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Automatic Junction Working on the London Underground by M.A.C. Horne 
 

 
Introduction 

The Metropolitan District Railway began introducing power signalling 
in 1905 and set the theme for subsequent installations on the various 
deep level tube lines and their extensions. The system was further de-
veloped by London Transport after its formation in 1933 and despite 
the introduction of modern computer technology is still in place on var-
ious parts of the system. In essence the approach involved the 
deployment of signalling that was entirely automatic wherever possi-
ble, the signals being controlled directly by the movements of the 
trains along the track. At junctions and terminal stations provision had 
to be made for trains changing tracks which could originally only be 
achieved through human agency. This required the provision of a con-
trol system, superimposed on the automatic signalling. The controls 
comprised a frame with miniature levers, each controlling signals or 
points. The levers were mechanically interlocked with each other to 
prevent conflicting moves being set up and electrically locked (as nec-
essary) to ensure signals and points had correctly responded to the 
lever movement and to prevent them being moved when the position 
of a train would render equipment movement unsafe. 

Even with automatic signalling, there were still quite a few signal 
cabins on the system, placing a heavy requirement on London 
Transport for staff. The job they had to do was demanding because of 
the high train frequencies involved, though the actual train operations 
were usually simple enough. To reduce costs, the thrust at first was to 
build signal boxes covering larger areas and then to concentrate whole 
sections of line within one box. As this process proceeded it became 
possible to adapt signal frames to set up whole routes at a time, a sin-
gle lever controlling both points and signals along one route, and 
sometimes two. This required the development of technology that 

could operate from one signal box the equipment at one or more outlying 
boxes. This was necessary because the provision of high-integrity safety 
signalling circuits over long distances was very expensive and the pre-
ferred option was to locate the interlocking equipment locally and control 
it using actuating cables that did not need to meet the same safety re-
quirements. It is the development of this remote control facility that led 
the way to operating junctions automatically. 

At the centre of this article is the programme machine, a device that in 
theory at least could operate the points and signals automatically as well 
as handling minor service perturbations. Some 40 junctions or termini 
were converted to programme machine control, requiring a total of 171 
programme machines. Installation took place between 1957 and 1979, a 
period of 22 years, and large numbers are still in operation. There was sub-
stantial technology change during this period, described in the article. 

The programme machine was not a computer, as such. Despite its 
name, it was not actually programmable at all and could only perform op-
erations it had been designed to do by virtue of its hard wiring and 
general design (the ‘programme’ was the train service stored within it, 
which was strictly data). However it made extensive use of binary code and 
did perform innumerable logical operations and made comparisons with 
real time information that steered its outcomes. It did incorporate storage 
devices, used as required, to guide actions later. It had several modes of 
operation that an operator could select. Later machines used both diode-
diode and transistor-transistor logic circuits and internal ‘flip-flop’ storage. 
They latterly communicated with the outside world using what would now 
be called multiplex cabling. Readers might judge for themselves how close 
all this was to real computing, and it is at least arguable that the Parsons 
Green site was programmable. 

In any event, it was (at least at first) all pretty cutting edge stuff.  
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An example of an early type 
of train description 

transmitter as used on the 
District Railway when power 
signalling was installed. The 
transmission was sent when 

the lever on the right was 
pulled. 

A later design of train description 
transmitter introduced in the 1920s. 
These could be free standing units or (as 
here) installed in the control panelling. 
The transmission was sent when the 
central knob was depressed. 

Train Description 

Central to any means for operating junctions automatically is to be cer-
tain which route is required by an approaching train. It is therefore 
essential to associate with every train approaching a diverging junction 
some automatically transmitted code against which the routing 
equipment tests its intended actions in time for any discrepancy to be 
reviewed manually. 

In fact, the need for an automatic train description (TD) system goes 
back many decades before the operation of junctions automatically. 
The reason was that in many locations the signalman could not see all 
trains and in some cases couldn't see any of them. All was well if the 
trains arrived in their scheduled order. 

The issue to be faced was that on a busy urban railway, where a de-
gree of disruption was inevitable, trains did not always arrive in order 
and sometimes they did not arrive at all. With only his timetable to 
work from, even minor service disruption could cause signalmen to 
confuse one train with another and in due course wrong routes would 
inevitably be set up with consequential delay and the possibility of a 
train proceeding along a wrong branch. It is true that when power sig-
nalling was introduced a comprehensive telephone system 
accompanied it, but it was not feasible, in very busy signal boxes, to 
expect spoken communications to be error free. In any case, telephone 
calls were a distraction liable to generate other mistakes. An automatic 
means of displaying the correct destinations of approaching trains was 

called for. 
The challenge was that signal boxes were often widely spaced, with 

long intervening sections through which many trains could be travelling. 
What was needed was a system whereby a suitable description could be 
associated with a train before it left the area of one signal box and to pre-
sent that same description to the signalman at the next box immediately 
before the associated train arrived. 

It will be apparent that the section of line between signal boxes can be 
likened to a storage device (for trains). In this instance such a device neces-
sarily operates on ‘FIFO’ (First In, First Out) principles, as trains cannot 
overtake each other. If train descriptions could be placed into a compara-
ble FIFO storage device, then it follows that a description associated with 
any train leaving one signal box area must always correspond with the de-
scription for that same train when it entered the next signal box area. This 
would, of course, be extremely easy to do with modern electronic tech-
nology, but it posed a challenge in 1905 when only electromechanical 
means was available. 

Although the engineers of those days did not use modern technical de-
scriptions, they did know about binary coding. If one wanted to confine 
the transmission of data to states of being either on or off, then the use of 
binary coding was an efficient way to do it; in particular, such a method 
used the smallest number of wires (assuming data was not broken up and 
sent serially, as, for example, would be the case when transmitting Morse 
code). It was felt that provision for 15 destinations would be sufficient, re-
quiring the use of four wires. 
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Transmitter design 
from patent. The 

contacts to 
continuous strips are 

shown at top and 
feelers connected to 
segmented (coded) 

contacts are at 
bottom. The 

operating lever 
livens up all four 

strips when 
operated, but only 

certain wires livened 
up depending on 

destination selected 
and which strips 

broken at that point. 

 
We do not know who exactly came up with the concept, but a 

workable train description apparatus along the approach described 
was patented jointly by H.G. Brown and E de M Malan on 25th May 1905 
during which time the District Railway was being equipped with auto-
matic signalling; Brown was employed by Westinghouse to undertake 
this task, so it is likely that the apparatus was devised to meet the needs 
of the District.* 

At the transmitting end the signalman was provided with a box with 
a large rotating selector knob on its face; to this was attached a large 
pointer and the signalman turned the knob to the required train desti-
nation as marked on small plates around the periphery. The correct 
destination having been selected, the signalman operated an actuating 

                                                      
*The device formed part of UK Patent 18540, which patent was subsequently 
worked by Westinghouse. The Metropolitan Railway later used this apparatus, as 
well as the Underground Group of companies. The author doesn’t know if this 
design was used by any other railway. It wasn’t patented in Brown’s native USA 
until 1907 (US Patent 847157), though the application was filed in 1905. 

lever (later, this became an actuator operated by pushing in the selector 
knob) and this briefly livened up the circuit to transmit the destination. 
Inside the box a large insulated disk was mounted on the spindle, and ro-
tated with it. On one side of the disk four concentric circular metallic strips 
were mounted, each insulated from the next, and a metallic spring 
brushed against each, applying a voltage. In the corresponding positions 
on the other side of the disk were four more metallic strips, each connect-
ed to its counterpart on the reverse side, together with four corresponding 
metal springs. These strips were cut away in various parts so they did not 
form continuous circles and the cut-aways were arranged so that the strips 
that made contact with the springs did so in different combinations for 
each of the fifteen positions it was possible to select. † It may be seen that 
the output from the springs brushing against this set of strips was corre-
spondingly different for each of the rotary positions selected.  On the later 
design of transmitter  rotating part carried a range of protruding pins 
mounted on a metal conducting collar; the pins were arranged in parallel 
sets of between one and four such that they would make contact with up 
to four fixed contact strips corresponding with the four code wires. ‡ All 
the signalman had to do was to transmit the appropriate description be-
fore the associated train left his area. 

At the receiving end, the detection of an electrical signal caused the 
storage unit initially to record the code being transmitted and subsequent-
ly to recover it exactly when it was required by the signalman. The 
recovery was effected when the associated train arrived on one of the ap-
proach track circuits, in sufficient time for the signalman to identify the 
train and set up the correct route without causing a delay. This was techni-
cally easier said than done. 

                                                      
† One can argue that with four wires one can get 16 different codes but that would 
involve the use of a 0000 code where no wire was livened up. Because of the way the 
receiving equipment worked at least one wire had to be live, leaving 15 useful codes. 
‡ On the later transmitters, where the selector knob was depressed, a weak spring 
ensured that the period during which the code wires were live was about two sec-
onds. 
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Drum receiver movement. 
When a code was received 
the large solenoid [70] lifted 
the weighted arm [61] such 
that pawl [60] is lifted over 
one of the pins [59]; when 

weighted rod [60] is 
released, the pawl pulled 

the drum round one 
position. The end of the row 

of code solenoids and 
hammers is at bottom [36-

38]. 

Drum receiver 
mechanism (connected 
to movement, opposite). 
The code solenoids and 
hammers are at bottom 
[33 & 37].These act on 
the studs above [28] 
when a code is sent, 
pushing relevant ones 
upwards. These ‘active’ 
studs make contact with 
wipers [44] mounted on 
inner drum [48]. The 
weight [80] pulls back 
the inner drum when a 
train is ‘cancelled off’, 
achieved by pawl [52]. The storage unit comprised a large metal drum around the periph-

ery of which were located 128 metal studs arranged in groups of four; 
the drum was mounted so that it would rotate, the groups of four studs 
moving together. Each group represented one train and there were a 
sufficient number of groups to accommodate the largest number of 
trains that one could ever have in the section concerned (32 was the 
maximum). Near the bottom of the drum the four incoming code wires 
terminated on electro-magnets; these operated hammers which de-
pressed the corresponding studs against mild spring pressure. A latch 
caused the activated studs to remain in the depressed position, the 
combination of studs being depressed having accurately stored the 
transmitted code. After the studs had been operated the drum rotated 
to the next position, leaving a fresh row of studs sitting over the ham-
mers. It may be seen that successive groups of studs have stored the 
descriptions of successive trains.  

Having stored the descriptions, the next job was to read the correct 
group as a train approached the signal box area. This was done by a 
second device that was free to rotate within the main drum; to this 
were attached four electrical feelers that could detect a depressed stud 
and liven up the associated output wire. When there were no trains in 

the section the feelers sat above the bottom set of studs, which were all in 
the raised position. Receipt of a code immediately depressed the studs 
and livened up the appropriate outputs (providing a display to the signal-
man) and at the same time the main drum stepped up one position, the 
feelers moving with it. Receipt of further codes continued to step the drum 
and continued to move the feelers so the ‘original’ next train to arrive con-
tinued to be displayed to the signalman. Once the relevant train had been 
signalled through the area (and operated a specific track circuit) the feelers 
were caused to be stepped backwards by one set of studs, so reading the 
new ‘next train’ to arrive. These processes continued to operate together 
for so long as there were trains in the section; at the end of the day, or 
where traffic was light and there were no trains in the section, then the 
feelers again sat over the studs above the hammers waiting for a descrip-
tion to be set. The apparatus was really very straightforward and reliable. 
Perhaps the only thing to add is that the feeler assembly carried behind it 
a device called a plough which reset the used studs back to their upright 
position (corresponding with no code) once the descriptions had been 
finished with. 1 
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The patent, by the way, also allowed for train descriptions to be 
generated by the trains themselves by simply substituting for the signal 
box transmitter four contact strips at a particular point on the track that 
would engage with four studs mounted beneath the train. The driver 
would set up the destination using a transmitter device in his cab and 
this would be read periodically by track equipment. As far as can be es-
tablished this ingenious idea was not pursued for another half century, 
at least. 

The question now turned to how the next train information should 
be portrayed to the signalman. It was possible to offer the signalman 

merely the code used and expect him to memorize them; to facilitate this 
the four code wires were labelled A, B, C and D and a specific code (for ex-
ample Parsons Green) was simply referred to as BC, indicating that only the 
second (B) and third (C) wires had been livened up. It is known a few signal 
cabins only displayed these codes, for example at Kennington in 1926 
where a box with four visual displays was provided corresponding to these 
codes which were marked on the front. This crude approach was also used 
at many other locations, though sometimes only for second or third trains.  
In most cases life was made easier by use of a so-called ‘combinator’. This 
was a set of relays that converted the binary input into a single output (any 
one of fifteen wires) that corresponded to the original selection made at 
the originating signal box. This output livened up a single lamp, either be-
hind a glass label or adjacent to a printed label, which carried the train 
destination in plain language. 

This arrangement all worked well enough and was extremely reliable. It 
was not perfect. For example a signalman might forget to send a descrip-
tion at all, or might set up the wrong description without noticing. If an 
error was noticed there was no convenient means of correcting it beyond 
telephoning the details to the next box so the signalman there could take 
appropriate action.* Train descriptions had to be transmitted afresh at all 
intermediate signal boxes although where boxes were closed the circuits 
were arranged to retransmit automatically. 

A further refinement was to install storage units and combinators at in-
termediate stations and use them to operate platform train description 
signs. By adding duplicate or triplicate sets of feelers inside the drum stor-
age units it became possible to display the train descriptions of second or 
third trains to arrive. At intermediate stations the feelers were arranged to 
step back as soon as the starting signal was replaced to danger. 

                                                      
* It is true there was a cancel facility, but this was rather crude and only useful if a 
mistake had been spotted immediately it had been committed; once another train had 
been set up then one used the cancel button at one’s peril. 

The lower part of this 
1906 picture shows 

two drum storage 
units. The slip rings 

providing connections 
between wipers and 
outside world are on 

the left of each drum. 
The solenoids acting 
on the hammers are 

at the very back. 
Above the drums may 

be seen the 
combinator unit 

mounted on a heavy 
slate panel. The four 
solenoids at the top 

act on the various 
contactors beneath. 
The 15 output wires 

are on the right of the 
panel. 
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Diagram of 
combinatory 

circuits showing 
how the four 

solenoids at the 
top (representing 
input codes A, B, 
C and D) act on 

the contactors 
below to create 15 
possible outputs. If 

the circuit is 
followed one can 

see (as an 
example) how 

code AD would 
produce the output 

for Richmond. 

The frame at Wood 
Green looks like an 
ordinary signal frame 
of the latest ‘Style N’ 
design but the site was 
fully interlocked by 
relays. This allowed 
routes to and from the 
siding to be set up 
automatically based 
purely on the train 
description codes. 

Train description units of this type were installed at all signal boxes 
between Hammersmith and Mansion House (and between Putney 
Bridge and High Street Kensington) from 1905, and were also provided 
at many intermediate stations to work the platform signs. It was also 
introduced on the Northern Line from 1925-26 when the old Hamp-
stead and City & South London Railways were merged.* These were the 
most complicated and intensively used lines and it is the fitting of this 
system that predisposed these lines to later deployment of automatic 
junction working. 

                                                      
* The Northern Line installation utilized an improved design of drum storage unit 
where electro-pneumatic actuators replaced the bulky old solenoids, but the prin-
ciple was the same. The Northern Line system also required distinction between 
Via Bank and Via Charing Cross descriptions. 

Wood Green Route Setting by TD 

The first example of automatic junction working utilized the train descrip-
tion system to initiate the required route setting. The location was Wood 
Green on the Piccadilly Line northern extension, opened in 1932. There 
was a reversing siding at this location, requiring provision of a signal cabin. 
The equipment comprised a 15-lever Style N power frame but the inter-
locking was all achieved by means of relay interlocking equipment and the 
lever contacts were mere switches, used to call for the necessary routes to 
be set up. 

When the signal box was closed, the operation of a king lever ensured 
that trains continued to pass through automatically. At most signal boxes 
it would not have been possible to use the siding while the box was 
closed, but here arrangements were made for this difficulty to be over-
come whenever the siding was needed by using the train description 
apparatus. When train description operation was selected, a Wood Green 
description on the northbound line would be detected by the local receiv-
ing unit and providing the siding was clear then the relay equipment 
would set the points for the siding and clear the shunt signal guarding ac-
cess. Normal operation would resume once the move had been made. An 
illuminated diagram of the area was duplicated in the signal box at Arnos 
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Ribbon storage 
TD unit. The 
tape moves 

from right to left 
reel. Punch is 

at top right and 
the circular 

device to its left 
is the reading 

unit that 
detects which 

holes have 
been punched. 

Grove where the signalman could supervise the move. When it was 
necessary for a southbound train to leave the siding the Arnos Grove 
signalman operated a special lever in the frame there and set up a train 
description for the train in the siding in its correct sequence. Once the 
previous train had left Wood Green the points shifted for the siding, the 
outlet signal cleared and the train would be on its way, carrying its cor-
rect description. The operation of the lever at Arnos Grove allowed the 
description to be put in its correct position there but suppressed its 
display; the special description was picked up by the apparatus at 
Wood Green and caused to operate the route setting equipment. 

Dell later admitted that he had hoped the system would allow Wood 
Green signal box to be permanently unmanned but this did not prove 
possible. The problem was that once a departure from the siding had 
been inserted in the train description sequence at Arnos Grove it was 
not possible to undo it; even in the five minutes gap between pro-
gramming the departure and the signal actually clearing operators 
frequently needed to alter train time or description and to keep options 
open chose to man the cabin.2 

It should be noted that the train describer system used on the Piccadilly 
Line (and later on Central and Bakerloo) was quite different to that already 
described and had to handle a considerable number of train non-stopping 
possibilities as well as a final destination. The system used only two wires 
and transmitted the required code serially. A sequence of 35 pulses was 
sent (representing binary zero) and at appropriate points in the sequence 
a binary ‘one’ was sent, signified by reversing the polarity. At the receiving 
end the code sequence caused a narrow paper tape to step by one posi-
tion and each ‘one’ code caused a hole to be punched at that point. The 
significance of the punch holes was determined by their position from the 
beginning of the pulse train. Positions 1-12 were used to establish the final 
destination (so up to 12 destinations were possible) while positions 13-27 
were used to establish the non stop code being used (positions 28-34 were 
not used but 35 was used to mark the end of the pulse train). The paper 
tape thus provided the storage medium and when each train arrived on 
the diagram the next set of 35 holes were read, decoded and presented to 
the signalman. The reading mechanism comprised a drum with 27 contact 
pins which engaged with the first 27 positions on the tape, and the pins 
only made circuit connections where holes had actually been punched, 
thus reading the destination and not stop code simultaneously. It is be-
yond the scope of this paper to explain how the descriptions set up by the 
transmitters (there were two, one for destination and one for non stop) 
were coded up and how they were decoded at the receiving end as the 
systems were complex and used Post office type selector units. 

Camden Town Route Setting by TD 

In 1952 a push button control desk had been introduced at a new signal 
box at Ealing Broadway. The usual mechanical frame was provided as well, 
to provide the integrity of mechanical interlocking, but it was arranged to 
operate by remote control.* The push button desk had sets of push but-

                                                      
* A system had been developed by 1943 for actuating signal levers using small com-
pressed air motors, the lever catch handles being removed. The motors were 
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The control desk at 
Camden Town 

came into service 
in 1955. The layout 

and signal moves 
were simple 

enough, but the 
traffic was very 

heavy. The 
installation was 

arranged normally 
to signal trains 

entirely 
automatically using 

the TD system. It 
had only a very 

short life.  

tons, each of which called for an entire route. Sets of relays, cooperating 
with each other when a push button called for a route, identified which 
points and signals were required and called for the necessary lever 
movements in the lever frame. The desk made the signalman’s life easi-
er and enabled him to work from a seated position. The facility to 
preselect routes before they were free of a previous train also speeded 
up operation as a subsequent route was set up immediately the previ-
ous one was free. 

It is said that some time after the Ealing desk had been put in that 
there was a stand up row between the Signal Engineer, Robert Dell, and 
the Camden Town signalman who had seen the Ealing desk and said he 
wouldn’t work it at Camden Town.3 The rest, they say, is history. In 1955 
just such a desk was introduced at Camden Town, though with a major 
change to the mode of operation, maybe resulting from this argument. 

                                                                                                                        
controlled locally by relay sets but the control could be exercised from any dis-
tance away. The control relays and wiring could be achieved economically using 
inexpensive telephone-type equipment since the safety circuitry was not affected. 

The signalling at Camden Town had, until 1955, comprised an ordinary 
lever frame normally worked in the rush hours by two signalmen, the lev-
ers for each direction of service being grouped together to facilitate such 
operation. The new desk only required one signalman who operated push 
buttons, one for each route. However, physical operation of the buttons 
was now intended to be an exceptional event. 

It may this be seen that as any route could be called for simply at the 
push of a button, then if some other agency could be made to produce a 
simple electrical output then this could substitute for the button push and 
set up a route automatically. The obvious candidate was the train descrip-
tion code. The Camden arrangement therefore included relay sets which 
monitored the train descriptions of trains approaching from all four possi-
ble routes and determined whether a left hand or right hand route was 
required. Providing the relevant tracks were free the appropriate route was 
called for as soon as the train approached (or as soon as the required out-
going tracks were unoccupied, whichever the sooner). Camden Town also 
includes a number of trailing junctions and the first train to approach one 
of these seized the route, any other train having to wait. There were in fact 
various keys that could alter the priority of working, or restore full manual 
push button control to all or parts of the layout.  

Mechanical interlocking was retained by means of new interlocking 
machines, in effect vertically arranged signal frames where the levers were 
moved by small electrically controlled air motors whenever a route was 
called for. The process of selecting a route, by either by push button or via 
the train description, operated relay sets which closed a route relay whose 
output called for appropriate point and signal relays to be selected, assum-
ing they were available. When the route was identified as free, the 
appropriate point and signal levers in the interlocking machine were 
called for in their correct order. The circuits on the signalman’s side of the 
interlocking machine were regarded as non-safety, and telephone type 
relays were used to save space. The interlocking machine prevented any 
irregularity causing an unsafe condition and the circuitry on the track side 
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This is a rare 
(and posed) 
picture of the test 
programme 
machine in the 
southbound IMR 
at Camden Town 
in 1957. One 
carrier is being 
changed for 
another. Behind, 
may be seen the 
interlocking 
machine. Space 
was very tight.  

of the machine was of the ordinary safety-critical type. Interlocking ma-
chines could be operated manually, but only by qualified technical staff 
who would remove the compressed air supply first; only technical staff 
had access to these rooms, termed Interlocking Machine Rooms (IMRs). 

In theory the Camden Town automation was a great success, but it 
must be observed that it did not last very long in this mode nor were 
there any other similar installations.* Although the signalman was sup-
posed to monitor operations and intervene if a problem became 
apparent, this must be regarded as a tall order. It is inconceivable that 
such a simplistic arrangement at such a complex set of junctions can-
not have resulted in any number of trains being despatched out of turn 
with consequent havoc further along the line. It is also doubtful that all 
wrong descriptions would be spotted before a driver found himself 
presented with a wrong signal (or, worse, accepted a wrong route). 
Somehow it was necessary to superimpose upon this arrangement the 
discipline of the timetable, and Dell did not want to pass the responsi-
bility back to the signalman if some automatic means were available. 
Thus was born the programme machine, if such a device had not al-
ready been in mind. 

Camden Town Trial 

Dell himself states that the development of the pro-
gramme machine—from inception to getting one 
into service—took about a year, an astonishingly 
short period by modern standards.4 It was helpful 
that the interlocking machine provided a distinct in-

                                                      
* There were other locations where TD-based automatic junction working was an 
option for just part of a layout. For example when Cromwell Road signal cabin 
was re-equipped in 1957 facilities were provided for the westbound junction home 
signal at South Kensington to be operated by the TD, routing Circle Line trains 
into platform 3 and Districts into platform 4 automatically. The westbound starters 
at Earls Court could also be put into TD mode and would route trains automatical-
ly towards West Brompton or West Kensington. This setup also had a short life. 

terface between the safety and non-safety circuitry, which meant that the 
most serious possible irregularity was a small delay to the service. 

The decision was made to undertake a live trial somewhere and Cam-
den Town was chosen, the equipment coming into service on 24 
September 1957.  Just one programme machine was introduced, control-
ling the trailing junction on the southbound line where the two Charing 
Cross branches converged. Only the two junction home signals were af-
fected as the points were not power operated.  Since this junction was for 
practical purposes already operating automatically (effectively in FCFS 
mode) the programme machine simply provided an alternative mode of 
operation where trains could be held so to operate in turn. The option of 
push button operation was not affected.  The programme machine was 
installed in the southbound IMR in front of the frame. 

A repeater machine (identical with the operative machine) was installed 
in the signal cabin where the signalman could inspect it in order to identify 
which train was expected. Control switches were mounted on a panel 
above. It was possible to cancel a train by means of a selector switch that 
needed to be set to a number between 1 and 4, corresponding to how 
many trains  away the ‘cancellation’  was; when the cancellation arrived the 
machine stepped a second time to keep it in step with the actual service. 

The machine 
stepped through 
the day’s service 
until close of traf-
fic and a switch 
was provided so 
the signalman 
could then re-
wind the roll 
back to the be-
ginning. Separate 
rolls were pro-
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This close up of a programme machine shows the programme roll feeding 
from the upper roller past the feelers at the front. There are 30 feelers and 
an additional set of contacts at right hand end which detected whether 
feeler bank was proud of the roll (to allow it to move) or pushed against it to 
detect the hole positions. The holes seen punched within the black band 
were for accurately positioning each of the steps.   

This is a photograph (slightly reduced) of an early programme roll, intended 
for Kennington at the northbound junction from Morden and representing a 
weekday late night service. Having checked the timetable, the Edgware 
trains shown here are movements from the siding, and have to be shown on 
this roll. The typed descriptions (for staff use) relate to the row of holes 
immediately underneath, though information content was different. 

vided for Monday-Fridays, Saturdays and Sundays and the signal line-
man had to change the rolls as required.5 

Very little more is known about this set up. In particular the date the 
experiment concluded has proved elusive and it is not known whether 
there were on-site modifications. Nevertheless it seems reasonable to 
assume the experiment was sufficiently successful to begin work quite 
quickly on a full scale installation. 

Early Programme Machine Installations 

Kennington 

The concept behind the programme machine is simple enough. It was in 
essence a device that could be installed at every junction and had the 
timetable stored within it in a machine-readable form. In the ordinary 
course of events the programme machine ordained which trains were sig-
nalled along which routes, or were held to time, just as a signalman would. 
Unlike a signalman, a programme machine could not think, so several 
safeguards were necessary in order to engage the attention of a human 
being when a decision had to be made. The first was to compare the de-
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Close up of the 
programme 

machine feeler 
bank, with lamp lens 

behind (used to 
illuminate the step 
control holes). The 

actual contact 
breaks are at front 

of feeler bank, 
nearest glass. The 
magnifying glass is 
part of the special 

14-piece PM 
maintenance kit. 

Close up of rear of the 
programme machine 
unit removed from its 
case. Visible at bottom 
right is the large plug 
connector (forming part 
of mounting foot) 
allowing machine to be 
removed quickly. To its 
left is the main drive 
motor. Very visible is 
the lamp, in front of 
lens, used to operate 
the stepping photocell. 
At left hand edge are 
the drive clutches used 
to control movement of 
the rolls. scription of the scheduled train with the actual train description being 

presented and to make sure they agreed: if they didn’t then a human 
decision was called for. The second was to deal with trains that ap-
peared to be presenting themselves out of turn (usually at a trailing 
junction); if this happened the regulator was alerted by a warning bell 
giving him an opportunity to intervene. The third problem was to han-
dle extra or cancelled trains, where a facility for human input was 
required at some point. These were difficult design issues to consider, 
given technology limitations at the time. Why Dell finally chose to pur-
sue a punched roll system has not been unearthed but Appendix 2 
explains how the idea may have originated and the approach was 
widely used outside the rail industry and could be seen in the form of 
pianola rolls and their fairground organ equivalents, and in punched 
paper tape systems and so on. It was not the means of storage that was 
the issue; it was how the information was to be used. 

The locations chosen for the installation of automatic junction work-
ing by programme machines were: Kennington (26 January 1958), 
Camden Town (15 June 1958) and Euston (16 November 1958); these 

represented the main central London reversing points on the Northern 
Line and were chosen with an eye for the supervising control room having 
oversight of the whole area as well as the emergency cabins at London 
Bridge, Moorgate and Strand, which could be closed.6 

It might first be helpful to set out some parameters that constrained 
how the programme machines were deployed. The main factor was that to 
maintain operational flexibility the programme machines were confined to 
operating comparatively simple junction arrangements—of course, com-
plex junctions could always be reduced to a number of simple junctions. In 
practice the number of programme machines required could not be fewer 
than the number of parallel train movements that might be required. The 
second issue, flowing inexorably from this, was that certain moves would 
require programme machines to co-operate with each other, each playing 
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Programme machine 
roll in its carrier. The 
carrier (with roll pre-

loaded) was dropped 
into the top of the 

programme machine. 
Just visible are the 
punched holes and 

typewritten train 
information. 

its part in setting up a larger route; this somewhat added to complexity. 
The third factor was that many moves needed to be made in timetable 
sequence (a shortcoming on the Camden Town TD system), but that 
only a few train movements needed to be regulated by time, for exam-
ple where departing from a terminus. For expediency it was therefore 
arranged that all trains would be controlled by so-called ‘sequence’ ma-
chines, but that where time control was required then this would be 
superimposed by means of one or more additional programme ma-
chines designated ‘time machines’. Through ingenious application of 
the technology, one time machine could satisfy the requirements of 
several sequence machines. 

The first full installation was at Kennington, where, owing to the 
constraints just described, there were four sequence machines (two for 
each direction) and two time machines (one for each direction). 

All the programme machines were physically identical and com-
prised two rollers between which a 9-inch wide* programme roll 

                                                      
* The press notice issued when this site went live clearly states that the rolls were 
eight inches wide, resulting in most technical journals of the time repeating this 
width. A review of the original drawings, inspection of rolls and discussions with 
others who are interested in the subject, all strongly indicate that the rolls were 
always nine inches wide. The maximum width of the actual row of punch holes is 
about eight inches and this may be the cause of the error. 

travelled; the roll was made of Melinex plastic and the machine-readable 
information was applied in the form of holes punched in the roll, one row 
of holes corresponding to each train. Above each row, the associated time-
table information was typed so that technicians and signalmen could see 
what each row represented. Once a train had moved beyond the point of 
control, the dropping of a particular track circuit would cause the pro-
gramme machine to step to the next row of holes so as to be ready for the 
following train; the precise positioning of the roll was controlled by a spe-
cial set of reference holes towards the centre of each row which, by means 
of a lamp and photo cell arrangement, stopped the travel in exactly the 
right place.† 

There were 30 possible hole positions, arranged in two sections either 
side of the central positioning holes and at 3/8 inch centres.‡ Mounted in 
front of each row of holes was a corresponding set of feeler arms. The en-
tire bank of feelers was normally retracted by springs to allow the roll to 
move but when the roll had parked the feeler bank was pushed against 
the plastic roll by a small air motor; where there were holes the feelers 
made electrical connections allowing the code to be read and instructions 
carried out. 

Dealing with the first 16 holes first, holes 1-4 (reading from the left) cor-
responded with the ABCD train description and the code was compared 
by sets of relays with the TD code transmitted from adjacent signal boxes, 
to make sure they coincided; we shall deal shortly with what happened if 
there was a mismatch. Holes 5-8 represented the signalling instructions, so 

                                                      
† Dell recorded that the lamp and photocell control arrangement proved troublesome 
as the lamp could be detected through the translucent plastic. Probably during the 
Camden Town trial, the problem was overcome by painting a black stripe down the 
centre of the roll to blank out the light except where holes were punched; this led to 
trouble because the paint flaked off. It was later found possible to purchase rolls with 
a black stripe included (Dell refers to ‘black rolls’ but no all-black roll has been seen 
and it is more likely he meant the familiar black stripe). 
‡ The plastic roll was wide enough to carry 32 holes but only a maximum of 30 were 
used for information (the other two were photocell-operated and were used for ma-
chine stepping and to signify the rewind stop positioning). 
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This chart shows the arrangement of 
timing holes on the programme roll for 
each time machine and the 
corresponding number of minutes the 
machine must wait before stepping. 
These times relate to scheduled 
intervals between successive trains. 
Departure was not permitted until the 
time machine stepped.   

each programme machine could establish up to four different routes.* 
In effect each of these holes was the equivalent of a route-setting push 
button switch. Route 1 was usually the left hand route and other routes 
worked progressively to the right. Holes 13-16 were not used at Ken-
nington but were available for train description purposes and could be 
used to transmit the TD code to the signal box in advance. This would 
have been required where, for example, a train was reversed and so the 
outgoing TD code would be different from the incoming one.† 

The programme rolls and the spools upon which they were carried 
were mounted in a detachable part of the machine called a carrier 
which could simply be lifted out of the machine. Carriers were inter-
changeable and widely available so that new rolls could be mounted 
up in advance and the carriers just swapped over in the machines as 
required. Each day of the week required its own roll so technicians were 
busy on Friday, Saturday and Sunday nights swapping carriers about to 
get the right services loaded. Special timetables such as Christmas and 
bank holiday services also required special rolls to be prepared and de-
ployed. The maximum length of roll possible was about 40ft, enough 
for a sequence of 1200 trains.‡ The initial proposal was for rewinding to 
be initiated each night by the regulator using a switch on each ma-
chine, but before commissioning this was changed. A special hole 
position was punched at the end of the day’s service which caused the 
roll to rewind to the beginning, so between Tuesday and Friday morn-
ings the roll would be in the correct position to begin the day’s service 
without human intervention.§  
                                                      
* Holes 9-12 were left spare but the design contemplated that they could also be 
used for routes where the layout required. 
† In later installations this was addressed by double-stepping the machines, a 
facility described later. 
‡ This was later increased to 50ft and 1400 trains. 
§ The operation of this revised arrangement was very complicated. In short, the 
time machines on site coordinated the actions of the sequence machines so that 
all was ready for start of traffic each day and that they were not disturbed by over-
night engineering trains or maintenance activity. 

In the ordinary course of events the 
sequence machines simply stepped 
forward as the preceding train depart-
ed and set up the required route as 
soon as the following train approached, 
providing its description agreed and all 

the relevant tracks were clear. Where time control was required some-
where along the route then coordination with the supervising time 
machine had to be provided, in order to hold the train to time. 

Time machines had rows for all trains under its supervision, along all 
routes, set out in departure time order. The mode of operation did not ex-
plicitly relate to time but to time intervals and five holes were used for this 
purpose, offering a count up to 31. The basic time interval was the half mi-
nute so the maximum interval that a time machine could handle in a 
single step was 15½ minutes. The operation was simple. After each step 
the feelers identified the binary interval reading and fed this into a relay 
set designed to operate as a binary counting mechanism. A second input 
to this set originated from a master clock producing half-minute pulses; 
the pulses caused the counter to count down in half minute intervals from 
the time machine reading to zero. Having reached zero an output was 
produced, causing the time machine to step again and the process repeat-Copyrig
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The all-important binary counter which picked up the required train interval 
from the time machine programme roll and produced a step instruction 
after the time had counted down. Each relay has two coils, with one 
activated (or not) by the associated programme roll hole and then latching. 
For each relay a capacitor is charged (or not) by a feed through the chain 
in advance and the clock pulse connects the capacitor across the second 
coil. Depending on whether it was charged or discharged it either latches a 
‘down’ relay (or unlatches an ‘up’ relay because the coils work in 
opposition to each other), thus reversing its binary value, or it has no 
effect, retaining its binary value. The practical effect is that the relays count 
the required interval and provides an output when zero is reached.  

ed.* The time machine always stepped at its correct time, independent-
ly of train positioning, and was normally a step behind the sequence 
machine except when a train was actually being despatched. 

Control was exercised by means of a coincidence unit that read an 
arbitrary code using the four holes 27-30 on both time and sequence 
machines. Where time control was required, the actual routing was not 
                                                      
* A great deal of thought had gone into the counting process. Dell admits that re-
lays were not his first choice and he wished he had had longer to experiment. 
Although he had a dislike for them he started off looking at step switches (as used 
in telephone exchanges) and reported that he had used one at Kennington, which 
was still in use in October 1958 on one machine. He had also tested neon coun-
ters, which was his preferred solution. In the end time constraints caused him to 
select relay-based counters because the technology was understood. 

set up or completed unless coincidence was achieved. The time coinci-
dence holes were repeated after each 15 lines but this was more than 
enough to prevent any confusion if the service were deranged. By way of 
example, say that a sequence machine had stepped and the coincidence 
code required was 0011 before (say) a starting signal was allowed to clear. 
The time machine may still be dealing with an earlier train and sitting on 
code 0010. There is no coincidence so the sequence machine cannot es-
tablish or complete a route. At the appointed time the time machine steps 
and the code changes to 0011. Coincidence is achieved so the route on the 
sequence machine is now set up or completed. The time machine remains 
static until the next train is scheduled and if the sequence machine steps 
for another train the code will be different, so that train will be held until 
the time machine steps again onto the correct set of coincidence holes. If 
two trains are to be signalled at the same time then the two sequence ma-
chines simply carry the same coincidence code, which is how one time 
machine could service several sequence machines. 

In some instances no part of a route would be set up until time coinci-
dence was achieved (for example southbound routes from Kennington); in 
other instances part of the route would be set up (for example a train 
might be routed into a platform), but the starting signal would be held un-
til the correct time (for example Kennington NB). It depended on the 
nature of the site. 

There were instances where a time machine could also set up a route, 
but this only happened where sequence control is inappropriate, for ex-
ample timing a departure from a siding or putting a new train into service 
from a depot. In such an instance the time machine would set up the move 
and the train description and the sequence machines would then take 
over.7 

Leicester Square Regulating Room 

It may be seen that programme machine operation ought to have been 
capable of running a whole day’s service without intervention. Unfortu-
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Interior of 
Leicester Square 
Regulating Room 
showing the 
original (normally 
alight) illuminated 
diagram (at top), 
the push button 
controls for 
signalling, 
beneath. The 
programme 
machine 
repeaters are 
below that, with 
viewing windows. 
Beneath each 
repeater are the 
programme 
machine controls, 
not yet fitted with 
Perspex covers to 
discourage 
accidental 
operation. 

nately there are always liable to be service problems where trains are 
cancelled or operate out of turn or where the service is so deranged 
that continuous intervention is required. For this reason some kind of 
constant supervision is required, together with the facility to alter the 
mode of operation of machines or to step in and revert to signalman 
control. To facilitate this, a dedicated control room was constructed at 
Leicester Square at the bottom of a disused lift shaft and entered by 
means of an inconspicuous door in an interchange subway (the room 
had been used as an emergency operations control during WW2). The 
circular room, built in a 23ft diameter shaft, incorporated a diagram of 
the whole of the central area of the Northern Line together with con-
trols and switches to operate the programme machines and, if required, 
to set up routes directly using push button controls; only those areas 
where signalling was controlled from the room were illuminated 
though, as indicated in the above photo. At first only the Kennington 
part of the diagram was functional, but Camden Town and Euston were 
soon added, together with push button controls for Moorgate, London 
Bridge and Strand (the latter three locations never had programme ma-
chines and were only used in emergencies). 

So that the signalmen knew what was going on at the programme 
machine sites, so-called repeater machines were also installed at Leices-
ter Square. These only repeated the sequence machines and were kept 
permanently in step with them by the equipment (and holes 17 and 18 
on the rolls were used to prove they were in coincidence). Because the 
train information was physically typed on the rolls, the signalman had 
only to look at the relevant repeater to see which was the next train in 
the event there was doubt. It should be stressed that train numbers 
were not encoded on the rolls and the only way of determining which 
train the machine was waiting for was to read the typing above the row 
of holes. The room supervisor was responsible for changing the rolls as 
required and liaising with signal department staff to ensure the same 
rolls were used in the room as were being used on site (this is probably 

the only occasion operating staff would actually touch a programme ma-
chine). 

Where the equipment perceived there to be a difference between what 
the programme machine was expecting and what appeared to be happen-
ing then a warning would sound to draw attention to it. The most likely 
event was a pair of trains out of turn, perhaps because one of them was 
late further back down the line. This would usually result in the transmitted 
train description not matching that on the machine which would sound an 
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View of the 
regulating room 
showing the 
diagram and 
repeater 
machines for 
Kennington, 
Euston and 
Camden Town. 
The regulator’s 
desk, with basic 
communications 
equipment, is on 
right. The picture 
shows how small 
the room was. 

audible warning and initiate a time delay of half a minute.* If no action 
were taken then at a facing junction (after that delay had elapsed) the 
train would be routed in accordance with the transmitted description; 
this was arranged on the basis that being nearly ‘real time’ it would 
probably be correct. If the signalman was aware that the description 
was wrong (and programme machine correct) then he could at any 
time within that delay time press the ‘Programme Machine 
Acknowledge’ button relating to that machine and it would immediate-
ly set up the correct route (retransmitting the correct TD as it did so). 

At converging junctions the descriptions were of lesser importance 
and the most likely eventuality was a pair of trains presenting them-
selves at a junction out of turn. In these circumstances it was preferable 
to keep trains moving and there was an accepted time after which 
trains would be automatically allowed to proceed. The programme ma-
chine would already have stepped to expect the delayed train, which 
had not in fact arrived, and would pause awaiting that train. Meanwhile 
the train on the other branch, which had arrived, would be signalled 
and its passing would be recorded by a relay-operated storage unit (in 
practice, if the delayed train had still not arrived up to five trains from 
the other branch would also be stored).† When the train for which the 
programme machine was waiting eventually arrived it would be sig-
nalled through and the machine would then step forward for that train 
as well as all those ‘stored’ thus getting it back in step with the train ser-
vice. 

If the services were seriously deranged then each programme ma-
chine could be switched into ‘First Come First Served’ mode (FCFS). This 
immediately set a route up at a junction as soon as a train presented 
itself and routed according to the TD code at facing junctions. Time 
                                                      
* As far as can be ascertained all later installations offered TD coincidence warn-
ings and held trains for one minute, but it is not certain where the change 
occurred or when the earlier sites were altered to conform. 
† In later installations, probably coinciding with the introduction of all electronic 
equipment, up to ten trains could be stored. The utility of this is doubtful. 

control was bypassed in FCFS mode. Finally, signalmen could switch out a 
programme machine altogether and set routes up by means of push but-
tons. 

In addition to the various modes of operation a signalman could ‘cancel’ 
a train. Signalmen would generally know about a train cancellation in ad-
vance, by means of the telephone. It was essential that action be taken 
because if a train did not turn up the programme machine would get out 
of step, with chaotic results. It was possible for the signalman to stand by 
the repeater machine and when it stepped onto the cancelled train simply 
to use the key switch to manually step the machine forward onto the fol-
lowing service train, but this was not an elegant solution and sometimes a 
cancellation affected several machines which could not all be stepped 
simultaneously. The answer (also not very elegant) was to provide four 
‘cancel train’ push buttons for each sequence machine. Shortly before the 
cancellation arrived, so to speak, the signalman would inspect the repeater 
and identify that is was (say) the third train away on that machine. He 
would press button ‘3’ which was registered in a relay memory store that 
would count down to zero as trains passed; reaching zero caused the ma-
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Interior of IMR 
at Euston 
showing 
interlocking 
machine at left 
and programme 
machine bank at 
right. Below the 
programme 
machines are 
the various 
controlling relay 
sets. These 
were designed 
as pre-wired 
‘package’ units 
that could be 
configured for 
time or 
sequence use. 

chine to step past the cancelled train. This process would have to be 
repeated on whatever other machines were affected by the cancella-
tion. It was not necessary to adjust the time machines as they worked 
purely by time and would step through the cancelled train whether it 
ran or not. 

The link between the regulating room and the early programme 
machine sites was by multi-core cable where one wire controlled a sin-
gle function or indication (there was one common return wire in the 
form of a copper tape forming a layer beneath the external PVC 
sheath). Each core was just 0.01 inches in diameter producing a cable of 
small size. The circuits were operated by direct current which was 
smoothed where required to reduce induced voltages in adjacent cores 
that could be misleading during testing. The press release for this in-
stallation does not mention how many cable cores were provided or 
how many cables were required. 

The illuminated diagram eventually accommodated all the inter-
lockings within the central area of the Northern Line, including 
Archway and East Finchley. Some of these were purely emergency sig-
nal cabins which were replaced by IMRs or adapted for remote control 
operation using the same type of push button control used at pro-
gramme machine sites. It is probably convenient to note that control of 
Strand (now Charing Cross) was transferred on 29 October 1961, Moor-
gate on 5 November 1961 and London Bridge on 11 March 1962. Each 
was connected to Leicester Square via 127-wire control cables. 

Dell considered the invention of the programme machine important 
and filed a UK patent application on 2 April 1957, before the trial one 
had entered service. Patent 836625 was granted on 9 June 1960.  

Camden Town and Euston 

Although the layout at Camden Town looks quite complicated the track 
layout is really quite simple; in each direction there are two facing and 
two trailing junctions. The initial arrangement provided pairs of se-

quence machines that controlled the facing junctions, requiring four ma-
chines. The machines, and the considerable amount of relay control 
equipment, were erected in the former signal cabin as the IMRs at Camden 
Town were much too small; this required temporary relocation of the cabin 
while the work was carried out. 

Time control was required on various signals, including the two south-
bound starters and also on certain of the various northbound home 
signals which resulted in trains sometimes waiting to time in the tunnels. 
This meant provision of two time machines, one for each direction. Other 
than that, the controls were very similar to that at Kennington. Of course, 
Camden was already operating under direct train description operation 
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The layout at Euston was complicated by scheduled reversing (north to 
south) in either platform and daily use of the siding.  

Diagram showing allocation of programme roll holes at Euston in 1958 

prior to deployment of programme machines (at least in theory), and 
such operation was akin to having programme machines operating 
permanently in FCFS mode (still, in effect, the mode of operation at the 
trailing junctions). Adding programme control not only introduced 
time control but also provided a check on spurious train descriptions 
which could now be identified in time to make an informed decision 
about which route was correct.8  Unfortunately this initial arrangement 
did not prove satisfactory in practice and it was found necessary to in-
stall four additional sequence machines to control the four trailing 
junctions.  

The problem arose from the need for the sequence machines in like 
direction to ‘co-operate’ with each other. It had been recognized that 
parallel moves might not coincide exactly and for that reason it was 
necessary to store information so that a machine could step to let some 
other train run. This had to be done using relay stores that captured the 
required routes, which acted on the trailing junctions and were intend-
ed to keep trains in the correct sequence. It is reported that when the 
service was quiet on the first day (a Sunday) this arrangement worked 
quite well, but the following day, when the service was much busier, 
errors crept in that caused machines to step inappropriately, causing 
wrong routes to be set up. It became evident that the technology was 
not up to the job and the only way forward was to provide additional 
programme machines and remove the storage units. This set the pat-
tern for most future installations where programme machines were 
provided where a ‘simple’ store might have done, though there were 
locations much later where much more advanced storage units were 
provided, in some cases acting as ‘pseudo’ programme machines.  

The new machines for the southbound junctions were added from 5 
July 19599 and for the corresponding northbound junctions from 19 
July 1959.10 The total number of programme machines at this site now 

totalled ten machines in order to preserve operational flexibility. The addi-
tional machines were not provided with repeaters in the regulating room. 

More of a challenge was the introduction of programme machines at 
Euston, on the face of it a simple two track station with a crossover and 
siding at one end. The problem here was that it was a regular reversing 
point for northbound trains, which could reverse in either platform. A se-
quence machine was provided for each direction of traffic but because 
reversing was possible they had to cooperate with each other. A time ma-
chine was also provided as time control was required on all departures. 
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Block Diagram of the programme machine controls at Euston showing 
how each of the 12 routes options are derived.  

Block diagrams showing arrangements at trailing junction (upper) and 
facing junction (lower). Time machines are shown but were not always 
provided. ‘Storage’ is only provided at trailing junctions.  

Machine No 1 dealt with southbound trains from either platform 
proceeding to southbound line or siding. No 2 machine dealt with 
trains from the northbound line or siding to either platform. An innova-
tion here was to arrange No 2 machine to double step, avoiding the 
need for a third sequence machine. In this case the machine first set up 
a route into a platform, but if the train were routed into the north-
bound platform it stepped a second time before the train berthed; this 
was needed so that the equipment knew whether the train was to pro-
ceed north or (if a reverser) to return south. Because it was possible for 
a northbound train to be held to time in the platform it was essential to 
have freed No 2 machine for another move (for example for a train to 
the southbound platform) as quickly as possible. This was achieved by 
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Simplified diagram of track layout at Watford in 1958. There were other 
routes available which could only be set up by push button.  

transferring the time coincidence code from the machine to a 4-digit 
relay-controlled storage unit prior to stepping off the train in the plat-
form; when the time machine stepped onto this code, the northbound 
starter would clear. Code holes 13-17 were used to set up train descrip-
tions for trains reversing at Euston (or entering service from the siding); 
as far as can be ascertained, departing TD codes were provided where 
required by the sequence machines, rather than the time machine as at 
Kennington. It was important for the TD code to be available before a 
train berthed in a platform in order to provide information to the plat-
form indicators. 

Of the 12 possible routes at Euston, three were initiated by one se-
quence machine but required the other to be waiting on a ‘permission’ 
step before the route was set up. This was to prevent the two machines 
attempting to set up conflicting routes. The need for machines to co-
operate caused a huge amount of thinking to be done about how to 
handle disruption. For example, No 1 machine might have stepped to a 
position where it was waiting for a delayed reversing service from the 
northbound platform, which had not yet even arrived. Meanwhile a 
through southbound train was approaching the southbound platform. 
The outcome would have been that the southbound through route was 
set up but the move (maybe moves) were logged in a storage unit. 
When the train reversal via the northbound platform eventually ran 
then No 1 machine was allowed to set up the route upon which it was 
already standing and subsequently stepped additionally by the num-
ber of stored trains in order to get back in step with the service. 

The Euston installation required two 61-core cables to link the site 
with the regulating room. It is at least probable that the same kind of 
cables were also used to connect Kennington and at Camden Town.11 

Watford 

The installation of programme machines at Watford represented the 
opportunity to test how successful they would be in coping with trains 

that moved to and from sidings, and included goods and special trains re-
quiring engine run-round moves. It may have become apparent already 
that each installation of programme machines so far was slightly different 
from its predecessor, and Watford had to incorporate a further number of 
novel features. In addition it had no provision for handling train descrip-
tions, so comparison of the scheduled service with what was actually 
happening was difficult. A few years later Watford was successfully modi-
fied to include provision for trains coupling and uncoupling. 

The arrangement at Watford was different from the installations already 
described in having a single sequence machine and a time machine, the 
latter alone controlling timetabled departures from the platforms. The use 

of a time machine to set up routine routes was regarded as a special case 
possible only because of local site conditions (though we will see later that 
combining the functions of different types of machine became the way 
forward).12 

For northbound trains, the only routes that were available were into ei-
ther platform, and these moves were set up by the sequence machine in 
the usual way. If a train arrived after its departure time then the time ma-
chine might already have stepped past the train on the roll; in this 
circumstance the non-departure would be stored (in a relay store) and 
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Watford programme machines  

Chart of routes and dependencies at Watford and block diagram of the 
arrangements for route setting.  

when the train eventually berthed in the platform the stored outgoing 
route would be set up immediately. 

A distinction was made on the programme roll between ordinary 
multiple unit trains and loco-hauled trains that required the locomotive 
to run round. If the latter arrived then the need for the loco to run 
round was identified from the programme roll and placed in the relay 
store for the relevant platform, releasing the sequence machine for 
dealing with another train. Assuming the necessary track circuits were 

free, further equipment would succes-
sively operate the points and signals so 
that the loco could complete the run 
round moves without human interven-
tion, the moves having to be identified 
as complete before the train could be 
signalled away by the time machine. 

As at other locations the time ma-
chine initiated the moves required for 
trains entering service from the sidings. 
In programme machine operation these 
moves always required trains to reverse 
back into a platform and so the routing 
instruction included the actuation of a 

relay store so the machine could be released as soon as the first part of the 
route has been set up. The relay store operated the points and signals nec-
essary to shunt the train back into the correct platform.* As far as can be 
established the sequence machine identified arriving trains requiring to 
stable and using corresponding relay stores set up the sequence of routing 
instructions as soon as a stabling train arrived. There was no time coinci-
dence with the sequence machine. 

The operations at Watford were supervised from the signal box at 
Rickmansworth, which was equipped with the necessary illuminated dia-
gram covering the Watford area together with programme machine 
control switches and push buttons to set up the routes. The existing signal 
box at Watford was closed and replaced by a new IMR, which also housed 
the programme machines. 

                                                      
* The signalling allowed trains to enter service towards Croxley from either siding, but 
the moves had to be set up manually. 

Copyrig
ht m

aterial do not print



Version 4.60 – 26 December 2015 

W:\WRITINGS\Other publications in hand\ProgrammeMachines\Automatic Junction Working V4.60.docx   Created on 27-Dec-15   Last printed 27-Dec-15 (23) Page 23 of 69 

View of the 
programme machine 
array at Kennington 

taken through the 
glass viewing panel 

at the front of the 
programme machine 

room (formerly 
signal box) at south 

end of platform 1. 
Above the glass 

panel was a sign 
marked “The 

Automatic Mind”. 
The time machines 
are the two on left 

and were later 
removed. 

 
 
 
 

In addition to programme machine mode, it was possible for the sig-
nalman at Rickmansworth to switch in automatic reversing (in either or 
both platforms) and this had no regard for time control but cleared 
departure signal two minutes after arrival. Independent push button 
control was possible too. The provision for cancelling trains or running 
extra trains was very crude and simply involved stepping (or preventing 
the stepping) of the machines at the appropriate time. 

Watford was the fourth programme machine site and entered ser-
vice on 28 September 1959. There was no repeater machine, so the 
Rickmansworth signalman needed to use a certain amount of judg-
ment before stepping in to make adjustments. Perhaps inevitably a 
repeater machine was installed in Rickmansworth signalbox in Febru-
ary 1959; like the repeaters on the Northern Line the train paths were 
typed on the roll in plain language so the signalman could see which 
train was expected next and make adjustments with a heightened de-
gree of confidence (only the sequence machine was repeated). The 
equipment is still in use in its original form, though Watford was the 
only location on this line ever to have used programme machines for 
train routing. 

Service Performance 

Dell admitted to an audience in 1960 that he had deliberately planned 
a gap between the four initial installations and further sites he had in 
mind in order to gain service experience that could be fed back into the 
next batch of installations. He observed that during 1959 there had 
been 17 failures and during 1960 (to October) just five. The five were 
described as: 

• Train describer defect 
• Faulty insulation on a wire 
• Defective telephone-type relay 
• Wrong programme roll inserted by staff 
• Circuit error. 

He felt that the actual programme machine had been proved faultless and 
gradually other errors of the type described could be eliminated. The 
maintenance staff had observed that fault finding was tricky as problems 
could be set up by signalman’s action long prior to the moment they mani-
fested themselves and it was not always possible to establish beyond 
doubt which mode of operation the signalman had selected at the time.  It 
appears that a recording instrument had to be provided. 

The operators were sanguine about the equipment, whilst acknowledg-
ing some benefits. One issue was that it was found difficult for the 
regulator to record all the passing times of the trains, so records were less 
complete than when there were more signalmen on site. A slightly pointed 
observation is recorded that in drawing up a contemporary timetable 
(where intervals were as short as 1½ minutes) the priority was to suit the 
operation of the programme machines; operators thought it would have 
been better the other way around. The signal engineers admitted that the 
whole programme machine exercise had much enlarged their knowledge 
about railway operations and, in particular, they had discovered that the 
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6ft high Siding 
Allocation Panel (top) 
and one of the switch 
units (bottom) use to 
set up train or shunt 
number  

staff were constantly making adjustments to the timetable, anticipating 
or recovering from problems, far more than they had imagined. This 
would need to be considered in future installations. 

The First District Line Installations 
Parsons Green 

Following the first tranche of installations, already described, the next 
were installed on the District Line and came into use in October 1960. 
The locations were the adjacent stations at Parsons Green and Putney 
Bridge and supervision was provided from a regulating room at Earls 
Court. The general arrangement of the programme machines was simi-
lar to the Northern Line installations, with one major advance that will 
be covered shortly.13 

Four sequence machines were provided, together with two time 
machines; this large number of machines requires an explanation of the 
track layout and train working at this site, which was rather unusual. 
The track layout comprised a double track line through the station 
which had just two platforms. However at each end of each platform 
there were one or two sidings, the two pairs at the western end were 
connected to each running line while the various sidings at the east 
end were connected only with one or other running line. There was no 
ordinary crossover between the running lines. 

 The location was used as a coupling and uncoupling point where a 
2-car portion could be added to, or uncoupled from, the east end of the 
6-car main portion, as many trains ran as 8-cars in the peaks. It was 
therefore necessary for a number of 2-car portions to be stabled off 

peak in the various sid-
ings, some of which 
were also used to stable 
full length trains. There 
were three types of roll-
ing stock in use and the 
2-car portions could on-
ly couple to a train of 
like type. Getting the 
right portion ready for 
the right train was com-
plicated, especially 

when the service had been deranged, so shunting of portions between 
sidings was often required, occasionally reversing via the south sidings 
owing to lack of a crossover.* The programme machine installation had to 
allow for all this, together with variations throughout the week in the sid-
ing allocated to a particular type of unit required to couple up to a 
particular train. 

The sequence machines were allocated on the basis of two for the 
westbound line (one for trains arriving and the other for trains departing) 
and one for the eastbound. The fourth machine was dedicated to the work 
required to operate the sidings (since trains would only operate to or from 
one siding at a time this could be achieved by one machine). The siding 

                                                      
* It has been stated that up to 30 shunts a day could be required, though the author 
feels this sounds rather high. Shunting was further complicated because certain 
moves had to be undertaken by ‘shunters’ rather than ordinary drivers. 
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Example of the binary coded 
decimal format used to encode 

the train numbers on the 
programme roll.  

New programme 
machines being 
installed at 
Parsons Green, 
these comprised 
four sequence 
machines and 
two time 
machines.  

machine only stepped when a 
train actually arrived or departed 
from a siding and included a 
number of shunting paths be-
tween the sidings which could be 
used as required. The latter were 
confined to certain convenient times of the day. Each path was given a 
number (in the 3xx series) and if the station master required to use a 
path he entered this number on a series of rotary switches on a large 
panel in his office called the siding allocation panel. The use of a path 
having been signified, when the sequence machine stepped onto that 
line the route would be set up. If the path was not required, and if it 
were not selected before the time machine stepped onto it, then the 
latter would cause the sequence machine to step past the line and the 
shunt path would be ignored. 

The main purpose of the siding allocation panel was to indicate 
which trains were allocated to which sidings. Each section of a siding 
capable of stabling a train or a 2-car unit was identified on the panel, 
together with a set of three rotary switches that could be used to set up 
the train number. It was known which trains were to be composed of 
each type of stock, but care was needed to ensure that units were sta-
bled in a way where the wrong kind of unit would block in another one. 
The following sets out a typical operation. 

Say westbound train 107 was due to stable on 23 Road, adjacent to 
the eastbound line at the west end. If it were an 8-car train then the 
number switches for all four 2-car sections of this siding would be pre-
set to 107. No 1 machine routed the train into the westbound platform. 

No 2 machine determined it was a Parsons Green stabler, and confirmed 
this by checking the transmitted train description. Assuming all was in or-
der, it then confirmed with No 4 machine that the train had been allocated 
to a siding. In turn, No 4 machine transmitted the train number to the sid-
ing allocation panel which hunted for the train; this was achieved by a 
chain of relays which successively checked each train number switch on 
each siding section and compared it with the number offered by the pro-
gramme machine. When coincidence had been found, the hunting 
stopped and the associated siding number was returned to No 4 machine 
which began to call for the route. In this instance the train had to cross the 
eastbound line so reference was made to No 3 machine which, all being 
well, should have been standing on a row relating to that shunt move, 
which was scheduled. It is significant that the wiring within the siding allo-
cation panel was simplified by the introduction of a large number of 
diode-diode logic circuits, an early use of logic technology which was to 
have a major impact on the later programme machine installations. Copyrig
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Example of 
Parsons Green 
programme roll 

from a sequence 
machine. 

Attention should 
be drawn to the 

various shunt 
moves for which 

provision is 
made. A legend 

is given at the 
bottom 

explaining the 
purpose of the 

various holes in 
each row. The 

arrangement is 
entirely different 
from the earlier 
machines and 

now 
incorporates 

train number. 
Later 

installations 
changed the 
configuration 

again.  

It will be apparent that the nature of the working at Parsons Green 
made the application of programme machines quite challenging and 
that it would have been very difficult to do without constant reference 
to specific trains. The early programme machine installations made no 
reference to train numbers in the coding, so the installation at Parsons 
Green had to be rethought in order to incorporate them somehow, a 
set of eight punch holes having to be provided for the purpose. The 

first two holes corresponded to the a maximum binary code of 3 while the 
next two sets of three holes each allowed maximum binary counts of 7. 
Available train numbers thus fell into the range 000-377, omitting the dig-
its 8 or 9* and requiring the whole train number series on the District Line 
to be recast (and even today, no LU train numbers include the digits 8 or 
9). 

The incorporation of train numbers within the roll meant that it was 
now possible to display the train number expected by each programme 
machine electronically in the regulating room, avoiding the tiresome pro-
vision of repeater machines from which the next train number could be 
established by peering through the glass viewing window.  In addition the 
train number (coded on both sequence and time machines) replaced the 
earlier arbitrary code used for time coincidence. 

Uncoupling ceased more than thirty years ago and it is understood that 
the shunting panel is no longer used and trains that have to be started or 
stabled are signalled by push button. 

Putney Bridge 

The installation at Putney Bridge was rather simpler than at Parsons Green. 
The track layout comprised two running lines and a central bay road. Three 
sequence machines were provided, one accepting EB trains from Wimble-
don, another despatching EB trains either from the EB platform or the bay 
road, and the third handling WB arrivals for the bay road or Wimbledon 
lines as required. A single time machine was required, as well. The pro-
gramme rolls also included train numbers which could be displayed in the 
regulating room. 

                                                      
* To have provided for all the numbers 000-999 would have required 16 holes with 
each digit separately coded in the form today we would call binary coded decimal. 
There were felt to be insufficient spare holes to do this. On the other hand, using 
eight holes to produce a number in ‘pure’ binary would only allow the range 000-256 
to be used, with the further disadvantage it was harder for a human to decode. The 
solution adopted was thus felt the best.  
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The control panel for Parsons Green and Putney Bridge was installed in the 
temporary regulating room at Earls Court. The controls at the bottom relate 
to the programme machines and the push buttons for manual route setting 
are above. At the very top are what appear to be warning indications. This 
picture shows original ‘normally alight’ diagram. 

This location formed the boundary between the LT system and that 
farther south, then owned and operated by British Railways Southern 
Region where LT-type train descriptions were not used. It was therefore 
felt necessary to provide a machine purely to originate the description 
of all eastbound trains from Wimbledon, without the possibility of in-
dependent TD coincidence check. This arrangement was modified from 
July 1963 when a TD transmitter was installed in East Putney signal box 
(manned by Southern Region staff ) so that the description of trains 
from Wimbledon could be checked in the usual way. This allowed the 
special programme machine to be removed. 

Earls Court Regulating Room 

When the two District Line installations just described were introduced 
it seems already to have been intended to expand this form of opera-
tion at some future date. It was not yet decided what form this would 
take, or what kind of control room would be needed, so a temporary 
location was identified at Earls Court, near the line divisional offices. 

The equipment comprised a large control panel with a standard 
form of illuminated diagram of the two locations running across the 
top part. Below the diagram were the various push buttons that were 
required in the event that push button operation of either location was 
introduced. Below that were the various switches used to select the 
modes of operation of the various sequence machines. Each of the six 
machine control panels had a three position switch used for selecting 
normal, FCFS or push button operation. 

Whenever each programme machines stepped, arrangements were 
made for the train number to be displayed in the regulating room giv-
ing a positive indication of what train the machine was expecting. The 
train number was transmitted in 8-bit binary coded decimal format and 
decoded at Earls Court. So far as it is possible to establish the train 
number displays were in the form of three neon indicator tubes of the 

‘Nixie’ type*  where the cathodes took the form of thin wire numerals, one 
stacked behind the other, the anode being a thin wire net surrounding the 
inside of the tube; when the appropriate cathode was connected to a neg-
ative supply the associated number glowed brightly and could be viewed 
through a glass window. The only disadvantage was the high anode volt-
age required, generally considered undesirable amongst so much low 
voltage equipment.  

There were also various buttons used for dealing with warning mes-
sages. The ability to identify trains by using train numbers altered the way 
                                                      
* It cannot be established beyond doubt that Nixie tubes were used rather than the 
KGM indicators described later, but that is what is inferred from the IRSE technical 
paper about the installations. 
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The programme 
machine desk 
unit for East 
Finchley, which 
sat on 
regulator’s desk. 
Controls for 
earlier sites had 
been on main 
panel.  

cancellations and extra trains were handled. A storage unit associated 
with the control equipment allowed a regulator to set up the actual 
train number to be cancelled using three rotary switches, and more 
than one train could be stored. When the ‘cancelled’ train was present-
ed by the programme machine the equipment noted that the number 
was in store and simply stepped the machine again. There was a com-
parable process to insert an extra train; the process was akin to train 
cancel, but the train number before the extra one was set up on the 
equipment. When this (scheduled) train approached, the programme 
machine was prevented from stepping for one train only, so the extra 
one would run through whilst keeping everything in step. Each pro-
gramme machine had its own extra train/train cancel switches. 

The whole installation incorporated the automatic storage features 
of the older installations so that late or out of turn paths were ‘stored’; 
when the correct trains did eventually appear they were routed correct-
ly and the equipment remained in step with the service. Automatic 
routing of trains out of turn (owing to a late arrival of the expected 
train) could be disallowed completely, or set to operate at 1 or 2 or 4 
minutes as set by a selector switch in the regulating room.  

Northern Line Again 
East Finchley 

The next site to be tackled (the seventh) was East Finchley, for which 
provision had been made in the equipment casing in the regulating 
room at Leicester Square. By this time experience had been gained with 
the existing Northern and District Line equipment and a number of 
shortcomings were identified which the East Finchley installation 
sought to avoid. 

The layout at East Finchley was fairly complicated and for the pur-
poses of day-to-day operations the machines were purely confined to 
the operation of the junctions north of the platforms where the line 
from Finchley Central split into the routes towards Camden Town and 

towards Highgate Park Junction, all other moves having to be set up man-
ually. In consequence just two sequence machines were required, one for 
each direction of traffic, and, as hitherto, a time machine was provided to 
provide time control over the station starting signals. At this time goods 
trains operated over this section of the Northern Line and, as at Watford, 
these were included on the programme rolls but simply operated a warn-
ing to the regulator who had to set up the route to or from the yard by 
push button, the programme machine remaining in step. 

The East Finchley arrangement very much followed on from the Putney 
Bridge and Parsons Green improvements, and in the regulating room train 
number displays were provided on the main panel with no repeater ma-
chines installed. The programme machine controls included a further 
refinement in that a small control unit was provided on the main desk; 
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The left hand photo shows the East Finchley section of the diagram in the 
regulating room at Leicester Square (unlike the Camden Town site to the 
right there are no repeaters at East Finchley). The right hand picture shows 
the programme machine display unit at Leicester Square showing the 
‘KGM’ indications. 

there was only one set of controls and the programme machine re-
quired had to be selected first (rather than on the District Line panel 
where each machine had its own controls). As on the District, the intro-
duction of train numbers on the programme roll required all the 
Northern Line trains being renumbered in the series 000-377.  

The means of providing the display was to use ‘KGM’ display units 
where each digit or letter to be displayed was engraved on a wafer-thin 
glass strip, stacked one next to the other, with a lead in that took each 
strip to a point over one of ten miniature lamps. Transmitted internal 
reflection caused the required letter or figure to light up when required. 
They were very good indicators and although lamp failure could be a 
problem the lamps were easy to change. These units also displayed var-
ious letters when required and were used to display programme 
machine mode in a separate set of visuals.* These became the de facto 

                                                      
* P meant Programme Machine, F meant FCFS, B  meant Push Button control. 

standard for future installations and had the advantage of needing only a 
low voltage supply. 

As usual, the programme machines compared the actual train descrip-
tions with those on the machine and this required the existing Northern 
Line TD apparatus to be extended to Finchley Central (it had not previously 
been available on the northbound line north of Camden Town). In fact the 
decision had been taken to do this anyway as Barnet and Mill Hill East 
trains occasionally got muddled up at Finchley Central.14 

The East Finchley site came into use in June 1961. At the same time 
Archway signal box was closed and converted for remote control opera-
tion from Leicester Square, but at that stage no programme machines 
were installed there. 

Third Generation Programme Machines 

This set of machines incorporated a number of features that endured until 
the final days of the programme machine and saw the introduction of 
more electronic equipment in the control circuits, though at this point 
they still remained ‘relay rich’. 

Morden and Tooting Broadway and Leicester Square (Upper) 

The installations at these two locations are noteworthy for several reasons. 
First they outgrew the existing regulating room at Leicester Square and 
required a small purpose-built room in the upper floors of the station 
where the line divisional office was located. The new room became known 
as the upper regulating room (and the existing one the lower regulating 
room). In many ways the supervisory equipment was similar to that pro-
vided for the East Finchley installation. The equipment panel included a 
track diagram of the two sites but for the first time ever the diagram was of 
the ‘normally dark’ type where occupied track circuit lit up rather than the 
converse where all track circuits were illuminated except ones on which 
trains were standing. This was regarded as an experiment, successful in the 
event, and it set the standard for all future installations. Unfortunately the 
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The control panel for 
the upper regulating 
room at Leicester 
Square that controlled 
Morden and Tooting 
Broadway.  

Morden and Tooting Broadway were 
the first sites to use scanning to 

reduce the amount of cabling 
required. This is one of the scanning 
units employed, allowing five circuits 

to use a single cable. Later ones 
were much smaller 

The diagram in the 
Tooting IMR is an 
improvement over those 
at Camden Town, but 
still minimalist and 
focusing on technical 
information. Most later 
‘metal’ diagrams were 
painted black.  

instructions do not say what colour 
the illuminated sections were when 
illuminated—all subsequent diagrams 
had the normally dark type of display 
showing trains in red, but there must 
be doubt about the display at Leices-
ter Square Upper until more infor-
mation emerges. 

The second major feature of these 
installations was the control technol-
ogy. Installations so far used substan-
tial multi-core cables to connect the 
regulating rooms with the various 
programme machine sites. The dis-
tance between Leicester Square and 
Morden being about ten miles it was 
decided that it might be more economical to go for a technical solution 
to reduce cost. The answer was a scanning system where each wire in 
the 127-core cable was able to carry five separate channels of infor-
mation, creating 610 virtual circuits, more than enough for the control 
and supervisory requirements.* This was achieved by allocating each 
channel a brief time slot during which information could be sent, the 
critical thing being to ensure that at the receiving end the information 

                                                      
* Readers will appreciate that 5 x 127 = 635, but the number of functions is small-
er as some wires are required to manage the scanning synchronization. 

was correctly read and 
sent to its correct cir-
cuit, requiring reliable 
synchronization of the 
scanning equipment. 

The circuits were controlled by specially designed semiconductor and 
magnetic components which, in the event, proved to be highly reliable. 
The five channels were scanned every 0.9 seconds, and as each input was 
polled for information a corresponding (incandescent) lamp illuminated. 
Arrays of these flashing lamps became a characteristic feature of interlock-
ing and programme machine rooms for many years. The system later 
became known as ‘slow speed’ scanning and lasted until quite recent 
times. The only drawback was a very minor one in that it took remote 
equipment slightly longer to respond. 

The third notable feature was that it was found possible to dispense 
with time machines. By rearranging the data on the sequence machine it 
was found possible to encode the actual time in a suitable format using 11 
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The first lever 
operations board 
at Hanger Lane, 
of similar type to 

Morden and 
Tooting. The all 
transistor logic 

units were 
mounted at 

intersections of 
input (vertical) 

and output 
(horizontal) 

wires 

Diagram 
showing 
relationship 
between 
programme 
machine, 
control room, 
lever operation 
board and the 
interlocking 
machine that 
set up the 
routes.  

punched holes, but it proved possible to dispense with one of the two 
sets of train description holes and there were enough spares for this to 
be done. Four holes (binary 1, 2, 4, 8) were devoted to the hour (am/pm 
time was adequate so only numbers up to 12 were used), six holes for 
the minutes (binary 1, 2, 4, 8, 16, 32) and there was a final hole repre-
senting half a minute. Not all machines required time to be used, but 
where it was then holes 1-11 were used. Holes 12-15 were used to se-
lect the route and 23-30 were used for the train number. The reason for 
this change at this point of development is not known but it seems to 
have coincided with the development of electronic time counters and 
coincidence systems that were a marked advance on the relay based 
system used hitherto; there were also advantages in reducing the com-
plexity of having to have two different types of programme machine. 

Another development (though not the first use) was the introduc-
tion of an all-electronic lever operation board. At earlier programme 
machine installations the demand for a route was converted into calls 
for specific lever movements by complex arrangements of relays. The 

equipment had to control both the forward and reverse movements of all 
levers along a route without attempting to force the locking. Accordingly 
the equipment relied on inputs from track circuit and lever indications as 
well as from the push button or programme machine inputs. The equip-
ment was bulky and quite complex. An all-electronic solution was tested at 
Hanger Lane Junction early in 1961, then controlled from the push button 
desk at Ealing Broadway. A plastic pegboard was produced with cross 
wires on each side, one vertical (for wires calling for routes) and the other 
horizontal (for wires operating the compressed air motors for the levers). 
At the intersections were mounted the appropriate transistorized electron-
ic switches. There were only a small number of installations of this type, 
and it appears Morden and Tooting were two of them. 

At Tooting Broadway just two machines were provided, one for north-
bound (and trains ex-siding) and one for southbound (and trains to siding) 
services. Apart from the observations already made there were no other 
notable features about that installation. 

At Morden there were three platform roads in which passenger services 
from the north could reverse, and a depot farther south with connections 
from each road. It was necessary to provide seven machines to cover all 
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moves. One machine dealt with all arrivals and another with all depar-
tures. There were then allocated three machines, one for each platform 
road controlling all movements to or from the relevant platform, at ei-
ther end. Another machine controlled trains coming into service from 
the depot. The final machine controlled the train describer directing 
passengers to the right platform from the station entrance. This was 
required because it was desired to clear down the destination on the 
indicator half a minute before the signal cleared in order to avoid di-
recting anyone to a platform just in time to see their train leaving.15 

The equipment provided at Leicester Square (upper) was similar to 
that for East Finchley except that the desk unit was also capable of op-
erating the train description sign at Morden. There were also some 
additional operating modes at Morden to ease the pressure on the reg-
ulator when the service was seriously deranged. This included a facility 
when FCFS operation was selected to despatch the next northbound 
departure by pressing a ‘starter’ button. It was also possible to dispense 
with the programmed platform working and send southbound trains 
into the next free platform.  

The Morden and Tooting installations were also the first to use an 
innovation known as a magnetic amplifier; these were used in the indi-
cation units, route control units and as part of the new scanning 
equipment. These amplifiers were used to provide boosted outputs re-
quired by certain equipment, a job that would have been done earlier 
using relays, and became a standard feature.16 

The magnetic amplifier was known in the 1920s but was highly de-
veloped by the Germans during the Second World War. In its use by 
London Transport the design was arranged to act as a solid state 
switch, the existence or not of the low power dc control circuit corre-
spondingly switching the alternating current output on or off. The ac 
winding was powered by a 7 kHz signal and was effectively acting as a 
high impedance choke. With no dc applied, the choke heavily restricted 
current flow and produced a low voltage output. If sufficient dc was 

applied to the separate dc winding the core became magnetically saturat-
ed, which much reduced the impedance of the choke allowing current to 
flow and much increasing output voltage. The amplifier output was con-
verted into a ‘useful’ output by a separate transformer in series. If a dc 
output were required then the ac output was simply rectified and (if nec-
essary) smoothed. Several different types of unit were constructed as 
standard, depending on use to which they were being put. 

The press articles recording this installation observe that it was the long 
term plan to relocate the lower control room at Leicester Square into larger 
and more congenial accommodation in the upper parts of the offices over 
the station, known as Transad House (as it was also the headquarters of 
British Transport Advertising).* Probably for that reason the overflow ac-
commodation for Morden and Tooting was in temporary space next to the 
line control offices and it is recalled that the control unit was for some rea-
son on wheels. We will cover the actual course of events later on. 

Turnham Green and Hammersmith 

The installation at Turnham Green came into service on 3 October 1963. In 
principle it was very similar to the equipment at Morden and Tooting and 
was supervised from an extension of the temporary regulating room at 
Earls Court. The 3-mile distance between these locations again justified the 
use of the slow scanning system using a single 127-wire cable. There were 
further innovations, for example control circuits and signalling indications 
now adopted the magnetic amplifier, eliminating mechanical switching 
contacts. 

At the two IMRs an entirely new design of lever operation board was 
employed.  The development of all-electronic technology had been pro-

                                                      
* The prevailing policy was to move the system’s Line Controllers to new premises on 
their own divisions. The space vacated could be used to create a new control room, 
co-locating the Northern Line controller with the regulators, thought likely to improve 
communication. This plan was implemented, but with the construction of the Victoria 
line it was necessary to build new premises at Cobourg Street rather than converting 
Leicester Square, covered later. 
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Track layouts of Turnham Green and Hammersmith. The former was 
much simplified soon after the new signalling was commissioned.  

gressing since April 1960 and a prototype unit had been erected at the 
signal training school at Earls Court; this suggested a number of im-
provements that were incorporated into the initial Hanger Lane 
design.17 Nevertheless, the pegboard arrangement was not considered 
entirely satisfactory and the new boards at Turnham Green and Ham-
mersmith comprised a matrix of solid brass strips, inputs in one 
dimension and outputs in the other. Electronic gate modules were fixed 
at the appropriate intersections by screws. This compact arrangement 
set the standard for future installations.* 
                                                      
* It was the immediate intention to install the new equipment in IMRs at Archway, 
Strand, Moorgate, London Bridge Stockwell and Clapham Common. 

Three programme machines were provided at Turnham Green, No 1 
controlled the eastbound trailing junction where the Ealing and Richmond 
lines merged, No 2 controlled eastbound (District) departures from Turn-
ham Green, and No 3 controlled the WB Ealing/Richmond junction and 
provided time control on the westbound District Line. A slight complica-
tion was the eastbound goods route that connected with the eastbound 
Piccadilly Line west of the station and a loop east of the station where 
goods trains could reach eastbound District. These were not programme 
machine controlled and had to be set up manually. 

By this time allocation of the holes in the programme rolls had been 
standardized (for new installations) and were as follows: 

1-11 train time count in binary (hrs, mins and half min) 
12-15 route holes 
16 end of service 
17 double step (where required) 
18-22 train description 
23-30 three-digit train number in binary (000-377, omitting 

8s and 9s). 
The Hammersmith installation was more comprehensive and followed 

on 5 January 1964. It included all the improvements seen already at Turn-
ham Green. The track layout comprised a central siding between Barons 
Court and Hammersmith (at that time used for regular reversing of trains 
from central London) and which could also be used as a loop for trains re-
versing in either direction at Hammersmith. There were junctions east of 
Hammersmith between District and Piccadilly Lines allowing trains from 
either line to access the other. To deal with all this, seven programme ma-
chines were required. Two machines dealt with eastbound trains from 
Hammersmith, another three dealt with westbound trains approaching 
Hammersmith (and station starters) and two more dealt with Piccadilly 
trains departing Barons Court west or arriving Barons Court east. Goods 
trains were signalled through automatically as required, provided they had Copyrig
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Lever operations board at Acton Town East, of the same type pioneered 
at Turnham Green and Hammersmith.  

correct train description (they were not put on programme rolls but a 
goods train description would prevent machines stepping). 

The distance to Earls Court regulating room being short, slow speed 
scanning was not used and control and supervisory functions used one 
217-wire and one 127-wire cable.* The extended diagram at Earls Court 
used the normally dark protocol and the literature expressly states the 
track indications were in red. 

Finally, a word should be said about the way the weekly train service 
was mounted on the programme roll. In early installations a separate 
roll was provided for each day of the week, but at some point prior to 

                                                      
* The Hammersmith cable capacity is drawn from a technical article. Press infor-
mation suggests 2x217 plus 1x127 core cables. 

March 1964 an electronic time counter was devised which included provi-
sion for counting days of the week. This made it possible to mount the 
Monday–Friday (M-F), Saturday and Sunday services on a single roll, using 
the electronically-originated day of the week to cause the programme ma-
chine to rewind at the end of the M-F section or just run through via 
Saturday to Sunday night and then rewind. This saved much travelling by 
technicians simply to change rolls over (though they still had to do so for 
special services).† Day counters with 7-day rolls were certainly used at 
these two sites. 

The rewind process needed to shut the machine down between end of 
traffic one day and start of traffic the next to avoid spurious operation by 
engineers trains or engineering work. After the last train of the day the 
programme roll stepped to an end of service position (hole 16 punched) 
where it parked. At 3 a.m. all programme machines correctly standing at 
‘end off service’ were caused to rewind to the beginning of the rolls by a 
rewind clock output set up to operate at that time. The machines rewound 
until a special punch hole was identified at the beginning of the roll where 
a photocell and lamp arrangement caused the rewind to halt. The machine 
then stepped forward until the first row of ordinary holes was reached 
where it again parked. It finally stepped onto the first train two minutes 
before it was due.‡ 

 
 
 
 

                                                      
† There is some evidence that 7-day rolls were provided at a few sites before the time 
counter had become available and the regulator selected the service required by 
means of a 3-position switch. The sites at which this was done are not known but 
may have included the Morden and Tooting sites. Not all sites had 7-day rolls, simply 
because the machines lacked physical capacity. 
‡ This arrangement is described as typical in 1967, but there is later evidence that 
exact arrangements varied slightly locally. 
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The Regulating room at Earls Court around 1967. The programme machine 
diagram is at the top with illuminated diagram beneath and the pull-out panels 
with route switches at the bottom. Between the two diagrams is a narrow 
panel where programme machine warnings were displayed. The regulator’s 
desk equipment appears quite modest by later standards and comprises 
programme machine controls (a second set having now been installed) and 
small proprietary telephone switchboards. 

Earls Court (new) regulating 
room in 1965. Although con-

trolling Ealing Common to 
Hammersmith, and Putney 

Bridge and Parsons Green,  
there was but one regulator’s 
position with space on left for 

a booking assistant. It is not 
so spacious now. 

The Final Generation of Programme Machines 
Earls Court Regulating Room 

The successful introduction of programme machines at four sites on 
the District Line was a clear indication that this mode of control could 
be spread more widely. A huge constraint was the temporary regulat-
ing room at Earls Court, which would not have been anything like big 
enough for covering a larger area. The result was construction of an en-
tirely new control room. The management philosophy of the time 
required service supervision, service control and day to day manage-
ment to be co-located and as the divisional offices were at Earls Court 
then space had to be found. In the end it was felt that the circular ticket 
hall at the Warwick Road end of Earls Court station offered opportuni-
ties as it was the right shape and there was nothing built above it. A 
circular regulating room was thus built above it, the diagram build 
around in inner wall with space behind for technicians to work. As at 
Leicester Square, the regulators sat at desks in front of the diagram. A 
new feature was provision for the two line controllers who had their 
own desks on a raised dais at the back. The design meant that the room 
had to have a solid concrete floor, which was not ideal. The next room, 
at Cobourg Street, was given a false floor greatly facilitating cable rout-
ing. 

The new room at Earls Court (opened on night of 11 July1965)* utilized 
the latest technology and was the prototype for the larger one at Cobourg 
Street, opened in 1968.  This location was the first to deploy a duplicate 

                                                      
* The temporary room closed on 12 December 1965 when all the old sites had been 
transferred. 
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Part of pro-
gramme 
machine dia-
gram showing 
destination 
and train 
number dis-
plays and the 
lamps showing 
PM mode.   

Part of illumi-
nated diagram 
for same area 
as above 
showing track 
sections with 
strips illumi-
nated in red 
where there 
was a train.   

track diagram (above the one showing the trains) that showed the pro-
gramme machines, modes of operation, train numbers and train 
descriptions. The programme machines and mode of operation was 
denoted by a small multi-coloured lamp at each location. The lamp 
normally showed a steady green light, which meant the programme 
machine was in ‘normal’ mode. If the machine were switched to ‘pro-
gramme machine only’ mode then the green lamp flashed. If FCFS 
mode were selected then the lamp colour was a steady yellow, while 

steady red meant the site was in push button mode. These indications 
were the same as those shown on the lamps fitted to the front of the pro-
gramme machines themselves. Destinations and train numbers were 
denoted by the now familiar KGM indicators, first used on the East Finchley 
panel at Leicester Square from 1962. 

Below the programme machine diagram was the traditional ‘signal box 
type diagram. We have already observed that when the Morden and Toot-
ing panel was introduced (at the upper regulating room at Leicester 
Square) it was of the novel ‘normally dark’ type, where the presence of a 
train was denoted by illuminating the track section (in red) rather than 
darkening it as hitherto. Evidently regarded as successful, the temporary 
regulating room at Earls Court was converted to normally dark from 1st 
September 1963 and whilst the date of conversion of the lower regulating 
room at Leicester Square is not settled beyond doubt, the meagre evi-
dence hints at a date late during 1966. 

The reason for conversion to the type where an illuminated red strip 
(on an otherwise normally dark) diagram has not yet been discovered, but 
the circumstantial evidence indicates this only occurred where any part of 
the layout on the illuminated diagram was controlled by non-safety cir-
cuitry (where the representation of a train on the diagram could not be 
guaranteed beyond doubt); interpretation is supported by the regulations 
of the day. The matter was of importance because the signal telephones 
were terminated on panels in the early control rooms and the signalman 
was authorized to allow trains to proceed past signals (subject to addition-
al procedures where a train had to travel over points). 

The original regulators’ desks were not very different from ordinary of-
fice furniture and had telephones and a small programme machine control 
unit, fixed to the desk top. As at Leicester Square, the push-button controls 
(which the signal engineers fancifully called ‘emergency push buttons’ 
were mounted on the diagram itself, though concealed in trays that could 
be pulled forward to access the buttons (these were almost always open, 
suggesting moderate use). Even with control extending just between Ea-
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Part of push 
button desk at 

Earl’s Court 
showing the 

special service 
buttons on the 

right hand side.   

ling Common and South Kensington (14 interlockings) there were 256 
route-setting push buttons, controlling 230 signals and 144 sets of 
points.  

The regulating room required its own so-called relay room where all 
the links to the remote site were terminated. Though termed a relay 
room, it was described at the time as all electronic with the incoming 
and outgoing circuits terminated on the scanning devices and pretty 
much everything else on logic cards or specialist electronic storage de-

vices. Almost no relays were actually installed, greatly improving reliability. 
The Acton Town location alone required cables totalling 350 wires, provid-
ing 1750 controls and indications.18 

The long term plan, it was stated in 1968, was to extend programme 
machine control to the whole of the District and Piccadilly Lines, requiring 
an ultimate total of 94 machines.* Some provision was made for this in the 
equipment installed, but in the event programme machines never got far-
ther east than Tower Hill on the District while newer technology was used 
on east end of the Piccadilly.  

High Street Kensington and Earls Court 

It should be recorded that there was an unusual operational requirement 
at High Street Kensington and Earls Court owing to the variety of timeta-
bles that were required that varied from day to day. This was the variability 
of the Olympia train service (which only ran during exhibitions there) and 
of enhanced football services. 

To ease the burden on operators the alternative services were provided 
on the programme rolls, interlaced in time order with the regular service. 
The extra trains were marked up by specially punched holes which identi-
fied them. Switches in the regulating room selected the particular service 
in operation by selecting or ignoring the relevant extra trains by matching 
up the special service holes—if the extra trains were not required the pro-
gramme machine simply stepped past the unwanted positions. 

The original service selection arrangements are not known, but may 
have been a selector switch. When the desks were re-equipped the selec-
tion was achieved by means of push button switches. It is understood from 
control room staff that special football services were unusual in practice as 
special trains were frequently cancelled, staff shortages being a huge 
problem in the 1960s and 70s. 

                                                      
* Buttons were even installed for use at Aldgate (6 PMs) and Whitechapel (7 PMs). 
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General view of 
Cobourg Street 

around 1969, 
Victoria Line 

controller on left, 
Northern on 

right. The Victo-
ria Line 

regulator’s desk 
and diagrams  

visible in back-
ground. The 

CCTV is an af-
terthought.  

The Victoria Line regulator’s desk as installed, a technical leap forward 
from Earl’s Court with completely redesigned programme machine control 
unit built into the desk. The site control push buttons have grudgingly been 
moved from the diagram panel to the desks at Cobourg Street, though still 
hidden away, this time in the desk drawers (just visible). They were still re-
garded as emergency devices, though the drawers were often left open 
suggesting frequent use. The telephone equipment has been beefed up 
compared with that at Earls Court. London Transport was extremely proud 
of this gleaming new equipment and official visits were frequent. These are 
local authority dignitaries being shown around by R.M. Robbins, managing 
director railways. The regulator is believed to be Arthur Langridge. 

Victoria Line and similar installations 

We have already seen the introduction of modern electronic technolo-
gy in the equipment installed in the 1960s. With modern components 
rapidly becoming widely available and costs dropping it was natural to 
try and use electronic components as alternatives to relay-based 
equipment because it was smaller and perceived to be more reliable. 

It will probably be convenient to regard the Victoria Line installa-
tions as the best examples of all-electronic kit because large numbers 
of machines were installed of near-identical design and they were all-
electronic from the start (apart, of course, from the actual programme 
roll drive and reading equipment which was similar to the earlier ma-
chines). 

Machines were installed at six locations where trains normally re-
versed or entered or left service; the intermediate emergency reversing 
points at Warren Street and Highbury, and the connections with the 
Piccadilly Line at Finsbury Park, were under push button control, 
though automatic reversing could be established if required. The ma-
chines were supervised from an entirely new circular control room at 
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Identra selector 
and coil unit 
mounted in 
Victoria Line 
driving cab 
roof. Turning 
the selector 
knob altered 
the frequency 
of the tuned 
circuit of which 
the roof 
mounted coil 
formed a part. 
The link on the 
right hand side 
was opened 
when the cab 
was in the 
middle of the 
train, cutting 
out the coil.  

Cobourg Street (near Euston) which was in arrangement rather like that 
at Earls Court but much larger.  Like Earls Court it had an illuminated 
diagram of the whole line showing the position of every train. Above 
that was another diagram showing the programme machine locations, 
mode of operation of each machine, and the destination of the next 
train using the familiar KGM units. 

There was a single control desk in front of the diagram. The tele-
phone controls were installed on top of the desk in front of the 
regulator, but unlike most previous installations signal telephones were 
terminated at panels on station platforms rather than direct to the reg-
ulator, requiring station supervisors to deal with such calls. This is 
reputed to have been done on cost grounds. A new communications 
facility was provided in the form of carrier wave radio and the regula-
tors could use this for passing routine information and equipment for 
this was also mounted on the desk top.  

The only other equipment mounted on the desk top was the control 
panel for supervising the programme machines and was a further de-
velopment of that used at Earls Court. Again the push buttons for 
operating the points and signals were placed in drawers either side of 
the desk unit, it being felt they would be seldom required. It was later 
identified that they were required more than thought, and in any case 
the button indications represented real time activity and were helpful 
to the regulators. For the more mundane reason that the flexible ca-
bling became a problem the buttons were later all relocated on top of 
the telephone equipment where the regulator could see them all.  

The transmission of train descriptions no longer relied on the tradi-
tional ABCD codes since a means of positive identification was sought 
that also reduced the number of wires needed. Recourse was had to an 
approach used in both Chicago and Stockholm where a signal was 
transmitted from the train and picked up by trackside equipment. The 
London adaptation of this system was called ‘Identra’. 

In the roof of each leading train operator’s cab above the driving posi-
tion there was a large rotary switch which selected the tuning frequency in 
an adjacent coil mounted in the train roof. Any one of eight possible fre-
quencies could be selected, each one of which corresponded with a 
particular destination. By rotating the knob such that the pointer aligned 
with the destination printed on the surrounding label the corresponding 
tuning frequency was selected; the frequencies were in the range 60-
95kHz. 

Receiver units were provided after each junction where the ordering of 
trains could change. These contained oscillators operating at 53kHz; in-
cluded within the circuit was a coil mounted in the tunnel roof in a 
position corresponding with that on the train. As each train passed, the 
coils interacted with the consequence that for a brief period the fixed cir-
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General view of Victoria Line IMR with programme machines at left, inter-
locking machine taking centre stage and lever operations board behind it. 

Interior of Kings 
Cross (Victoria 
Line) IMR ‘VH’. 
This represents 
one of the more 
cramped locations 
on the line. 
Programme 
machines and time 
coincidence in 
foreground. Lever 
operations board in 
background and 
interlocking 
machine at far end.  

cuit was caused to oscillate at whichever of the higher frequencies had 
been selected on the train. The output was fed to stations and inter-
locking machine rooms in advance where the appropriate destination 
pulse was identified and placed in an electronic storage unit, sufficient 
to capture the destinations of all the trains approaching. These were 
displayed on the platform indicators and cleared down as the associat-
ed trains operated the departure track circuits. 

Inside the IMRs it was necessary to provide a mechanism for com-
paring the transmitted descriptions with those coded on the 
programme rolls, as hitherto. This could not be done directly because 
the coding systems were now different and there was not room on the 
rolls to provide additional holes for the TD. The outcome was a need to 

convert the transmitted code that had been stored (offering one of eight 
outputs) into binary form, which was achieved by a purpose-designed 
electronic card carrying suitably configured transistors and diodes. The 
output was in familiar ABCD format which was then compared with the 
programme machine output in the usual way.  

Approaching terminal stations the train operators altered the Identra 
setup to the setting required for the next trip; this ensured the platform 
sign and programme machine were correct for the following trip. The same 
frequencies were used in both directions of travel and only their associat-
ed destinations differed.* Unfortunately the use of Identra became a bone 
of contention among the train operators for a while, and they refused to 
use it. This did nothing to improve service reliability but fortunately the 
dispute was settled fairly quickly and its use became an invaluable service 
aid. 

                                                      
* While the Identra equipment at each end of the train was identical, the labels dif-
fered such as to be appropriate for the direction of travel. Secondary labels were 
provided so that operators of trains approaching terminals could set the correct desti-
nation for the opposite direction of travel.  
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Time 
coincidence unit 
showing (in left 

columns) PM 
time and ‘right 

time’ in RH 
columns. Time 
coincidence is 

shown by lamp 
at top, but blown 

bulbs are a bit 
misleading. The 

Mk II binary 
clock is the 

metal clad unit 
underneath.  

Ealing Broadway is 
a fairly modern 
installation, the two 
Hanger Lane 
machines are on left 
controlling junction 
remotely. The 
diagram represents 
the most modern 
style used. Note the 
clock where the time 
is set out in binary 
code. The 
interlocking here is 
an old Style N 
frame.  

The actual operation of the programme machines was much as de-
scribed previously, and the same arrangement of holes was allocated to 
the various functions. The means of operation of the machines had pro-
progressed somewhat and can probably be rationalized into two areas. 
First there was the physical control of the machine up to the point 
where it offered up a route that was needed, and second there was the 
requirement to set up a route by operating the levers in the right order 
without ever pushing against the interlocking. In both instances every-
thing revolved around a succession of electronic decision making of 
the ‘if this, then that’ type for which the emerging technology of transis-
torised logic gates was well suited. Allied to the logic train was the need 

to store certain types of information, such as an out-of-turn flag, which 
again was simply achieved by very simple circuitry using transistors and 
diodes. 

The LT solution was to avoid producing bespoke solutions for each in-
terlocking and use common circuitry where possible. In addition logic 
circuits of various types were devised, and storage and coincidence devic-
es, which were preassembled in standard formats on plastic logic cards 
that fitted into standard rack units; these were all colour-coded for easy 
identification. 

There was a fundamental difference between the operation of relays 
and of electronic switches. In the case of a relay each possible contact was 
either on or off, the latter corresponding to an open circuit. In electronic 
logic not only was an open circuit not possible but an additional logical 
output could be produced such that if an output was not present (a logical 
zero) the alternative (a logical 1) could be produced from an additional 
output line by using something called a ‘not’ gate, effectively inverting 
whatever reading was being input. Producing a positive response to a lack 
of a condition was less easily achieved with relays and was very useful in 
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General view of north IMR at Golders Green, with its veritable platoon of 
machines (which also controlled South IMR). The electronic code cards are 
visible on right and diagram of the whole area in background. 

Photo below.  Close up of the racks of code cards at Golders Green, each 
colour denotes a different type of logic circuit. The upper white boxes are train 
number coincidence units. 

designing logical circuits that were very robust and able to test more 
conditions that had been possible with relays. All the same, we are still 
talking about days when one could not just walk into an electronics 
store and buy cheap logic circuits mounted on microchips that you just 
had to string together. The circuits had all to be designed using transis-
tor–based switches where the outputs were of a variable and 
ambiguous character and amplifier sets had to be installed in order for 
all outputs to represent a definite logical 0 or a 1. 

Electronics were adopted for all the storage functions. The Acton 
Town installation (1965) was the first to use thyristors* for electronic 
                                                      
* A thyristor is another name for a silicon controlled rectifier. This is basically a 
diode (a device that lets electricity pass in one direction only) but it normally does 
not conduct at all. If a third connection is made live, even only briefly, the device 

                                                                                                                             
goes into conducting mode and remains conducting until the current passing through 
is cut off, even if only briefly. This gives the device the ability to ‘remember’. 
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Programme 
machines for 
Hyde Park 
Corner (left) 
and Kings 
Cross (pair on 
right), all 
located at Earls 
Court in the 
relay room. 
These had only 
limited modes 
of operation 
and did no 
route setting.  

storage to accept momentary inputs which fired the devices and creat-
ed the store. The design was incompatible with the electronic 
equipment that was becoming available and was not used again, a new 
design being developed. The thyristor was later widely used as a con-
venient device for accommodating storage requirements. 

An example of the logic process might be helpful, say an ordinary 
programme machine step. A train has proceeded through a facing 
junction. Checks are begun when the replacing track is occupied. A 
check is made that that it is not an extra train and it is not the end of 
service. A check is then made that the trainstop on the junction home 
signal has returned to danger. A check is made that the reverse PM 
drive photocell is not active (proving there is a roll in the machine). A 
check is made that the PM fingers are engaged (proving the roll is not 
being rewound. A check is made that a track farther ahead is still up, 
reducing risk of a double step if the replacing track bounces. If there is 
storage than this needs establishing as the roll will have to move more 
than once. This example is given simply to indicate the large number of 
checks to be carried out before every programme machine operation 
and how it is simple to do with small electronic logic units and more 
difficult with relays. 

Post Victoria Line era 

The installation at Golders Green is worthy of mention for a particular 
feature used at the location, though possibly not uniquely. Although 
there were 11 physical programme machines, there were three more 
virtual machines; these were numbered up as programme machines 
but did not have controls at Cobourg Street. They were actually special 
electronic storage units, one for each platform road, and to which com-
plete train information was passed by the offering programme 
machine, releasing it for another action. In each case a ‘real’ programme 
machine, with time control, checked what was in these storage ma-
chines before signalling a train forward, and information had to agree. 

In addition, there was another programme machine dedicated to control-
ling signs relating to southbound departures, a difficult matter both 
technically and for passengers to comprehend at this difficult site. Though 
this was a real machine it fed off data from other machines and was not 
represented by controls at Cobourg Street. There was a similar arrange-
ment at Edgware. 

The last ‘normal’ programme machine installation was at Charing Cross 
on the Jubilee Line when it opened in 1979. Like Hatton Cross, only one 
machine was provided. * The arrival of a train was signalled automatically 
into a platform; the bias was for the northbound platform, but switches 
allowed the supervising signalman to select single platform operation us-
ing either platform as well as ordinary push button control. The 
programme machine simply controlled the on time departure of a train 
and generated its train description.19 

There were two later installations controlling timed departures at Hyde 
Park Corner and Kings Cross, but these were not really typical of their de-

                                                      
* There must be a suspicion that the Hatton Cross equipment was simply relocated to 
Charing Cross as the conditions were very similar. 
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This is a black metal illuminated diagram dating back to the 1967 
alterations at Euston. The lamps at the top show which route has been 
selected, the ones at the bottom show which way points are locked and 
where time delays are in progress.  

This is a very early type of machine room diagram, about as basic as 
one could get. 

ployment and (uniquely) were located in the regulating room at Earls 
Court. The Hyde Park Corner arrangement was part of a major resignal-
ling of the area that resulted in an extraordinarily comprehensive 
selection of operational modes. These included automatic reversing at 
Hyde Park Corner, in either direction and in the eastbound direction 
relating either to all trains or those only those described as Hyde Park 
Corner. The programme machine related only to the eastbound line 
and operated either in FCFS or programme control, the latter being 
switched in if it were important to hold trains to time. Another FCFS 
option was to switch in the ‘balanced headway control’, installed in 
1970, where EB trains were automatically held by the starter in order to 
automatically balance intervals between trains. The arrangements at 
Kings Cross (the last installation) were rather similar except that a pro-
gramme machine was provided for each direction (and there was no 
balanced headway option as this was located at Finsbury Park). 

Updating 
IMR Equipment 

A certain amount has already been said in the narrative about the evo-
lution of IMR equipment, particularly the gradually infiltration of 
electronic switching equipment rather than relays, the later IMRs there-
fore having a rather different character to the very early ones. Electronic 
scanning equipment and different types of programme machine cod-
ing have also been mentioned. In many cases the equipment originally 
installed survived the entire life of the machine rooms, and some origi-
nal equipment is in situ at the time of writing, Watford being over half a 
century old. The actual interlocking machines (which just predate pro-
gramme machines) did not change very much during this time and a 
detailed history of these has already been written by John Tilly,20 so I 
propose to say no more here beyond observing that in some cases 
programme machines operated ordinary signal frames and these are 
indicated on the list at the end of the article. 

The photographs included so far indicate some changes to the way 
train movement information is displayed. On page 30 an early IMR dia-
gram is shown on a plain metal plate (probably brushed aluminium). A 
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This is a Diagram of about 1970 with back illumination through card diagram 
retained behind an acid washed glass face. This is the method used for 
ordinary signal box diagrams but showing a great deal more information. 
Most Victoria Line diagrams were of this type. 

number of these were installed, but black was soon preferred, presum-
ably to reduce reflected glare from fluorescent lamps. 

Improvements at the Regulating Rooms. 
Transfer to Cobourg Street 

The opening of Cobourg Street for Victoria Line operations has already 
been covered, and it has already been noted that it had the space to 
accommodate the whole of the Northern Line as well. This is a useful 
point to pick up the Northern Line story from the point where Morden 
and Tooting were converted to programme machine control in 1962. 

Beyond what has already been described few changes were made to 
the regulating room at Leicester Square, although a number of controls 

were moved around during the time it was live. At some point the ‘normal-
ly alight’ diagrams were converted to ‘normally dark. 

In the long term, continued operation of the lower regulating room was 
impossible as it was not even large enough to accommodate Morden and 
Tooting, let alone the other outlying sites. Nor was it large enough to in-
stall the more modern type of equipment seen at Earls Court.  After 
looking again at Transad House it then became clear the Northern Line 
was to be operationally married to the Victoria Line so that shared office 
and control space beckoned, preferably where the routes coincided.* For 
this reason Cobourg Street was selected and made large enough for the 
Northern Line as well.  This allowed the antiquated offices at Transad 
House and the quite unsatisfactory regulating room at the bottom of the 
lift shaft to be closed. It was a factor that the decision had separately been 
taken to disperse the centralized line control offices, which happened to 
be at Transad House, to the various divisions and provide them with some-
thing better. Cobourg Street would therefore become the divisional offices 
as well as the home of the Victoria and Northern line controllers and sig-
nalmen (echoing practice just implemented at Earls Court when the new 
regulating room was commissioned). 

The Northern Line section of the regulating room comprised a very 
large illuminated track diagram, covering the entire line, and three regula-
tor’s desks; two of the desks each accommodated two regulators. The left 
hand desk covered High Barnet to Archway and Edgware to Hampstead. 
The middle desk covered Camden Town (left hand end) and Kennington 
(right hand end), and also the intermediate emergency reversing points. 
The right hand desk covered Tooting and Morden but the controls were 
duplicated on the middle desk so that when the service was quiet the 
Kennington man could cover the job. The equipment provided was very 
similar to that on the Victoria Line, already described, except that Carrier 

                                                      
* This approach was logical as the lines met each other at Highbury, King’s Cross, 
Euston, Warren Street and (projected) Stockwell. 
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The regulating room at Leicester Square, probably around 1967 and a cou-
ple of years before closure. The whole of the middle layer is now occupied 
by route push buttons. Repeater machines are still in use. The diagram has 
been altered to the ‘normally dark’ type. 

Wave radio was not provided and train descriptions did not have the 
benefit of originating from Identra. 

There were some huge challenges getting the Northern Line con-
trols transferred to Cobourg Street. The main one was that at the time 
Cobourg Street opened for business only the machines at Edgware, 
Colindale and Archway were compatible with the new methods of dis-
play and control, and the first two were managed from Golders Green 
which was a very new set of equipment and not a priority to move. It 
was therefore necessary to upgrade all the existing equipment to meet 
the common control protocol at Cobourg Street where it was expected 
staff would interwork between Northern and Victoria Lines. 

The main problem was equipping the early programme machine 
sites with a certain amount of electronic equipment. In particular they 

required the replacement of the interval-based time control (derived from 
time machines) with proper time control from binary clocks. This alone re-
quired comprehensive rewiring of the machines, but they also needed to 
accommodate train numbers, train number coincidence units, time coinci-
dence units, and the latest scanning equipment. Where feasible, relays 
could be superseded by electronic kit. This was not a job for the feint 
hearted; making all the required changes whilst maintaining the equip-
ment in operational service was difficult, especially as programme roll 
layouts were entirely different. Most of the existing sites migrated from 
Leicester Square to Cobourg Street in 1969-70 but High Barnet and Gold-
ers Green followed in 1971, the latter a particularly complex job owing to 
the sheer number of possible moves (this is likely to have been by far the 
most complicated installation). 

It is to be noted that when Cobourg Street opened, also with normally 
dark diagrams, signal telephones were not taken to the regulating room 
but were terminated at local stations (arrangements at Earls Court were 
less consistent). The Northern Line desks, like the Victoria Line, also had the 
site control push buttons hidden away in drawers. As with Earls Court they 
were finally extracted from the drawers around 1974 and placed on new 
panelling above the telephone and programme machine controls where 
they could be seen. 

The only other significant change at Cobourg Street was the entire re-
placement of the programme machine diagram by a new one, stylistically 
similar, but showing traction current sections in different colours. This is a 
simple but useful innovation as the signal operators are responsible for 
requesting traction current removal after traffic each day and it is vital to 
understand where the section gaps are in relation to points, signals and 
stations. 

Earls Court 

Earls Court has also been much modernized since 1965, though it has 
fared less well than Cobourg Street. After some years operation the regula-
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Earl’s Court was drastically changed over the years, and is unfortunately 
now rather cramped and looking desperately out of date. A digital clock has 
also appeared on the diagram, just visible in background. 

tors were given entirely new programme machine control units and 
(later) the site push buttons were finally extracted from the pull-out 
trays underneath the diagram panels and put on top of the programme 
machine controls where the visuals could be seen and operated with-
out the regulator having to get up. It was also useful to see the button 
aspects which indicated which routes were being called for. 

Olympia Line 

In 1970 programme machines were installed at West Kensington. The 
two machines here were largely of standard character, given the com-
plication of handling the odd scheduled reverser and engineers trains 

in and out of Lillie Bridge Depot, both of which involved occupation of the 
eastbound platform. This offered the opportunity for West Kensington East 
signal box to be closed, or would do if some means of automating control 
of the Olympia Line could be devised. 

The solution adopted was to install two ‘pseudo’ programme machines, 
one at West Kensington East Junction and the other near Olympia where 
trains had access to Lillie Bridge depot. From the regulator’s viewpoint 
these seemed to operate as programme machines confined purely to FCFS 
or push button modes, but in fact they were simply logic-controlled sites 
and no physical programme machines were provided. At West Kensington 
East, westbound trains were normally routed towards Hammersmith un-
less an Olympia description was identified whereupon it would be routed 
in that direction. 

To facilitate this automation some changes were required to the way in 
which engineers trains were organized. All trains proceeding to the depot 
from the west had to proceed via West Kensington EB platform using the 
West Kensington Special code, which would ensure the route to the depot 
was set up. All trains proceeding to the depot from the east were also de-
scribed West Kensington Special but were routed automatically along the 
Olympia Line to reverse, the equipment automatically establishing the 
route into the depot when the train had cleared the points and shunt sig-
nal in the forward direction. A similar procedure operated in the reverse 
direction. As far as it can be established this is the only example of this 
kind of operation. 

Putney Line Alterations 

It was mentioned earlier that a TD transmitter was installed at East Putney 
to provide accurate descriptions of eastbound District trains in advance of 
their arrival in the Putney Bridge programme machine area. This provided 
an interesting challenge when the Wimbledon Area Signalling scheme 
went live in 1990 and the old BR signal boxes on the Wimbledon line were 
taken out of service. 
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Unsurprisingly BR insisted on installing its standard 4-character train 
description system along the line, used by them as far as East Putney 
for empty stock and diversionary workings. As a concession to London 
Underground (LU), the second character (always a letter) was designat-
ed the letter ‘I’ in the case of any London Underground train and the 
third and fourth characters became the London Underground train 
number, where the train number was just two numbers. Where the train 
number used three numbers (ie it was 100 or greater) then this was sig-
nified by modifying the route number (the leading digit of the 4-digit 
code), as described shortly, by incrementing it by the number 5. 

At that time LU required 14 eastbound destination codes, but this 
was impossible to provide with the BR system. The best that could be 
done was to use the code 1 for any train proceeding to the City, 2 for 
Edgware Road, 3 for High Street Kensington, 5 for Parsons Green and 4 
for the miscellaneous other short workings. Where the train number 
was 100 or greater then the route codes used were respectively 6, 7, 8, 
0, 9. The following examples may help. Train 1I 53 means train 53 routed 
via the City, 6I22 means train 122 routed via the City. Train 3I77 means 
train 77 routed to High Street Kensington, and so on. 

The equipment at Putney Bridge was redesigned to identify the cor-
rect LU train number from the code offered and to check the co-
incidence between the actual destination on the programme roll and 
the less specific information obtained from the BR coding; provided all 
was well then the actual description on the programme roll was passed 
forward and displayed on the platform indicators. In addition a screen 
showing expected eastbound arrivals at Putney Bridge was added to 
the Programme Machine track diagram in the regulating room at Earls 
Court. At the same time a 2-way warning system was installed between 
Wimbledon (BR) box and Earls Court regulating room whereby either 
party could send an emergency alarm to the other telling them there 
was some kind of emergency and requesting them not to forward any 
more trains on the others’ system.21  

Scanning 

The slow speed scanning system was a huge success and reliable in prac-
tice, but technology was moving forward. During the late 1980s a so-called 
high speed scanning system based on solid-state technology became 
available. This allowed a single, inexpensive transmitter to control 108 dif-
ferent functions via twin core cable and reduced the distance required to 
justify a scanning circuit, rather than direct connections, to just 500 me-
tres. Over time most of the slow speed scanning circuits have been 
replaced by the more modern equipment which has also been found to be 
very reliable. 

Maintenance 

There is a standard maintenance system for programme machines which 
because they are mechanical devices, focuses mainly on the mechanical 
parts and the lamp units. It is important that some of the parts are main-
tained within tolerance, some quite tight, and a special maintenance kit 
was devised that including a magnifying glass. Because parts wear, it is not 
feasible for machines to operate on site indefinitely and they are ex-
changed every seven years for a refurbished unit, the machines being 
bolted down to a bed-plate with electrical connections carried through a 
plug connector. Overhaul is undertaken at the Signal Overhaul Shop. In 
the event of machine failure, it is a simple matter to replace it. 

A word about the staff 

The position of the staff whilst all this modernization was going on is not 
without interest, but sources are scant.  The signal engineer took the view 
that there was a net staff saving if a large number of signalmen were re-
placed by a small number of regulators despite an enhanced number of 
signals staff. The position in 1962 was that the regulating room at Leicester 
Square required an overall compliment of just six men, whilst the signal Copyrig
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boxes previously controlled required 24 men,* an apparent saving of 18 
staff. This overlooks relief staff and any enhancements to signal de-
partment maintenance staff, but a substantial saving is nevertheless 
suggested.22  

Staff ‘saving’ was not simply about money: as the 1960s progressed 
it became very difficult to recruit suitable people to various grades cru-
cial to running the service and signalmen were part of the problem. The 
need to recruit additional staff for the Victoria Line was a real issue and 
one of the decisive factors in trying to automate as much as possible. 
This was all a factor in developing automatic junction working that 
would reduce pressure on finding yet more signalmen.  When Cobourg 
Street opened the whole Victoria Line was ‘regulated’ by just one per-
son, perhaps equating to an establishment of four or five (and 
proportionately fewer when the Northern Line arrived and staff were 
shared). In the event the Victoria Line was impossible for one person to 
handle, on a bad day at least, and it was usual to double-man the desk 
at busy times. 

So far as staff grading is concerned, it appears that when Leicester 
Square regulating room opened the position was filled by a signal-
man—at this stage there was only one location to monitor and it was 
expected normally to work automatically. 

It was not very long before the importance of the task, and span of 
control, evidently caused some debate about the grading of the regu-
lating room staff and during late 1958 a new post was created of ‘Traffic 
Regulator’, (or ‘Regulator’ for short)†. The significance of this is that it 
was considered as more important than the top signalman’s job and 
became a supervisory grade, apparently equivalent to station inspector.  

                                                      
* Staff saved were East Finchley 3, Camden Town 5, Euston 3, Kennington 5, 
Morden 3, and one each at Archway, Kings Cross, Moorgate, Clapham Common 
and Tooting. 
† The exact date has not been determined, but instructions to staff were still using 
the term Signalman in June 1958 but were consistently using ‘Traffic Regulator’ in 
November. 

During the later 1960s and 1970s a number of large signal boxes be-
came classified as regulating rooms and the signalmen also became 
supervisory staff. This, in turn, caused further regrading of the staff in the 
main regulating rooms who became class 1 staff, now equivalent to station 
managers; ‡ the others became class 2 staff equivalent to inspectors as be-
fore. In due course the term regulator was dropped in favour of the title 
Senior Signalman. 

With later management changes (really outside our period) the entire 
grading structure was changed, partly reflecting widespread closure of 
signal boxes and partly as the Class I senior signalmen became more inti-
mately involved in service management. The term now is Service Operator 
and on some of the smaller lines they have also absorbed the role of line 
controller. The Victoria Line no longer functions from Cobourg Street but 
from a new facility at Northumberland Park Depot. 

I have used the term signalmen throughout this article simply because 
it was the term used at the time and as far as I know no females were em-
ployed in the regulating rooms during the period under review. 

After the Programme Machine 
Watford 

The continued advance of technology meant that during the early 1970s 
so-called minicomputers became available. These were still large devices 
compared with today’s equipment, and whilst not very sophisticated they 
were programmable and affordable, especially if a configurable device 
avoided the need for expensive bespoke designs for every site. A test was 
required and the equipment at Watford (described in 1974 as ‘archaic’, 
though only 15 years old) came to mind as a suitable location. The objec-
tive was to replace the existing kit with equipment which, to the 
supervising signalman, behaved in an identical fashion. 
                                                      
‡ They were equivalent to a class 2 station manager. This summary, which draws 
heavily from recollections of regulating room staff, is inevitably simplified and over-
looks issues where regraded staff were on different conditions to later appointments 
and so on. 
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Watford Computer 
control. Photo of 
the display offered 
by the Signal Box 
monitor, the actual 
display being in 
colour 
(background 
green). This shows 
the signal detail, 
but detail could be 
switched off.   

The computer chosen was a Hewlett Packard 2100A machine which 
had to be fed from the local lighting supply rather than the LT supply 
which in that area was only 33 1/3 Hz and too slow to operate the spe-
cial close down programme with which the computer was equipped to 
shut down gracefully in the event of power loss. The computer memory 
was of the then-popular ‘core store’ type then used on main frame 
computers. It was versatile but very bulky for its physical size. And had 
only 12k of storage (then regarded as quite a lot). The human interface 
was a teleprinter machine with a paper tape reader used to feed the 
programme and data into the machine; there was also a cathode ray 
type visual display (in colour), which was installed in the signal box. This 
portrayed an image of the track layout, signal indications and train po-
sitioning. Certain information was only shown where useful or when 
requested. 

The timetable information had to be input from a paper tape, and 
this was prepared at LT’s computer centre at Baker Street on its ICL 1900 
computer. The original information was prepared by drawing office 
staff who had to type the timetable information into a computer termi-
nal after which two Fortran programmes checked it for logical errors 
then converted it into the correct format for the tape. The actual pro-
gramming for the Watford computer (which was also chosen by 
Westinghouse) was subcontracted to Westinghouse as part of a devel-
opment contract; Westinghouse had previous computer experience 
with British Rail.  

The signalling equipment interface was a separate device connect-
ed with the track circuit indications, the Rickmansworth signalman’s 
control keys, the route setting relays and various miscellaneous equip-
ment, such as the clock and various lever detection circuits and so on. 
The inputs were translated into codes suitable for the computer, and 
computer outputs were converted into outputs suitable for driving the 
IMR equipment. The computer ran a number of self checking processes. 

The equipment went live in May 1974* and although there were a small 
number of relatively straightforward faults it proved reliable enough and 
put a clear marker down for future developments. The existing programme 
machines and associated equipment were left in situ and were operated in 
parallel with the computer so that in the event of some kind of major 
computer failure they could simply be switched back into use (thus avoid-
ing the need for a stand by computer).23 They resumed their old job once 
the experiment was over, which seems to have occurred during the au-
tumn of 1975. 

Heathrow 

The Underground extension to Hatton Cross, opened in 1975, required the 
temporary use of a single programme machine as the station was only in-
tended to be used as a terminal until Heathrow Central opened, in 1977. 
The latter station would have required three programme machines if 
standard equipment were provided. However, the experiment at Watford 
was considered successful and it was felt that the Heathrow interlocking 
could be operated with advantage by computer. 

                                                      
* It seems to have been installed in ‘summer’ 1973 and subjected to extensive testing. 
It was not until February 1974 that LT made public what was going on.  
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To maintain equipment availability, it was decided to use two ma-
chines, of which, at any time, one would be on line and the other acting 
as standby; if a computer had apparently failed the standby machine 
automatically came on line, the switchover being managed by the in-
terface card which could select the on line machine automatically or as 
instructed. Each machine had its own teletype interface. The interface 
was otherwise a development of the one used at Watford. 

The machines were of Hewlett Packard’s new 21MX type (an updat-
ed version of the machine used at Watford).  When on line the 
equipment behaved exactly as though it were three programme ma-
chines. When push button control was required by the regulator the 
appropriate outdoor equipment operating equipment was disconnect-
ed from the computer cabinet to retain independence of control. Each 
platform had its own train description storage unit which was normally 
supplied by information from the computer; if the regulator needed to 
set up a train description manually then again the equipment was dis-
connected from the computer cabinet. The regulator’s visuals and site 
warnings were always connected to the on line machine. So far as the 
computer equipment did not itself undertake logic checking, the rest of 
the IMR equipment was of what by now had come to be regarded as 
the standard equipment. 

The timetables were loaded on each computer and the machine se-
lected the particular service according to the day of the week or other 
preloaded instruction. When a new timetable was required, the standby 
machine was loaded first and then put online before the other machine 
was loaded. Four timetables could be loaded in store at any one time, 
usually Mon-Fri, Sat, Sun and one other. 

Certain fault mode detection was provided. This included monitor-
ing the sequence in which tracks were dropped, any unexpected 
activity being noted as an apparent failure. Slow operation of point 
movements or signal lever operation was also picked up as a possible 
(or impending) failure. 

Performance of the Heathrow installation having been deemed satis-
factory, 21MX computers were also selected for use in Piccadilly Circus 
(later Finchley Road) signal boxes and for local operations at the east end 
of the Piccadilly Line. These operations depart sufficiently from pro-
gramme machine operation to be outside the scope of this particular 
article. 

Rewind Change 

There have been several piecemeal changes to the technology in a num-
ber of IMRs and the change at Hammersmith to the method of rewinding 
programme rolls may be described as illustrative. At this location the ordi-
nary mechanism for rewinding programme rolls has been replaced by an 
all electronic timing mechanism, apparently operating all machines. The 
following photograph shows the timing unit. 

The author understands that this modification was done contemplating 
a proposal for lengthening the traffic day which would create complica-
tions with the equipment. The existing rewind system relied on their being 
no service at 03:00 but running trains throughout the night would make 
this arrangement impossible, requiring an alternative method. In the end 
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A photo taken 
around 1958 
showing the 

train information 
being entered in 

plain text on a 
programme roll 

using an 
adapted 

typewriter. The 
gentleman is 

dictating straight  
from the 

timetable.   

A photo taken 
around 1958 
showing the first 
programme roll 
punch, 
compressed air 
providing the 
motive power. 
The operator is 
seen reading off 
a prepared card 
in front of him. 
The controls are 
out of shot. 

no change was made to the traffic day, though all-night running is fre-
quently suggested. 

And Finally 

The foregoing article explains the general development of the pro-
gramme machine, many of which are still in operation. There are a few 
odds and ends that deserve a word. 

Programme roll production. 

The first programme rolls were produced by the signal department us-
ing a jig on which was mounted a line of 32 air operated punches. The 
blank roll was passed through the device and an operator using a pur-
pose-designed control unit set up the required punches for the next 
line. The instructions as to which holes to punch were evidently set out 
on some kind of pre-prepared card whose origins seem to have been 
lost. Contemporary reports suggest an entire timetable change re-
quired 120 man-weeks of work. Staff recollect the equipment was 
located at Lillie Bridge. 

The first punch machine had 30 finger levers, each one of which had 

to be set by hand to select whether that hole position should be punched 
or not. Operation of the lever engaged a ram which punched the required 
hole when air cylinder was energized, all selected hole positions for each 
train being punched simultaneously. The row having been punched, on 
withdrawal of the punch head the plastic strip was moved forward by 
about 10mm to receive the following train’s coding. This was not a fast 
process. 

To improve productivity it was found possible to attach solenoids to the 
finger levers so that the required hole positions could be selected by elec-
tric means. The circuits were operated by PO type 3000 relays themselves 
selected by buttons and switches. By this time the transport system was 
using part of an adapted programme machine mechanism to drive the roll 
and wind it onto a carrier roll. This included the photocell drive unit, the 
use of which required the initial hole positions to be punched by hand. 

A further adaptation saw the introduction of uniselectors and rotating 
switches to set up the various binary codes from more user-friendly 
switched inputs. This somewhat eased the operator’s job. Thus (say) one of 
15 switched inputs was converted into its 4-digit binary output for feeding 
into the appropriate subset of punch heads. 
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Drawing of programme roll punch machine control unit, dated 1962 and 
possibly for machine on previous page. The controls seem to allow for the 
eccentricities of several different types of early programme machine. It ra-
ther looks as though the settings required were set up on the lower dials 
and switches which produced a uniform output shown by lamps along the 
top (the row marked (1)). The punch operator then set up the corresponding 
switches in row (2) and pressed actuate button (13). This must have been 
extremely slow. 

This is a picture 
of the latest 
version of the 
programme 
machine roll 
punch, now fully 
computerized 
and much faster 
than some of its 
predecessors. 

In later years the timetable office took over the job of setting out the 
required moves at each programme machine site.  On the basis of their 
information the data was input into a main frame computer operated 
by the LT data processing centre at Baker Street. The computer for some 
years produced a standard 8-bit paper tape with all the instructions for 
each programme roll punched on it. This was then provided to the 
punch room staff (relocated to 55 Broadway) where equipment read 
the paper tape and produced the completed programme rolls, a long 
and tedious process. As far as can be seen, four consecutive rows of 8-

digit tape would be read in order to output one train on a programme roll.  
The present method is similar except that the data processing function 

has long gone and the punch machine has a modern front end that uses 
modern technology to transfer the punch data. By the way, from an un-
known date probably in the late 1980s the type of plastic used for 
producing programme rolls was changed. The material now used is white 
and far less translucent and no longer needs the black stripe down the Copyrig
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Part of programme 
machine diagram at 
Earls Court showing 
the PTI display for 
EB Putney Line 
(never removed). 

Cab interior of PTI-fitted 
District train showing the 
control unit mounted above 
offside window. 

middle. The author understands the plastic is very slightly thinner and 
allows the capacity of the roll to be slightly increased. 

For most of the time programme rolls were in production the punch 
machine produced master rolls. These were individually checked, at 
one time by a programme machine arranged to light up a row of lamps, 
though this must surely have been a method improved upon later. 
Identified errors were corrected either by hand punching a hole or ob-
scuring it with tape. The corrected roll was retained as a master and 
copies were made for distribution, a programme machine reading from 
the master and operating the punch machine directly.24 The completed 
rolls were then distributed to the equipment technicians with instruc-
tions for use..  

Positive Train identification 

A word must be said on this because it raises a huge issue about how 
programme machines are used. When programme machines were in-
troduced, cancellations were fairly rare and service disorganization 
regarded as containable. Under such conditions it was possible for a 
regulator to have a pretty good idea which train was which, based sub-
stantially upon its destination (TD) code; furthermore since the outlying 
signal boxes were still manned there was a chance that a ‘real’ signal-
man had actually seen a suspect train at some point and would report 
any irregular working. 

During the 1960s the train service deteriorated to horrific levels as 
recruitment became a major issue and the job of the regulator became 
a great deal more difficult. A particular problem was a bad service 
where there were several trains to the same destination and no means 
of knowing which was which. The operators began to ask for a positive 
means of identifying every train, a challenge that was easier asked for 
than delivered. 

In the early 1970s* a scheme 
was put together whereby the 
driver would set up descriptive 
information on equipment in 
the cab at the beginning of 
each trip that was interrogated 
at various points along the 
route and transmitted to the 
control room. A full scale trial 
was arranged on the Putney-
Edgware Road section of the 
District Line with data transmit-
ted to the regulating room at 
Earls Court. 

The trains were of the old 
CO/CP type and a number were 

selected for dedicated use on the Edgware Road-Wimbledon line; each 
was fitted with a cab information unit in each end driving cab over the off-
side cab window. This comprised a rotary switch with the relevant 
destinations printed on the label. Next to this were thumbwheel switches 

                                                      
* The equipment appears to have been brought into use in 1974 and lasted for no 
more than two years. 
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Cab control unit fitted to the 1959 and 
1972 stocks on the Northern Line in 
order to set up the PTI information 
required. The 1995 stock holds this 
information on the train computer and it 
is input via a keypad (destination and 
train number are also fed to the 
displays on the front of the train). 

Diagram of 
PTI data 

management 
system on 

Northern Line. 
Each aerial 

and 
interrogator 

pair was 
known as an 
interrogation 

point. Junction 
processors 

were located 
in IMRs. 

on which could be set the 3-digit train number and a 3-digit crew num-
ber.  There was also a two way switch that denoted whether train was in 
passenger service or empty. The equipment converted the various 
switch outputs into binary-coded-decimal codes and then produced a 
single 40-bit binary string for transmission. The string comprised a start 
code, train description, empty/passenger flag, train number, crew 
number, parity and ‘complete signal’ flag. The code was modulated at 
50kHz and transmitted via an aerial mounted under the front of the 
train upon receipt of an interrogation transmission from a trackside 
transmitter. As far as can be determined there were beacons on the 
eastbound line at Putney Bridge and Parsons Green and on the west-
bound at Earls Court and Parsons Green, in all cases beyond the 
departure end of the station. 

At Earls Court the information from the beacons was held in a stor-
age unit and every half minute was used to update a VDU and a 
teleprinter, providing a permanent record and allowing the reliability of 
the equipment to be checked. No attempt was made to substitute the 
information for that provided by the existing equipment.25 

Although signalmen who remember 
it did not regard the experiment as an 
unqualified success, it proved the tech-
nical approach was along the right lines 
and on the strength of this it was decid-
ed to equip the whole of the Northern 
Line. This was an exceptionally chal-
lenging task that took the best part of a 
decade, but eventually the whole of the 
line’s 1959-62 stock (and 1972 stock) 
was retrofitted with suitable cab 
equipment and trackside beacons. 

The basic communications principle 
for the Northern Line was similar in 
principle to that on the District Line trial 
but used a pair of Philips ‘Vetag’ tran-
sponders mounted one at each end of 
each leading car (two were then need-
ed as one was insufficient to carry the 
required number of bits). These were 
connected to cab control units contain-
ing three sets of three thumbwheel Copyrig
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PTI Track Aerial on Northern Line. 
This connected to a nearby 

interrogator. 

switches upon which were set 
train destination, train number 
and crew number. There was 
also a simple toggle switch de-
noting whether train was in 
passenger service or not.  

The move away from a simple rotary destination switch was neces-
sary because of the number of destinations and routes on the Northern 
Line. There were 66 codes in all, those for northbound destinations be-
gan with a zero and those for the southbound began with a 1; the 
numbers were otherwise entirely arbitrary. There were often multiple 
codes for one destination as trains subsequently stabling had specific 
codes; this was apt to trip up drivers trying to work out what code to 
use. This appears to have been felt necessary in order to marry up the 
code with the detail on programme machines more accurately than 
had been possible on the old TD system. * 

The transponders communicated with track aerials located at vari-
ous places between the running rails; these comprised a figure of eight 
loop encapsulated in a robust flat box. Even at speed a train could 
transmit its identification at least six times, enhancing reliability. Each 
aerial was connected to a trackside interrogator box which converted 
the signal into a meaningful electronic form for onward transmission. 
There were 58 interrogation points on the Northern Line and the out-

                                                      
* For example there were six codes for High Barnet. Two were for ordinary trains, 
one via Charing Cross and the other via City. These were duplicated to cover 
trains for High Barnet Depot (after detraining at the station) and there were also 
depot and non depot codes for trains originating from East Finchley or Finchley 
Central that ran neither via Bank nor via Charing Cross. 

puts were transmitted to one of a number of junction processors located 
in the more important IMRs.26 

Each junction processor handled up to 16 interrogators from which it 
extracted the strings of forthcoming train arrivals along all of the possible 
routes, each string comprising all of the train information originally set up 
by the driver. In addition each junction processor ‘talked’ to its counterpart 
at adjacent IMRs to ensure all trains are accounted for. It also communi-
cates with a control computer at Cobourg Street which in parallel is 
maintaining oversight of the location and expected arrival times of all 
trains on the line and feeding the information to the regulating room and 
to all the Northern Line’s sign controllers, the devices that feed the data 
into the platform train destination signs. The most important job under-
taken by the junction processor is to supply train number and destination 
information to all of the relevant programme machines, the latter in the 
familiar ABCD format. This is necessary to ensure the programme machine 
is expecting the correct train and superseded the old train description 
transmitted by the 1924 system which soon went out of use. 

It will be seen that the heart of the PTI system was the junction proces-
sor. This was a purpose-designed unit based on the Zilog Z80A processor, 
an 8 bit 4MHz device designed to be compatible with Intel’s 8080 proces-
sor with software written in CP/M. It was mounted in a 2 cubic metre 
cubicle in which were also mounted sets of so-called STD Bus cards, which 
formed the basis of the connections to the outside world.  The processor 
could handle up to 32 trains in any queue of approaching trains, which by 
sheer coincidence was exactly what the old drum storage units could han-
dle. As with the old drum storage units the trains were all stepped forward 
one position when particular track circuits were operated, the top train 
being discarded once it has departed and is no longer of interest. There 
was no alteration to the programme machine controls, so if a description 
was found to be out of coincidence then the warnings and delays operat-
ed as before. Copyrig

ht m
aterial do not print



Version 4.60 – 26 December 2015 

W:\WRITINGS\Other publications in hand\ProgrammeMachines\Automatic Junction Working V4.60.docx   Created on 27-Dec-15   Last printed 27-Dec-15 (57) Page 57 of 69 

PTI junction 
processors at 

Golders Green 
(where 

Hampstead 
processor is also 

located). 

Each junction processor was linked to the central control computer 
at Cobourg Street via frequency multiplexed data links; the central 
computer was designed to handle up to 32 junction processors—the 
maximum thought possible anywhere on the Underground and rather 
more than strictly necessary on the Northern. Amongst its various du-
ties, the control computer passed the train numbers of the next train 
arriving at any programme machine site to additional displays on the 
regulator’s programme machine diagram. There were now, therefore 

two train number displays at quite a few locations, those in green being 
derived from the PTI system and those in yellow (sometimes described as 
white) from the programme machine.  In addition the destination codes 
were altered to display the PTI–derived code (in green) rather than that 
coded on the programme roll as hitherto (the basis presumably being that 
the driver or train operator knew where the train was really going while 
the programme roll echoed timetable expectation which could be looked 
up). The opportunity was taken to replace all the KGM units at the same 
time for easier-to-maintain Westinghouse 5x7 dot matrix displays; the pro-
cessor was capable of driving 504 such display units. 

The computer system is pre-loaded with timetable data from which it is 
possible to display information to the regulating room staff about late 
running; all room staff were able to access information about train location 
and performance. It had been intended to use computers to oversee the 
operation of programme machines to further unburden regulating staff 
but this aspect was never pursued on the Northern Line though devel-
oped on several other lines with more modern equipment.  There is a 
certain amount of self checking and if the PTI cannot read a train (or the 
description is logically impossible) then the destination comes up as XXX 
or train number as 000, or both. If a genuine error is detected the code E is 
displayed. 

As with Identra, it was necessary from drivers to alter the PTI code at 
the last station prior to the train’s terminating point so that an additional 
aerial could pick up the intended destination for its next trip in the reverse 
direction, ensuring the correct train description was available for platform 
signs and programme machine coincidence.*  This was probably the most 
difficult part of the process of getting drivers trained to operate the new 
equipment for, despite lots of reminder signs, it was an easy thing to for-
get. Forgetting to set the PTI led to wrong routes being set up if the 

                                                      
* The arrangement at Kennington and anywhere where a train reversed via a siding 
was slightly different in that trains changed destination code in the arrival platform 
prior to proceeding into the siding or loop. 
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Part of programme machine diagram (High Barnet and Edgware) showing 
PTI-derived indications (in green) and PM-derived information 
(orange/white). It may be seen usually that the approaching train (green) 
has same number as that on which PM is standing (orange). 

regulator missed the problem, and strange things appearing on the 
platform signs, but in due course everyone became familiar with the 
equipment and it worked well. 

The system was introduced in stages from 1986 and was regarded as 
having fully settled down by 1990. Anecdotally it is regarded as having 
contributed to much-improved train service performance and recovery 
from incidents.  The 1995 tube stock which now operates the Northern 
Line follows similar principles except that the data is entered into and 
stored within the train computer and data entry is via a keypad. The 
data is transmitted via an aerial on the right hand side of the leading 
car when requested by the trackside beacons, exactly as before. 

Computer-Controlled Electronic Train Indicators 

These words are added without enthusiasm as it breaks into a new area of 
computer control of railways. However train indicators were for so many 
years part of the old TD and programme machine system that saying 
something about them is unavoidable. 

The information given by traditional back-illuminated platform indica-
tors came to be regarded as somewhat limited and so was born the dot 
matrix indicator which could not only offer more useful information about 
the trains, such as when they might arrive, but could also give service in-
formation messages and maybe even carry commercial advertising. 

Two signs were installed experimentally in 1981 at St James’s Park, each 
to a slightly different specification. These were linked to the existing Dis-
trict Line TD system and displayed up to three approaching trains with a 
degree of time prediction based on when the trains ‘struck in’ at either 
Charing Cross or South Kensington. Judged a success, it was decided to 
install a large scale experiment on the Charing Cross branch of the North-
ern Line where advantage could be taken of the on line computer system 
being developed on that line. The first signs came into service in Novem-
ber 1982. 

The Northern Line system relied on the provision of a processor called a 
sign controller which could operate several signs at one station. The sign 
controller sourced the information for each sign, within which was located 
the drivers for the actual display. 

On the Northern Line the various sign controllers were linked to the on 
line computer system, about which it now necessary to say something.  In 
its original configuration the so-called on line computer actually com-
prised two separate processor units. A GEC 4080 computer was loaded 
with the railway timetable and over time provided the links to and from 
the programme machines, existing TD system (for as long as it lasted) and 
the PTI junction processors from when they became available as a source 
of information (3-4 years after the first dot matrix signs went in but before 
the bulk of the line was equipped from late 1986). This computer was ini-
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For the introduction 
of service train sta-
bling at Lillie Bridge 
depot an additional 

programme machine 
(No 3) was put in 

service during 2010 
at West Kensington 
East. This may not 

be the last! 

tially linked by modem to four ‘line drivers’ from which the various sign 
controllers were connected. 

The second computer, a GEC 4065 machine) was linked to the 4080 
next to it, provided train running information to the regulators and was 
connected to all the key points on the system from where it could be 
interrogated by the staff. This computer effectively mapped the whole 
train service in real time and retained a certain amount of historic data 
as well as predictive information. It was connected to the Rugby clock 
and its main job was to provide accurate information to the information 
assistant, located at the control room. In turn, the information assistant 
could create and distribute messages to display on the platform signs, 
addressing them either individually or in groups (such as all north-
bound signs). Messages were conveyed via the link to the 4080 
machine which transmitted them to the signs required. 

There was a certain amount of distrust about the reliability of the 
control computer and several backup modes were provided. Initially 
the only backup mode possible was the old TD system which was also, 
for a while, the mechanism for feeding the later signs on lines without 
any form of computer supervision. When the sign controllers thought 
that the control computer was not operating correctly it reverted to the 
station TD feed, with resulting loss of arrival prediction. Once PTI had 
been established the sign controllers tapped into the data-link be-
tween adjacent junction processors and took the information from the 

train queues stored therein, again with loss of prediction. This is essentially 
how the whole line was equipped, though some of the individual pieces of 
equipment has been updated. 

The evolution of computers for signalling and train control is itself a 
fascinating story in its own right, but beyond the scope of this article. 

Slow death 

The mechanical attention required by programme machines was resented, 
spares difficult to get, roll production onerous and reliability of half-
century old machines inevitably on a downward spiral. During the mid-
1990s, the machines at Morden, Kennington and Camden Town were part-
ly removed and replaced by electronic kit that produces equivalent 
outputs and uses the same control features, so operation from the control 
room appears identical. One benefit of this is that the new equipment can 
provide indications of lever and point positions in the control room (as at 
Leicester Square) which is immensely useful in the event of failures. An-
other obvious benefit is the ability to move away from programme rolls at 
these locations.* The kit at these locations is described by staff as using 
mini-computers of some kind but as yet no photographs have been seen. 

During the early 2000s all the mechanical parts of the programme ma-
chines on the Northern Line were removed and replaced by electronic 
modular units with an internal memory that stores the train information 
previously kept on programme rolls. So far as supervision from Cobourg 
Street was concerned the equipment continued to behave in the same 
way. The new units could easily be updated with a new train service with-
out the need for time-consuming programme roll preparation. Meanwhile 
the Victoria Line was resignalled mainly between 2010 and 2012 and pro-
gramme machines fell out of use when the control room moved to 
Northumberland Park, a train service computer there operating the IMRs 
until the new Westrace equipment was commissioned. 

                                                      
* I am given to understand the dates were Morden 27/9/94, Camden Town 21/2/96, 
Kennington 13/5/96 (source: Londonbanter.co.uk). 
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The two pictures above show the electronic PM replacement modules. 
The upper photo shows a module fixed in the former drive bay of the PM 
at Euston, the old mechanism was dumped on the floor. The lower photo 
is a close up of the front, showing simple control panel. 

Two views of Cobourg Street Northern Line showing modern desks and 
the screens displaying information from the online computer. This has all 
be abandoned now the service control function has moved to Highgate. 

 

The Northern Line has been entirely resignalled and converted to Au-
tomatic Train Control, a programme that took place between 17 February 
2013 and 2 June 2014. A new control room opened at Highgate to super-
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Part of 
Cobourg 

Street diagram 
shortly before 
closure. The 
diagram has 

been fully up-
dated with 

evidence of 
LED lamps 

fitted. 

vise the new equipment and Cobourg Street finally closed for business 
on 31 May 2014 (The Victoria Line section having permanently closed 
from 16 January 2011). 

Meanwhile a concerted attempt has been made to install electronic 
programme machines in lieu of the mechanical ones on the District and 
Piccadilly Lines to reduce maintenance issues while we all wait for the 
new signalling to be introduced. It is therefore necessary to keep Earls 
Court operational for several years more, which will be quite a chal-
lenge. The new control room will in due course be at Hammersmith. 

APPENDIX 1 
Programme machine patent 

 
Dell and his employers, the British Transport Commission, filed patent ap-
plication 010771 on 2 April 1957 for the programme machine as we know 
it, and were granted a patent No 836625 on 9 June 1960. It appears to be 
based on the Watford installation. 
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APPENDIX 2  
The Precursor of the London Transport Programme Machine 
As already implied in the text, there were already some time-honoured 
and reliable forms of readable storage involving paper or card in a con-
tinuous form that could be fed through reading equipment to impart 
instructions of a repetitive kind, such as a railway timetable. Pianola 
rolls and ordinary paper tape used by computers and telegraphy sys-
tems. There is no immediate evidence that Dell was inspired by these 
ideas to adapt them for the operation of railways. 

At the point in 1955, when he became convinced that machines 
with the timetable stored within would be necessary in any equipment 
that could actually replace signalmen, he became aware (or was re-
minded) of a system in use in Chicago. At one of the main termini of the 
Chigaco Transit Authority a system was in use involving a roll of paper 
upon which the various train movements were marked so as to set up 
the routes automatically. Dell commented in a moment of rare praise “it 
is very suitable for ensuring regular and rigid observance of the sched-
ule”. 

However, he was minded of earlier problems with his ideas for au-
tomating train routing, notably the railway operator’s constant need to 
alter train routings at short notice or accept trains in the wrong order. 
This would be a challenge if the service were committed to a fixed roll 
of paper. Dell’s initial thoughts were to pursue the concept but using 
punched cards, then coming into frequent use in the computer indus-
try for inputting programs and data, one card for each line of code or 
data. Dell postulated a system where one card would be used for each 
train and its associated description and routing: if a train were to be 
handled out of order then the relevant card could be moved according-
ly within the stack waiting to be read. It is probably very fortunate that 
this approach was not carried out, one can imagine a seasoned railway 
operator explain that a busy signalman might not be adept at rearrang-

ing stacks of cards in the middle of a crisis, and what happened when the 
stack of 100 cards or so were dropped, and so on.27 

All we then know is that some time between April 1955 and (probably) 
no later than the end of 1956 Dell was persuaded that the continuous roll 
approach was the better one, resulting in the Camden Town experiment in 
the Autumn of 1956. The required flexibility had to be provided by allow-
ing the signalman to step the roll forward or backwards to ‘cancel’ or run 
an ‘extra’ train and to override the programme route if required. 

The description of the Chicago equipment in Dell’s paper isn’t very use-
ful and some further digging has indicated the equipment referred to was 
installed at a number of locations in 1951 and seems to have comprised 
two quite independent automatic processes. So far as I can see, the sched-
ules were punched onto paper rolls that could well have been standard 5 
or 8 channel paper tape, or some variation thereof. This appears to have 
included some kind of time code that was compared with some kind of 
output created from a mechanical clock, the relevant starting signal being 
cleared (if otherwise safe), when co-incidence was achieved, the correct 
route being set up from routing information on the tape. 

A quite separate piece of equipment was the train service recorder. This 
comprised a standard chart recorder fitted with red and green pens, the 
paper chart roll moving slowly at a constant speed (these usually operated 
from the top to lower roll, with the pens moving laterally somewhere near 
the top, if my memory of working with such equipment is correct). The 
green pen was arranged to deflect at the correct departure time, presum-
ably based on what the punched tape ordained, while the red pen 
deflected when the train actually departed, leaving a permanent record of 
service performance. 

It is possible Dell had not actually seen this equipment and wrongly in-
ferred from photos that the routing was coded on the chart paper, but 
nevertheless he grasped the principle. This equipment apparently had a 
long life but I have not yet ascertained when it went out of use. Copyrig
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I reproduce here newspaper coverage from Chicago Sunday Tribune 
for August 26 1951 which contains more information. It appears that 
experiments started earlier, perhaps 1950, and that might be the first 
example of automatic junction working. 

 

MOVING ‘L’ TRAIN WRITES, HAVING WRIT, MOVES ON 
Speeding Coaches Make Record of Operations BY ROBERT WIEDRICH 
 
Next time you board an "L" , train you can rest assured the eyes of the CTA are 
upon it. 

Thanks to $40,000 worth of line supervision equipment and two pens—one 
red and one green—CTA officials will know when the train pulls out of the sta-
tion and if it is off schedule at anytime. 

 
Every Move Recorded 

The pens play their part in the operation by recording the train’s progress on 
charts in the line supervisor’s office at 79 West Monroe street. The green pen 
records the scheduled leaving time of each train. The actual time the train 
leaves—whether on or off schedule—is recorded on the same chart by the red 
pen. 

For more than two years CTA engineers have been working on development 
and installation of equipment which quickly detects operating delays, and of 
communication devices which 
permit prompt schedule adjust-
ments to restore normal service. 

Transit authority officials say 
the system now provides more 
accurately dispatched and closely 
supervised operations than any 
other system in the United States. 

 
Seeks On-Time Service 

The supervision equipment is 
now giving three way control of 
train operations on the Lake 
Street, Ravenswood, and north-
south express routes, and on the 
Evanston, Stock Yards, and Ken-
wood branches connecting with 
the thru north-south "L" and sub-
way trains. 

The new system is designed to insure on-time dispatching of trains from termi-
nals; provide continuing information on train movements, and make possible 
immediate contact with train crews and passengers at important terminals and con-
trol points. 

Heart of the system is in a control room of the CTA operating headquarters in 
Monroe Street. A set of schedule controlers operated by a master clock automati-
cally turn on starting lights at terminal platforms as much as 25 miles away to send 
trains on their way on schedule. 

 
Try to Eliminate Delays  

As the train moves over the line its progress is recorded about every two miles. 
Rail contactors or track circuits closed by the passing train operate the two record-
ing pens. 

When a train is off schedule, lights above the chart and on a wall map indicate 
location and direction of gaps in service. To cut down such delays, two way com-
munications system is provided. Thru this setup the line supervisor can contact 24 
key locations on the system either individually or all at one time. Ln this way ad-
justments to restore normal service can be made promptly. 

Outlying supervisors also can use the communications system to contact the 
central office to give information or receive further Instructions. 
 
Take Engineering Measures 

Correction of minor schedule deviations can be accomplished by briefly holding 
a train running ahead of schedule to give the train following a chance to catch up 
and restore normal intervals. This helps to eliminate ‘'bunching" up of trains and 

spreads out the passenger load more 
evenly. 

Major delays, however, result in 
"bunched” service which can be cor-
rected only by running trains past 
regularly scheduled stops to return to 
regular operations. When this happens 
public address speakers installed on key 
station platforms are used to give in-
structions to train crews and notify 
passengers of emergency service revi-
sions. 

The speakers can be operated ei-
ther locally from booths or towers, or 
directly from the down-town supervi-
sor’s office. The line supervision 
equipment was tested on a part of the 
Lake Street Line before work on the 
permanent system was started. 
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APPENDIX 3 
What might have been 

Once the installations on the Northern, Victoria and District (with Pic-
cadilly) Lines were well in hand, apparently ‘successfully’, it was natural 
that thoughts should turn to the other lines. In the early 1970s the Cen-
tral Line had numerous cabins dating mainly just post war, though in 
some cases the frames had been installed before the Second World War. 
They were therefore rather newer than on the Northern and would 
probably have done good service if converted to air-worked operation 
(from programme machines). On the Metropolitan most of the cabins 
were relatively modern and there were several relatively new IMRs, em-
inently suitable for adaptation to programme machine operation. The 
Fleet Line was in hand (inasmuch as authorization for Stage 1 was im-
minent) and it was inconceivable that signal cabins would be deployed. 

Quite how much work was done is hard to say. On the Metropolitan 
and Fleet Lines the installation of programme machines first appears in 
the LT capital budgets in 1975 but with quite a low initial spend rate. It 
was a short-lived aspiration and was jettisoned even by 1977 when sig-
nal department investment was switched to terminal station and siding 
protection after the Moorgate crash; in addition there were doubts 
(well founded) about Fleet Line extension and the proposed automatic 
train operation was in due course dropped. After that, only the exten-
sion of programme machines along the Piccadilly Line survived though 
with technology moving on this too was adjusted to accommodate on-
site computers instead. After that, investment went into on-line com-
puters and positive train identification, both cash-hungry projects. No 
trace has been found of investment planned for the introduction of 
programme machines on the Central Line, so the conclusion is that 
such work that was done was no more than preliminary, perhaps simp-
ly to establish what the cost would be. Nothing has yet been unearthed 
that relates to the Bakerloo Line, but it is hard to imagine that this was 
not in somebody’s thoughts at some time. 

For what it is worth the allocation of programme machines to the vari-
ous sites is given in following table. 

 
 

Programme Machines required for Metropolitan and Fleet Lines as 
proposed in October 1973. 
 
Location Machines 

Amersham 5 

Chalfont & Latimer 3 

Rickmansworth 5 

Watford (already equipped) 2 

Watford South Junction 8 

Uxbridge 8 

Ruislip 2 

Rayners Lane 4 

Harrow on the Hill 15 

Stanmore 5 

Wembley Park 9 

Neasden 5 

Willesden Green 2 

Finchley Road 2 

Charing Cross (Strand) (only whilst a terminus) 3 

Fenchurch Street 2 

Surrey Docks 8 

Lewisham 3 

Hammersmith (Met) 4 

Edgware Road 6 

Baker Street (Met) 7 
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Location Machines 

Kings Cross (Met) 2 

Farringdon 4 

Barbican 2 

Moorgate 5 

Aldgate 5 

 
Programme Machines required for Central Line (date unknown but 
very early 1970s likely). 
 
Location Machines 

West Ruislip 6 

Ruislip Gardens 3 

Northolt 2 

Ealing Broadway (Cen) 2 

North Acton 2 

White City 7 

Marble Arch 2 

Liverpool Street 4 

Leytonstone 6 

Newbury Park 2 

Hainault 3 

Grange Hill 3 

Woodford 3 

Loughton 7 

Debden 2 

Epping 4 

North Weald 2 
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APPENDIX 3 
 
 
Programme machine introduction dates 
Ref Location Introduced Machines Notes 
1. Kennington 26 January 

1958 
4 S + 2 T All relay 

2. Camden Town 15 June 1958 4 (later 8) S 
2 T 

All relay 

3. Euston 16 November 
1958 

2 S + 1 T 
(After recon-
struction 1 S) 

All relay originally.  
Later replaced by 
electronic modular 

4. Watford  28 September 
1959 

1 S + 1 T All Relay 

5. Parsons Green 9 October 1960 4 S + 2 T All Relay. 
6. Putney Bridge 20 November 

1960 
3 S + 1 T All Relay. I S re-

moved 1963. 
7. East Finchley (us-

ing existing signal 
frame) 

25 June 1961 2 S + 1 T Relay. Time machine 
later removed. 

8. Morden 12 August 1962 7 (incl one for 
TD) 

Electronic timer and 
lever control. 3 ma-
chines have double 
stepping. 

9. Tooting 29 July 1962 2 Electronic timer and 
lever control. Both 
machines double 
step. 

10. Turnham Green 5 October 1963 3 Relay, part electronic 
11. Hammersmith 5 January 1964 7 Relay, part electronic 

12. Edgware 31 January 
1965 

7  Relay, part electron-
ic. Train storage units 
used. 

13. Acton Town 12 July 1965 12 Largely electronic, 
part relay 

14. Ealing Common 12 July 1965 3 Largely electronic, 
part relay 

15. High Street Ken 
(incl. Triangle sid-
ings). High Street 
layout uses old 
frame. 

14 May 1967 6 Largely electronic, 
part relay 

16. Earls Court 14 May 1967 6 Largely electronic, 
part relay 

17. Gloucester Road 14 May 1967 1 Largely electronic, 
part relay 

18. South Kensington 14 May 1967 2 Largely electronic, 
part relay 

19. Colindale 16 July 1967 2 Electronic 
20. Archway (uses an 

old frame) 
15 October 
1967 

2 Electronic (Note: no 
double stepping, so 
regulator sets up TD 
ex siding) 

21. Tower Hill 10 December 
1967 

2 Electronic 

22. Northumberland 
Park 

11 March 1968 2 Electronic 

23. Seven Sisters 4 August 1968 5 Electronic 
24. Walthamstow Cen-

tral 
4 August 1968 3 Electronic Copyrig
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25. Kings Cross (V) 4 November 
1968 

2 Electronic. One ma-
chine double steps. 

26. Victoria 3 February 
1969 

2 Electronic. One ma-
chine double steps. 

27. Mansion House 3 August 1969 2 Electronic 
28. Finchley Central 

(uses an old 
frame) 

14 December 
1969 

7 (incl 2 dou-
ble step) 

Electronic 

29. West Kensington 
East 

10 May 1970 2 (3) Electronic 

30. Golders Green 14 March 1971 11 Electronic. Train 
storage units used. 

31. Brixton 25 June 1971 3 Electronic 
32. High Barnet (uses 

an old frame) 
12 September 
1971 

4 (1 is TD 
only) 

Electronic. Train 
storage units used. 

33. Ealing Broadway 
(with Hanger Lane 
Jn). (Uses an old 
frame at Ealing). 

12 May 1974 3 at EB + 2 
for HL 

Electronic and relay. 
One controls TD. 
Includes storage 
units. 

34. Northfields 21 July 1974 7 Electronic. Site in-
cludes two train 
information stores 
numbered as addi-
tional machines (S3 
and S7) suggesting 
site has 9 machines. 

35. Boston Manor 21 July 1974 2 Electronic 
36. Hatton Cross. 14 July 1975 1 Electronic. Removed 

after Heathrow 
opened. 

37. South Harrow 17 July 1978 3. One for 
siding alloca-
tion. 

Electronic. 

38. Charing Cross 
(Jubilee) 

14 August 1978 1 Electronic 

39. Hyde Park Corner 
(EB) 

13 May 1979 1 PM physically locat-
ed at Earls Court and 
only had control of 
EB starter. 

40. Kings Cross (Picc) 14 October 
1979 

2 PMs physically lo-
cated at Earls Court 
and only had control 
of starters. 

Where letters ‘S’ and ‘T’ are used, they mean ‘Sequence’ and ‘Time’ machines 
respectively. 

A single programme machine was also installed at Baker Street in 1971 to 
control the northbound Metropolitan Line train describer, but as this took no 
part in controlling the signalling it is beyond the scope of this article.  It was 
subsequently removed. 
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