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This article provides a personal account of innovation with-
in the ranks of Post Office Telecommunications during the 
1970s. It may come as a surprise to many to find that there 
was any innovation at all outside of the corporation's Dollis 

Hill or Martlesham Heath Research Laboratories at that 
time. However, a few of us were embracing new technology, 
improving the efficiency of telephone exchange mainte-
nance - and winning a few awards along the way.

W
ithin the UK in 
the 1970s, each 
of the telephone 
areas inherited 
from Post Office 

Telephones1 had a General Manager 
of its own. They were largely self 
governing but united by a common 
constitution called the Engineering 
Instructions (later renamed as Tele-
communications Instructions), and a 
stores catalogue known as the Rate 
Book.

There was a wide range of mechan-
ical, electrical, and electronic equip-
ment in daily use and each telephone 
area was vexed by its own often 

 Each Telephone 
Area was vexed by its 
own often unique mix 
of problems  

unique mix of problems. Examples 
include test equipment that was too 
heavy or large to carry up a staircase, 
too many or too few alarms being 
generated, or not being able to make 
measurements essential to capacity 
planning at a particular site. Some of 
these problems could persist for many 
years because small development 
projects were given a very low priority 
by Telecommunications Headquarters 
(THQ) based in London.

Several Telephone Areas had a spe-
cial faults investigations (SFI) team. 
These teams had been formed to 
recognise and gain experience of the 
more difficult problems suffered by 

Strowger telephone exchanges such 
as 'Black Spot' - a disease of the elec-
trical bank contacts that required a 
course of intensive cleaning using yel-
low and white cotton tapes. During 
the 1970s, a few of the SFI teams were 
asked to carry out special projects. 
These were the projects that were 
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too small for THQ or the corporate 
research laboratories to care about. 
However, when I joined Post Office 
Telecommunications, Manchester 
South Area, in 1972 as a Trainee Tech-
nician Apprentice, I was not aware of 
this, and I had a reputation to build.

Replacing a valve
My first ever entry into the national 
Post Office Telecommunications 
Awards Suggestion Scheme was to 
replace the valve in a tester (TRT91) 
that was essential for dial tone detec-
tion. I devised a transistor equivalent 
for the vacuum tube that had become 
obsolete. Note that a tester in those 
days often meant a five foot high rack 
of equipment, fitted on castors, that 
could be plugged into the part of the 
exchange being tested. They were full 
of relays and made clicking, burping 
and whirring noises. A row of lamps 
on the tester would light up in se-
quence to indicate progress through 
the test - provided you kept flicking 
switches to nudge them along. This 
was an ideal task to assign to a trainee 
at that time, and it formed a signifi-
cant part of the day job along with 
running jumper wires on the main 
distribution frame.

A model telephone 
exchange
During my three year apprenticeship, 
I was trying to grasp how a telephone 
call progressed through the Strowger 
director telephone exchange at Sale to 
which I had been assigned (see Figure 
1; page 36). In order to check my un-
derstanding, I brought in a model that 
I’d made to show my colleagues. The 
model was a small box, about 20cm 
x 30cm, that had a simple schematic 
diagram of the telephone exchange 
on its top surface. Each of the items 

shown in the diagram had a tiny light 
bulb associated with it and there was 
a small, partially hidden, press button. 
Pressing the button made the lights 
come on and go off in a sequence that 
demonstrated his understanding of 
how the telephone exchange worked. 
On seeing this demonstration, my col-
leagues were shocked to think that all 
this functionality could be built into 
one small box. Opening the back of 
the box revealed that there was actu-
ally a lot of space inside. There were 
no uniselectors or relays. Instead, 
there was an electronic circuit made 
from a handful of early 7400 series 
computer chips (see Figure 2; page 
36) that I’d bought from a junk shop 
in Manchester. My colleagues were 
also shocked because the realisation 
soon dawned on them that their days 
of oiling and adjusting the largely me-
chanical telephone exchange would 
be numbered.

Attracting attention
I demonstrated the model telephone 
exchange to the area training officer 
who in turn brought it to the atten-
tion to the head of the power supply 
division. He was then given a small 
amount of funding and was allowed 
to book time on a 'miscellaneous' 
budget to tackle more widespread 
problems.

A digital recording 
ammeter
My first 'miscellaneous' project was 
for digitally recording bus bar cur-
rent on punched paper tape. This was 
being done manually at the time by 
measuring the height of a graph on a 
pen recorder and then sitting at a tele-
type terminal to key in the values by 
hand. A remote mainframe computer 
could then calculate the area under 

the graph, and compute the power 
consumption that, for an electro-me-
chanical exchange, was proportional 
to the overall volume of telephone 
traffic. Due to the tiny budget avail-
able, the digital circuitry had to be 
built into a standard yellow tool box. 
I incorporated an early digital voltme-
ter circuit that was connected to the 
large bus bar shunt in place of a pen 
recorder. Each current measurement, 
punched as a series of holes into the 
tape, required an accompanying time 
stamp, and so I designed and con-
structed one of the first ever digital 
clocks and built that into the lid of 
the tool box. All this was achieved 
using nothing more than 7400 series 
logic gates and operational amplifiers. 
I was given a printing re-perforator 
(an 8-hole-wide paper tape punching 
machine) but had to devise a way to 
drive the 70-volt solenoids to actually 
punch the tape. I chose high speed re-
lays for that task.

Chopper amplifier
Next, I discovered that not all ex-
changes had a suitable bus bar shunt 
to which a recording ammeter could 
be connected. Amazingly, it had been 
standard practice in these exchanges 
to fit a shunt alongside a section of 
bus bar, saw through the bar, take the 
measurements over a few weeks, then 
weld the original bar back together 
and remove the shunt. To solve this 
problem, I independently invented 
the chopper amplifier2 for measuring 
micro-volt potential differences in a 
standard length of aluminium bar. I 
once again chose a high speed relay, 
this time to chop the minute volt 
drop into a square wave that could be  
amplified more accurately. The square 
wave a.c. signal was amplified, pre-
cision rectified, and smoothed back 

1970s: A time of tie – dye, flower power and lava lamps. It was also a time of innovation, as David Donnelly, 
Trainee Technician Apprentice (1972-1975) set out to prove.
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to d.c. for output to the pen recorder 
using three 741 series operational am-
plifier chips. This project was highly 
successful. I made a few of these 
devices and used them at several ex-
changes around Manchester South 
Area. In addition, with three con-
nections attached to a length of bus 
bar, around the point where a cable 
was bolted on, the device was able to 
solve a simple equation to determine 
the amount of current leaving the bar 
and into the cable.

first telephone call 
distributor
By now I’d become well known 
with all the divisional heads in Man-
chester South Area, and was asked 
to devise a way of steering telephone 
calls to the engineers who dealt with 
calls to the repair service control 
centre based at Altrincham. The idea 
was to steer calls from 20 incom-
ing telephone lines to the engineer 
most likely to be seated next to the 
carousel holding the routing and re-
cord cards relating to the telephone 
exchange from which the customer 
was calling. This was achieved by 
making an electronic switching sys-
tem out of 7400 series logic gates and 
reed relays. Several of these devices 
were slotted in a card cage that was 
put on top of the old manual board 
used by the engineers. The beauty 
of this design was in the fact that it 
automatically distributed calls, giv-
ing priority to the engineers sat next 
to the information they needed, but 
could also send calls to those engi-
neers a little further up the room if 
they were free. It no longer relied 
on a human to remember which call 
had been waiting the longest.

Oscilloscope beam 
splitter
After my apprenticeship I was given 
the rank of technician and, whilst 
still based at Sale telephone ex-
change, I independently invented 
an oscilloscope beam splitter3 . Hav-
ing two traces on the display helped 
with fault finding on the discrete di-
ode transistor logic circuitry of the 
newly introduced Stored Programme 
Control (SPC) unit that had replaced 
the electro-mechanical directors in 
the core of the exchange (see Figure 
3). I built the circuitry into a small 

cough drop tin. The beam splitter 
worked by separately modulating the 
top and bottom of a high frequency 
square wave.

Joining the SFI team
I was soon promoted to Technical Of-
ficer and transferred to the local SFI 
team (see Figure 4) which was then 
based at Gatley telephone exchange 
in Cheadle. There, I helped the team 
to develop a variety of alarm man-
agers and test equipment for man-
ual boards, crossbar, and reed relay 
electronic telephone exchanges. The 
team was made up of several very 
talented individuals. My first project 
with the SFI team involved splitting 
an existing tester into three separate 

boxes, redesigning the circuitry to 
use miniature relays and light emit-
ting diodes, and to make each box 
truly portable. Now, not only could 
three people work on these tests in-
dependently, but they no longer had 
to risk injury carrying the original 
tester up a winding staircase!

TXE4 alarm management
A TXE4 reed relay electronic tele-
phone exchange had a lot of built in 
redundancy to provide resilience. It 
could tolerate large parts of it being 
taken out of service without affecting 
customers. Despite this, it was very 
trigger-happy and would set alarms 
off in the middle of the night result-
ing in engineers being called out who 

Callers were getting a lot of wrong numbers and the technical 
officers on exchange maintenance could not get the 'A' relays 

(that detected loop-disconnect dialling pulses) to consistently 
pass overnight test routines. A little investigation revealed that 
the circuitry around the 'A' relays, and also their associated test 

equipment, both suffered from similar design flaws.
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only had to press a reset button and 
go home. The engineers explained 
that the exchange need only gener-
ate a call-out when five out of nine 
groups of alarms had been raised 
and within each group there had to 
be at least two out of three alarms 
raised. My first thought was to solve 
this problem using logic gates but, 
after a little more consideration, a 
much simpler solution emerged. I re-
vamped an old analogue computing 
technique that utilised appropriately 
weighted resistors, a few diodes, and 
one transistor. I also remember re-
placing an error counter that used dis-
crete transistors to divide-by-8 with a 
7400 series counter chip configured 
to divide-by-128. Both solutions were 
rolled out across the telephone area 
and made Manchester South's call-
out figures look brilliant when com-
pared to the national average.

Fixing crossbar 
exchanges
The newly installed TXK3 crossbar 
exchanges presented an interesting 
challenge. Callers were getting a lot 
of wrong numbers and the technical 
officers on exchange maintenance 
could not get the 'A' relays (that de-
tected loop-disconnect dialling puls-
es) to consistently pass overnight 
test routines. A little investigation 
revealed that the circuitry around 
the 'A' relays, and also their associ-
ated test equipment, both suffered 
from similar design flaws. When 
looking at the circuitry, it was found 
that only one contact of the 'A' relay 
was being used and its pulses were 
intended to be 'cleaned up' by two 
discrete transistor mono-stables that 
were hand-wired onto soldered con-
nection strips. The problem was that 
these mono-stables were stretching 
any contact bounce and making it 
worse, rather than removing it. The 
solution was simply to make full use 
of the changeover contact on the 'A' 
relay and re-wire the circuitry as a 
single bi-stable. This worked per-
fectly on one exchange but before it 
could be rolled out further, a much 
more expensive national solution 
was put in place. That involved re-
placing the armature of every 'A' re-
lay with a Hall Effect Device4 togeth-
er with related electronics to amplify 
the signal!

Enter the 
microprocessor
My first microprocessor develop-
ment system was an SC/MP Introkit5 
based on an INS600D microproces-
sor from the National Semiconduc-
tor® Corporation6. This introductory 
kit made use of the keyboard and 
display of a hand-held calculator at-
tached by a ribbon cable to the main 
circuit board. When I brought the kit 
into work, I was able to show that it 
could monitor meter pulse supplies 
from telephone exchanges all around 
the Telephone Area over a number of 
private wires. At that time, the meter 
pulses were derived from a pendu-
lum clock in each exchange, and the 
pulse rate (cheap, medium, full) was 
selected manually by a local techni-
cian three times a day. By monitoring 
all the supplies and forming a major-
ity decision as to what the tariff rate 
should be, the micro-processor was 
able to raise an alarm if any meter 
pulse supply was either too late or 
too early changing over to the next 
rate.

Traffic pattern 
measurement
Around 1978 most telephone areas 
had to clear some central office space 
for a DEC7 PDP11 mini-computer 
that was used to remotely generate 
test calls originating from each local 
exchange and accurately measure 
Quality of Service for the first time. 
The problem with this was that the 
statistical distribution of the test calls 
and their destinations had to approx-
imate that of real telephone subscrib-
ers. Gathering the necessary real traf-
fic distribution pattern, by hand, took 
one person about a month spread 
over a six month period for each lo-
cal exchange. To help out with this  
activity, I devised a microproces-
sor solution that could monitor the 
digits being dialled into the 'A' digit 
selectors of Strowger exchanges and 
analyse the area codes of 3000 real 
telephone calls in just three days 
elapsed time. One rather curious 
point of design detail was when I 
described this solution as a box that 
had one input (i.e. 10 pulses per sec-
ond loop disconnect dial pulses in), 
and one output (10 pulses per sec-
ond loop disconnect dial pulses out). 
The output was loop disconnect only 

because that was the interface to the 
cheapest printer available from the 
Rate Book (a Printer 302) that I used 
to print a table of the most frequently 
observed area codes and their cor-
responding call counts. Despite this 
solution working extremely well, 
and being used all over Manchester 
South, it failed to win a national sug-
gestion award because the judges 
felt that it gathered the data too fast. 
They had completely overlooked the 
fact that the measurements could be 
repeated as often as necessary over a 
six month period and within days of 
a new trading estate opening up for 
example.

Random call generator
Towards the end of the 1970s, the 
TXE4 reed relay exchange roll-out 
programme was accelerating. To sup-
port the process of installation and 
acceptance testing, flood test equip-
ment was needed to exercise each 
exchange before it was brought into 
service. However, commercial flood 
test equipment was very cumber-
some and expensive. What was real-
ly needed was something that could 
simply generate thousands of calls to 
random destinations within the new 
exchange. The random telephone 
calls could make it look like the ex-
change was already in service, tease 
out any equipment alarms, and com-
pete with the relatively small amount 
of genuine test traffic that could be 
arranged for. My microprocessor so-
lution, based on an Intel® 8085 chip, 
was cabled up to 96 incoming trunk 
circuits and was able to generate 
9600 calls an hour. Interestingly, it 
used so many random numbers that 
repeating patterns were often discov-
ered after about one week of opera-
tion. To combat that problem, I de-
veloped a white noise source, with an  
associated high speed counter that 
could be read by the microprocessor 
whenever it needed a random num-
ber. The team made several of these 
random call generators and hired 
them out to other Telephone Areas.

The Edgeley electronic 
queuing equipment
The head of maintenance for Man-
chester South Telephone Area had 
a problem with the maintainability 
of the electro-mechanical call queu-
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ing system used by directory enqui-
ries operators based at Edgeley near 
Manchester. The wear and tear on 
uniselector equipment was unac-
ceptable8. Both the uniselectors and 
their associated wiring looms had to 
be constantly replaced [1].

I was able to recommend, design, 
and build a replacement system (see 
Figure 5) using:
a)	A Commodore PET9 computer 

(shown in Figure 4), brought in 
from home;

b)	An Intel 8085 microprocessor de-
velopment system;

c)	State machine solutions, learned 
while maintaining the SPC tele-
phone exchange equipment;

d)	Reed relay technology from TXE4 
building blocks.

That system was the first queuing 
system to use a personal computer 
purely as a management interface and 
was also the first system to automati-
cally manage the length of a queue 
with respect to the number of agents 
in service. It was so successful that 
representatives of Birmingham Facto-
ries Division (which later became Ful-
crum Communications Ltd.) came to 
see the small SFI team in Manchester 
and began mass producing these sys-
tems for national roll-out. As a result 
of this the team won the largest ever 
Suggestion Award up to that date of 
£12,000 [2].

A white meter project
The last project that I completed for 
Manchester South Telephone Area 
was to develop a 'white meter' solu-
tion. The management team were 
toying with the idea of providing dis-
counts for multi-national business 
users or for calls that people made to 
their circle of family and friends. I of-
ten think of this as my finest piece of 
design work but it had to be kept very 
quiet at the time because it might have 
been considered anti-competitive. The 
team made several devices each capa-
ble of monitoring 16 telephone lines 
and switching their meter pulses to 
cheaper 'white meters'. This design 
had a few novel features including a 
hand held display. The display unit 
looked like a TV remote control but 
it worked in reverse, with the rack 
mounted equipment beaming an in-
fra-red signal to the hand held device.

Figure 1 Figure 2 

Figure 3 

Figure 5 
The Messenger newspaper (Sale; appeared 
25 February 1977); Donnelly 1977.

May 6, 1983; Copyright © Manchester Evening 
News. Fig  5: David Donnelly, 1982. Figure 4 

Figure 1: People that could be found most days working at the 30,000 line 
exchange in Sale, Cheshire, around 1977. It includes both maintenance and 
exchange installation people together with one member of the SFI team and 
two cleaners. (The author is front row, far right). Image Copyright © David 
Donnelly 1977
Figure 2: An example of a 7400 series integrated circuit. They were used to 
build the mini and mainframe computers of the 1960s and 1970s and pin-
compatible descendants of the original family have since become de-facto 
standard components.
Figure 3: The author at the control panel of a GEC Mark 1c Telecommunica-
tions Computer. Five double racks of this stored program control equipment 
replaced the director heart of two of the 10,000-line Strowger exchanges at Sale. 
The Diamond Ring Stores have been turned to face the camera. The stored 
program was created by threading wires vertically through rows of horizontal 
transformers. A similar store mounted on the back of the rack provided local 
number translations for both local and national dialling codes. This image 
first appeared in the Sale version of The Messenger newspaper on 25 February 
1977 and is used with permission. Image Copyright © David Donnelly 1977
Figure 4: Six members of the SFI team and a Commodore PET computer. From 
the left: John Harris, Charlie Heald, Colin Price, Peter Gibbons, David Donnelly 
(the author), and Jim Hirst. (May 6, 1983; Copyright © Manchester Evening 
News.)
Figure 5: My first self contained micro-computer card. The key features of 
this card are the 8085 microprocessor chip, which ran at a clock speed of just 
3MHz (half the crystal frequency), 4kbyte of Erasable Programmable Read 
Only Memory chips, and just over 2kbyte of Random Access Memory. When 
used within the Edgeley call queuing equipment, this card could control up to 
48 incoming telephone calls and connect them with 20-agent consoles whilst 
gathering raw statistics for further interpretation and display by a Commodore 
PET computer. (Image Copyright © David Donnelly 1982.)
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I believe I was extremely fortunate to have been work-
ing in the right place at the right time in history, and 
to have been given flexibility by my managers to try 
different things. During the 1970s, many telecommuni-
cations engineers had electronics as a hobby and their 
expertise could be put to good use both at home and at 
work to solve common problems using a combination 
of discrete electronics and logic gates.

In those days, maintenance technicians had to have 
full visibility of the circuit diagrams they were support-
ing and electro-mechanical systems such as telephone 
exchanges could be greatly improved by adding a small 
amount of electronics.

Once you had become known for this kind of 

innovation, there would always be some 'miscellaneous 
budget' that could be used by your line management to 
fund local projects that could make their department or 
region look better than the national average for quality 
of service, productivity or efficiency10.

Throughout the 1970s, there was a flourishing Award 
Suggestion Scheme within Post Office Telecommunica-
tions and a number of field solutions were also pub-
lished in the regular "Regional Notes" section of the 
IBTE Journal (the predecessor of the ITP Journal). How-
ever, most telephone areas kept their ideas to them-
selves unless they actually won a significant award. 
Therefore, other areas could well have a similar story of 
local innovation still to tell.

Author’s Conclusions

Past: Back in 1977, I was named 
Apprentice of the Year after winning 
both a regional heat and a national 
final competition held over a 4-day 
period at the Post Office Telecom-
munications Training Centre at 
Stone [3]. The prize for winning 
that title was to represent the UK for 
Industrial Electronics in the Interna-
tional Apprentice Competition held 
in Utrecht later that year. The Soci-
ety for the Promotion of Vocational 
Training and Education (VOTE) or-
ganised the international contests 
which began in 1950 and covered a 
wide range of skills from car main-
tenance to brick laying.

Life was different in the 1970s 
because most site-specific problems 
were hardware-related and not soft-
ware-based. I was a subscriber to 
the magazine Practical Electronics 
from the late 1960s where I learned 
about 7400 series logic chips one by 
one as they came onto the UK hob-
byist market for the first time [4]. 
I also learned analogue computing 
techniques [5] and built several 
electronic projects at home. With 
this knowledge and practical expe-
rience, I was positioned well ahead 
of the game when I started my ap-
prenticeship in 1972.

Present: Today, there is more em-
phasis on configurable software-
based applications and services and 
the balance between the network 

operator and equipment suppliers 
has changed. There are far fewer 
opportunities for field modifications 
to modern IT-based telecommunica-
tions equipment. 

Operators now outsource much 
of the design, build, fault and repair 
work to their suppliers and suppli-
ers are expected to continuously 
upgrade and improve their own 
products.
 
The future: Today's telecommu-
nications companies should never 
lose sight of the fact that their own 
people are often capable of suggest-
ing improvements to modern sys-
tems and services. But how can we 
encourage today's apprentices and 
technicians to be creative and think 
outside of the box? How can we 
trust the brightest ones to use some 
'miscellaneous budget' wisely when 
we are all so tightly time-managed 
these days?

I am pleased to see that the ITP 
continues to run a national Appren-
tice Awards scheme to this day. The 
national Apprenticeship Awards are 
held annually to celebrate the suc-
cess of apprentices who have made a 
real difference to their future and to 
the organisation they work for. They 
also recognise the work of employ-
ers who are successfully tackling 
skills shortages to build their future 
workforce through apprenticeships.

In addition to apprenticeship 

schemes and especially in these 
times where cash incentives for en-
gineers may be limited, perhaps we 
should also be thinking of rewarding 
our best people by giving them some 
quality time to try out new ideas of 
their own, and trusting them to in-
novate. For example, certain inno-
vative animation studios and search 
engine companies are often cited as 
model businesses where employees 
are encouraged to spend a portion 
of their time each week working on 
personal projects.

Employee suggestions should 
always be encouraged, properly re-
warded, given serious consideration 
and whenever possible, they should 
be further developed and rolled out 
nationally or even internationally.

For any engineer the best prize 
of all is seeing their ideas being ad-
opted by the company, making sig-
nificant cost savings, or bringing in 
new business.

PAST, PRESENT AND FUTURE

 I am pleased 
to see that the ITP 
continues to run a 
national Apprentice 
Awards to this  
day.  
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1	 In October of 1969, the General Post Office ceased 
to be a government department and the Post Office 
Telephones division was renamed Post Office Tele-
communications. Post Office Telecommunications 
was eventually renamed to British Telecom in 1980 in 
anticipation of the British Telecommunications Act of 
1981.

2	 Chopper amplifiers employing vibrating metal contacts 
and valve amplifiers had been around since the 1950s 
and were used for medical and scientific purposes. 
Analog Devices™, Inc., based at Norwood, Massachu-
setts, launched its first chopper amplifier based on a 
Field Effect Transistor switch in the late 1960s. They 
were in modular form, about 2.5cm square, with com-
ponents soldered onto a small board that was then 
cast in epoxy resin.

3	 The author wrote up his solution and sent it to Prac-
tical Electronics magazine. However, he was advised 
that the magazine had just taken receipt of an 8-trace 
design from another contributor [6].

4	 See en.wikipedia.org/wiki/Hall_effect
5	 See www.old-computers.com/museum/computer.

asp?st=1&c=1147 

6	 National Semiconductor Corporation is based at Santa 
Clara, California.

7	 Digital Equipment Corporation that was based at May-
nard, Massachusetts.

8	 The uniselectors in question were known as primary 
and secondary 'allotters'. They belonged to the South-
ampton Suite, so named because the design was first 
installed in the Southampton Telephone Area. In trying 
to cope with almost 10,000 calls a day, the engineers 
at Edgeley were having to adjust or change several sets 
of wipers a day, replace a set of bank contacts once 
a week, and the whole wiring loom for a shelf every 
couple of months. The air was thick with the smell of 
hot flux from all the soldering that was required.

9	 See www.old-computers.com/museum/computer.
asp?c=103&st=1

10	 The rivalry between telephone areas even extended 
to the choice of hard hat. The so called 'Manchester 
Type' helmet allowed rain water to drip down the back 
of your neck, whilst the 'Liverpool Type' had a gully 
that channelled water around to the front where it 
would periodically run off the peak when you bowed 
your head.

FOOTNOTES

SFI	 Special Faults Investigations
SPC	 Stored Programme Control
THQ	 Telecommunications Headquarters
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