working the interlocking between the mechanical levers and the
slides or miniature levers controlling the signals can most
conveniently be made electrically.

In cenclusion, the Auther hopes that these notes will assist
in proving that electrical mcthods are not fundamentally
complicated, and are even in some cases simpler than their
mechanical equivalent, besides bringing other advantages in
the way of greater {lexibility.

DISCUSSION.

The President said he was sure they had all listenied to Mr.
Webb's paper with very great interest. That gentleman had gone
to great pains in the preparaticn of its details, far more than could
be appreciaied whilst listening to him, and he hoped they would
show their interest by placing any gquestions they might have
before Mr. Webb.

At the Council Meeting that afternoon the discussion of papers
came under review and the opinion was expressed that the
membership generally should be more in evidence in discussions,

He was personally much interested in the growth of the
definition of interlocking, as explained by Mr. Webb. Originally
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with the mechanically operated and interlocked lever frames,
interlocking was understood to be the actual controls between the
levers comprising the frame. Facing point locks, detectors, and
slotting of signals, etc., did not then come under the actual
definition of interlocking, but the features brought out in the
paper struck him as being sound.

Mr. Webb menticned that a general principie from the traffic
point of view was * the releasing of a route as early as possible.”
This was very necessary and obtainable with track cireniting, but
the President suggested it was also very important to lock a
route as late as possible. Also that when once a route was set up
it should be capable of rapid release in case of emergency. This
was demonstrated not leng ago at Victoria Station, Manchester,
adjacent to where they were sitting.

Mr. Robinsen and the Inspecting Officer of the Ministry of
Transport commended a signalman at that station for his prempt
action in altering the route set for an approaching train and so
avolding what might have been a very scricus mishap.

The means of * insuring the integrity of the route ™ could be
debated at length and one had to be content with a choive of evils.

The Author stated that generally, with mechanical interlocking,
the signal levers when reversed alone held the route and beyond
this the responsibility rested with the signalman to protect the
train against derailment.

Many cases had occnrred when the integrity of the signalman
had been utilised to advantage to sidetrack an approaching train,
by his being able to disturb the route set up when, say, that route
had been fouled later.

Enquiries into irregularities had shown that the integrity of
the signalman was not always reliable. The choice of evil
therefore was :—

{#) Whether a signalman should be prevented from disturbing the
route when a train was approaching, to prevent derailment ;
or
{h) Whether to rely upon the integrity of the signalman to disturb
the route when a train was approaching to prevent accident
due to the route being subsequently fouled.

The President was geing te ask the Secretary to make a note
that when an open date cccurred a free discussion on ways and
means of “ insuring the integrity of the reute ™ would be very
illominating and interesting.



Q2 SOMI NOTES ON BLECTRIC INTERLOCKING.

Finally, he really admired Mr. Webb’s adroitness in applying
the remarks he made in his Presidential Address to a subject he
had not intended to deal with.

The President congratulated Mr. Webb on his paper, the first
of its kind read before the Institution and which he was sure
would lead to an animated discussion, for which purpose it was
NOW open.

Mr. E. G. Brentnall wished to congratulate Mr. Webb
on his excellent paper. No doubt electrical interlocking would
become much more important in future, and such papers were
valuable as they enabled the whole subject to be discussed. In
Tlate 1., Fig. 3, 1 was released by 2, Why was the E lock provided
on I Jever as well as the A lock 7 What was the necessity for the
A lock on 2 lever 7 The thermal time release circuit shewn in
Plate V., Fig. 15, was interesting. In such circuits the provision
of both heating and cooling contacts were necessary to give a
comstant time period {or the release. With regard to the route
system circuits shown in Plate VI., Fig. 16; if an outer home
signal, say No. 5, were provided in rear of No. 3, would the
circuits for Nos. 3 and 5 signals be combined, or would a separate
route circuit be provided for No. 5 signal ?

A route relay interlocking had been in use at Thirsk on the
N.E. Area, LN.E.R,, since early in 1933 and had proved entirely
satisfactory. The route system made for very quick operation :
as an cxample, 14 sets of peints and the signal Jeading over them
were operated, by turning one switch, in three seconds. The panel
was only 12 feet in length and was operated by one man., Two
were originally employed, but they were in each other’s way ;
if a conventional power frame had been provided, approximately
170 levers would have hecn necessary, with a frame length of
35 fect.

The circuits for a route system were much simpler than for an
individual operation system, as no conditicnal interlocking was
required.

Mr. P. A. Langley said it was interesting to note the facilities
which electrical interlocking afforded. TFor example: half-
rotation or sequential locking between siznals, was antomatically
obtained by omitting the converse of the normal lock. Also, as
the Author said, backlocking facilities were obtained by sectional
release route locking, not given in mechznical locking.
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Referring to the tabulation of interlocking ; as the circuits
are prepared from this it was very important that the terms used
should be petfectly clear. He would like to see the word ** back-
lock " substituted by “ reverse lock.” Apparently where only
one lock was used for both lever locking and other controls, the
term *“ backlock " could bhe interpreted to mean either reverse
or normal indication for a signal lever, as in Figs, 7 and 8: 6
backlocked by 9. Would it not be better to say that all signals
should be backlocked and all peints reverse locked ?

Obviously it was necessary to be more precise in tabulating
electrical locking than it was with mechanical locking. For
example, all during-stroke locking had to be tabulated. Here
again he would prefer to see it in the following form. Take for
example lever number 74 locking 87 and 88 normal and reverse.
The during-stroke locking for these would read : 74 released by
87N or R and 88N or K. Also in tabulating the locking 3 locks
1 when 2N it was necessary to insert it in the release columm ;
that was to say : 2 released, or was reverse-locked, by 1 when
3 was reversed. This, of course, was not generally done when
tabulating mechanical locking,

Referring to Fig. 6, very often they found that 2 was released
by 8, and then, with mechanical locking, 1 locking 2 normal
and reverse was superfluous. However, with electrical locking
it would appear to be simpler to provide the bothway lock in
preference to the arrangement shown in Fig. 5. The tabulation
should, therefore, be made accordingly.

Reterring to the lock circuit for signal number 74 (Fig. 12},
it 'was noticed that 89 locked 74 during-stroke, but this was not
shown in the tabulation,

It was assumed that normal and reverse rear locking of points
by signals was not necessary, as the latter were locked by respective
track circuits, During-stroke locking, however, was necessary for
cases of conditional locking such as 74 backlocked by 125
126 W 89N. Also, was it correct to say that as during-streke
locking by 87 and 88 was automaticully given by the conditional
locking, the tabulation need not show it, any more than it did not
show the during-stroke locking by 89 ?

With regard to indication locking, to control the signal lever
normal lock by the trap points detection relay appeared to Mr.
Langley to remove both the objection referred to in methods ()
and (b) on page 85.
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Provision of two lever locks, one for lever interlocking and one
for other controis, seemed desirable for the following reasons :—

({i)—The lever interlocking could be isolated and all locks
sealed.

{ii)—XNec confusion between backlocking and reverse locking
would arise.

{iii }—Separate indication to the signalman would be possible
and he would then know if he were tied up by lever locking or
other controls.

Finally, the Speaker asked the Author if he could say what
were the main factors which decided whether an installation should
e of miniature lever type or the relay interlocked panel type.

Mr. 8. W. Spendlove wished first to express to the President
and Council the thanks and appreciation of his many colleagues
and himself for holding that meeting in Manchester. The majority
of them who were stationed at various points in the North found
it extremely difficult to attend meetings in London, and although
they received the Proceedings, they missed the opportunity and
privilege of associating with other members, and of listening to,
and possibly joining in, the discussions. He was pleased to say
that the holding of the meeting there last year resulted in new
members being curolled, and hoped similar resuits would follow
that day.

The subject of the paper they had heard read was one of
particular and live interest at the present time, and he con-
gratulated the Auther upon the selection of one which shouid
create an interesting and helpful discussion,

The paper dealt principaily with electric locking as applied to
power signalling and the Author had peinted out the developments
taking place in the direction of dispensing with mechanical
locking and depending entirely on electric interlocking in power
frames. This was, of course, an accomplished fact in a number of
new power signalling installations, but the phase of the subject
which, Mr. Spendlove thought, was of particular interest was the
extension of that principle to new or existing mechanical frames,
referred to at the end of the paper. DBefore dealing with the
diagrams m it, therefore, he would like to refer to the principle
itself, wiz., mechanical versus electric interlocking: on mechanical
{rames.

The introdnction of frack circuits, block control of signals,
approach and other locking, had resulted in large mumbers of
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electric locks being installed for those purposes, and as such locks
could also be emploved for interlocking imechanical levers, did it
not seem the correct policy to do this wherever possible, and so
save the expense of alterations to mechanical interlocking ? In
numerons signal-boxes there were already so many electric locks
provided for the controls mentioned, that the addition of very few
electric locks would be necessary completely to interlock the
frame electrically.

They already depended entirely upon electric locking for
safeguarding and controlling trafhic movements of primary
importance, so that it seemed that no arguments could be raised
against its safety or reliability, The amount of lever interlocking
that could be done electrically was practically unlimited, and the
preparatory work that could be done in wiring up such circuits
without interference to the signalman’s work made the actual
alterations very much simpler and quicker than with mechanical
locking.

Mr. Spendlove would be obliged if the Aathor would be good
enough to explain a few points in the diagrams :—

Plate I, Tig. 3. 'What was the necessity for a reverse lock on
lever 1 and a normal lock on lever 2 in the clectric interfocking ?
There were none in these positions in the equivalent mechanical
locking.

Fig. 4, What was the object of the reverse electric lock on
lever 17

Fig. 5. WLy was a reverse lock shown for lever 1, a normal
lock on lever 2, and a reverse lock on lever 37

Page 79, paragraph 2. Reference was made to Fig. 9. In
the locking table, lever 13 locked 12 in the normal position, and
6 locked 12 in the reverse position. In Fig. 9, however, both 6
and 13 appeared to lock 12 normal and reverse. In Fig. 10, 13
locked 12 normal and 6 locked 12 reverse, in accordance with the
locking table. Should not Fig. 9 be drawn as shown in Fig. 10 7

Page 73. Locking table for levers 59 and 60. Mr. Spendlove
could not reconcile the locking given there with that shown in
Fig. 11, where 59 appeared to be locked normal and reverse by
everything. As a catch handle contact was shown as in use, why
should not NA and RE contacts be employed instead of A and E ?

Pages82and 83, Paragraphs 5 and 1 respectively. Thisreferred
to an approach lock with time release in connection with route
locking, and the circuits were shown in Fig. 15, Did it not
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appear from this diagram that if the approach track were
not shunted by the back contact of the stick relay, the
indication lock could be obtained without waiting for the time
relay to operate when replacing the lever with tracks ahead
clear, as the “ cold ” contact on the thermal relay was normally
made ?

It would appear that, under the conditions of track cccupancy
given on page 83, paragraph 1, the backlock of lever 127 would
be rcleased immediately the backlock tracks had been cleared,
because the “ cold  contact of the thermal valve was not broken
until the valve heated up after lever 127 had been placed in the
B position.

It was noticed that, although electric locks were provided on
all point and signal levers, lever contacts had been used to control
other levers. No proving contacts were shown, and the Speaker
would be glad to know if the Author considered it unnecessary to
utilise proving contacts, for proving the levers actually locked,

Mr. T. Palmer said that in the old “B " cabin at Manchester
Central there was a 115 lever frame, 16 locking cases and 1,100
tappets.

At a recent meeting in London someone argued that you could
prove interlocking by seeing the lock driven from cne end of the
bar into the slot at the other end, Mr, Palmer thought you would
have some difficalty in doing it in that cabin. That lever frame
gave over forty years service, and if the present one gave the
same service it would be a credif to every onc concerned., At the
same meeting someone argued that it was much more difficult to
make an, alteration to an clectrical than to a mechanical installa-
tion. His experience was that it was very much easfer to alter an
electrical than a mechanical. You had to be very careful in
preparation, but the actual alteration was very much easier
indeed,

Mr, Palmer was glad to see what Mr. Webb said about proving
traps. He thought that traps should be proved in that way, but
should not that alse apply where you made one lever precede
another for trapping purposes ?  ‘Take a place like Manchester
Central, where many of the peints, if not pulled for tratfic purposes
were really acting as fraps. As to the question of checklocking,
where it was installed you had proof that the point was in
correspondence with the lever; the trouble was slowness of



DISCUSSION, 97

opetation in having to wait for the indication before the next lever
could be moved. Of the two methods of proving correspondence
between levers and peints referred to on page 85, by arrangement
{A) the working was slower as it was necessary to wait for com-
pletion of operation before lock free was obtained for the next
lever. By method (B) the point lever operations could be com-
pleted without waiting for the indication, the final operation of
the signal proving that the levers and points corresponded.

S far, the whole of the installation at Manchester was working
very satisfactorily indeed and giving very little trouble.

Mr. E. W. Challis would like to join the previous speakers
in thanking the Author of the paper. It had been of great interest
to himy as it was about a subject with which he had been
particularly associated.

On pages 79 and 80 there were transiationsof aninterlocking table.
One railway in this country, that had had considerable cxperience
of electrical locking, endeavoured to translate the locking into a
table of straight releases, treating every lever as locked untii it is
freed, before designing the interlocking circuits. Now the subject
had developed, Mr, Challis thought the time had come when such
a table should be standardised, and that Mr. Webb had made a
very good elfort indeed to arrive at the best solution. The Author
had hit the nail on the head, when he stated very clearly the
necessity for all reciprocal locking to appear as such on the
interlocking table. With regard to alterations to electric inter-
locking circuits, to which certain speakers had made reference,
the Speaker had been actively associated with electrical inter-
locking installations both at home and abroad, and had scen
extensive alterations made. His experience was that making them
was a matter of simplicity and care ; what must be impressed on
the wiremen and inspectors was the necessity for a most careful
check and test afterwards. Mechanical locking alterations were
comparatively easy to test out, and electrical locking was just as
easy, up to a point. On the other hand it was very difficuit to be
able to prove, in the latter case, that nothing had been disturbed
that should not have beerr, and Mr. Challis advocated that in any
case ol alteration, every iterlocking circuit having the faintest
relation to it, should be tested with great care, in addition to the
actual locking alteration itself.

Mr. J. H. Currey thanked Mr. Webb for his paper. It gave
him an opportunity of raising a point that had been in his mind
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ever since he had had any experience with electrical interlocking,
and that was the extreme ingenuity shown by the circuit designers.
Probably for the sake of economy they might start off through
one contact on a relay and, after many wanderings through other
contacts, finish up with as many as thirty, forty or even fifty locks.
Think of the poor lineman who was called out to a fault and had to
follow through one of those diagrams in a hurry. If the circuits
were simpler and not more than, say, five locks were taken off
any one contact, it would enable the lineman to save time when
faults occurred.

Mr. C, Carsiake said that the discussion had been exceedingly
interesting and, in view of the President’s comments about the
younger members taking the principal part in the discussion,
there was not much left for him to say. One of the principal
things which occurred to him during the discussion was the
question of the simplicity of electric as against mechanical
interlocking. For many years he was definitely against dispensing
with mechanical interlocking in connection with power signalling,
but in the King’s Cross installation where mechanical interlocking
was ie force, a complicated alteration had to be taken in hand
some weeks after the installation came into operation. This
locking alteration took five consccutive Sundays to carry oat,
with all the consequent checking after each stage had been done,
hefore ordinary traffic could be resumed. With electric interlocking
this same locking alterarion could prebably have been done in
one Sunday in about five hours, and from that time onwards,
and also after his experience with Fenchurch Street, Mr, Carslake
had heen a very strong advocate of electric interlocking.

The last speaker had made a very strong point on the question
of simplicity of circuits and he certainly considered that simmplified
circuits, not only for the sake of the maintenance linemen but also
in working and installation, were most important. With one
operating contact carrying a number of important branch circuits
much was liable to go out of order when it was defective, and if
circuit designers on the contractors side could be a little more
generous with their contacts and not so ingenious with their
circuits the raitway signal engineers would owe them a debt of
gratitude.

The President mvited Mr. Webb to reply to the discussion,
saying he thought it would take him as long to do so as to prepare
the paper.
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Mr. W. H. R. Webb said he would just deal briefly with one
or two peints ; the matter of circuits he would rather deal with
after studying the shorthand notes. As regards the President’s
remarks, he agreed with him that releasing the route as early as
possible was vitally important, but was not sure he did so as
regards locking it as late as possible. He might put it in this way :
release as early as safety will allow and lock as early as is con-
venient.

As regards the protection from fouling meves, he thought they
had to make a compromise between approach locking and giving
the signalman an opportunity of moving the points under the
train ; in his opinion it was more important to protect the human
element than the apparatusitself. He had not had the opportunity
to analyse accident statistics in detail, but believed that if this
were done it would appear that possibly ninety-five per cent. of
accidents were caused by failure of the human element, and not
more than five per cent. by fatlure of the mechanical element.
Therefore we shouid de everything possible to safeguard the
actions of the signalman, rather than guard agamst unusual
happenings or apparatus failure. As regards the importance of
backlocking and its desirability, Mr. Webb thought it should be
as complete as possible.

Mr. Brentnall asked what was the necessity for the A and &
contacts in Fig. 3. As a matter of fact these contacts were not
really essential to give the equivalent of the mechanical locking
shown in the diagram, but if they were omitted then the electric
lock on lever No. 1 would have to be cut in the N position only
and electric lock on lever No. 2 in the R position only. This
answered one of Mr, Spendlove’s queries concerning the reason
for cutting the lock on lever No. 1 in the R position although no
such locking existed in the mechanical lecking. In practice in
all-electric interlocking it was always usual to cut the lock in both
positions so that each lever lock was standard ; the actual locking
required was obtained entirely by means of the circuit arrange-
ment. Mr. Brentnall also raised a query regarding the relay
inter]lecking circuits, The circuits ilinstrated in the paper had been
drawn simply to illustrate the principles involved. Naturally
some additional locking would be required in the case of a more
coimplicated layout, hut for the sake of simplicity it was usually
advisable to use one pair of route relays for every opposing move,
Mr. Langley spoke of the tabulation of lever interlocking, and
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this was afterwards stressed by Mr. Challis. The best way o show
electrical interlocking to-day, as Mr. Challis suggested, was to
use a table of releases, every lever heing normally Incked until it
was freed. The table as translated by the circunit man could
well be used in the first place, and no doubt that would take place
as soon as more pecple got used to designing clectrical interlocking.
Tn many cases electrical locking tables were prepared by a man
with previous experience of mechanical locking, who, of course,
prepared them in the way familiar to him. It was then necessary
for the circuit designer to translate this into the form mentioned
by Mr. Challis.

Mr. Langley also raised the question of one lock wersus two and
of scaling the lever interlocking. One lock or two was a matter of
individual preference and depended on the mechanism of the
frame. Electric (rack locking was equally important as lever
interlocking, and if the lever interlocking was to be scaled so
should any {rack locking.

Mr. Webb was very glad to have Mr. Spendlove’s further
argament in favour of electric interlocking, One of his queries
concerning the civcuits he had dealt with in reply to Mr. Brentnall ;
the remainder he hoped to amplify in a written reply.

Mr. Palmer was thanked for the very interesting information
he had given concerning the old Manchester cabins. On the
question of the interlocking of traps, Mr. Webb agreed with him
entircly on the matter of principle, but from the practical point of
view it was necessary to make a compromise to avoid undue
complication.

Mr. Currey spoke of simplifying interlocking circuits and
suggested it would be simpler if separate contacts were used for each
particular one. That would of course multiply the total number
of contacts required and Mr. Webb suggested that the circuits
were not in fact simpler when a vast number ol contacts were used,
because there was then a greater number of possible points of
failure. Mr. Currey suggested that the failure of one contact might
affect 40 or 50 locks. While this was quite true theoretically he
believed that, provided & lineman knew his job thoroughly, as of
course he should, he would know at once that that combination
of 40 locks meant a failure of that enc contact and he would be
able to go right to the point. Finally he would like to thank Mr.
Carslake for his very intcresting remarks on the comparative
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easc of making an alteration to electric interlocking as compared
with mechanical interlocking.

In a further written reply Mr. Webb said he found there were
one or two peints not covered in his speken remarks. Mr. Spend-
love enquired the necessity lor certain locks in Figs. 4 and 3.
The same remarks applied as in the case of Fig. 3; although
these locks were not really necessary to give the equivalent of
mechanical locking they would he supplied for the sake of
standardisation.

Regarding Figs. 9 and 10 and the Jocking in Fig. 11, the
reasons for it were explained somewhat bricfly m the second
paragraph on page 79 of the paper. The condition was as follows :—

Lever No. 6 locked 12 in the reverse position because until 12
had been pulled lever 6 would remain locked. This arose from a
condition not shewn in the figure, which was 6 rcleased by 12,
operated on a scparate cirenit. The same fact had to be horne in
mind when comparing the locking shown on the tables on pages 79 &
80 with the circaits in Figs. 11 and 16, Regarding the necessity
for A and E contacts, as catch handles are employved, Mr. Webb
would say {hat these were most necessary and that NA and RE
contacts could not be used in their stead. Tf this were done it
might be possible with two levers which locked each other, for a
condifion to arise enabling bLoth levers to be obtained at once ;
both locks would be energised il the levers were pulled simultan-
eously,

With reference to Fig. 15, he agreed (hat the lever could he
replaced witheut waiting for the time release, except when the
approach track was occupied. It should be remernbered that for
the signal to be clear the stick relay must be up, so that althongh
the cold contact of the thermal relay was normally made the back
contact of the stick relay was normally broken.,

With reference to page 83, paragraph 1, on the same subject,
it was intended that the back lock should be free under the
conditions stated, in view of the fact that the time release only
functioned in connection with the approach locking and not in
cemnection with the back locking track circuits. Proving contacts
on eleciric locks were not considered necessary, at any rate in the
case of power frames in which the lock had a delinite mechanical
throw down, as was usual in most designs. The ntroduction of
proving contacts would undoubtedly complicate the installation
unduly, without giving any equivalent benefit in additional
safety.
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The President expressed thanks to Messrs. Dolman and Box,
Jar,, for providing the lantern and screen and for cperating the
lantern.

It was, he said, exccedingly gratifying to find such a large
attendance at a meeting in the provinces ; if it was not a record
meeting it was very nearly so. The Council were most anxious to
continue the provincial meetings. He was pleased to find among
them a number of interested visitors. There might be some there
ot a kind of trial trip to see whether the Tnstitution was worth
joining. There were about fiftcen present from Metropolitan-
Vickers, who were connected actively with the manufacture of
signal appliances. They had Mr. Brookes, the engineer in charge
of the Signal Department there, and Mr. Simes, who was super-
intendent of a department aiso dealing with signalling at Metro-
politan-Vickers. He suggested they should put in application
forms and encourage those they controlicd to do likewise.

Mr. Webb must have been much gratified to have such interest
taken in his paper. It was the kind they wanted more frequently
at their meetings, and was particularly interesiing, as that
afternoon they had had an opportunity of seeing an actual in-
stallation, Tf there were any more queries, those of them who
attended the Summer Meeting would have a further opportunity
of stating them. He did not think Mr. Webb really wanted a vote
of thanks because he had already had that in their attention and
their reception of the paper, but they would be lacking if they
did not say: * Thank you very much !”

The paper came to be prepared because when he was elected
President he saw that they were going to be short of papers during
his year of office, Subsequently he mct Mr. Webb on Euston
Station and said to him:  You are the very man | am looking
for. I want a paper from you,” and this one was the result.
He said to them all ©* go vou and do likewizse.” If they would it
would give a great impetus to the Institution and certainly be
the means of helping to get better discussions and more papers
than they had had in the past. He asked them to show their
appreciation of Mr. Webb's elforts with acclamation. Members
did so and Mr. Webb expressed his acknowledgments.

The President announced that the next meeting would be
held in London on May 20th, at the Institution of Electrical
Engineers, when a paper entitled * Electro-Pneumatic Signalling
would be read by Mr. R, S. Proud.



