
Contents
1. First case study – the subdivision of the light

(development of the incandescent filament lamp) ...............
1.1 Introduction ............................ ................................ ............................
1.2 Electrical science in the seventeenth, eighteenth and nineteenth

centuries
1.3 The nineteenth century environment ............................ ......................
1.4 The luminous flame............................ ................................ ................

1.4.1 Gas lighting practice as a model for incandescent lamp
installations............................ ................................ .........

1.5 Sources based on refractory oxides ............................ ........................
1.5.1 Limelight ............................ ................................ .......................
1.5.2 The Welsbach mantle ............................ ................................ ....
1.5.3 The Nernst lamp ............................ ................................ ............

1.6 The arc lamp............................ ................................ ...........................
1.6.1 Early developments ............................ ................................ .......
1.6.2 Jablochkoff Candle ............................ ................................ ........
1.6.3 Enclosed arc ............................ ................................ ..................
1.6.4 Flaming arc ............................ ................................ ....................
1.6.5 Tungsten arc ............................ ................................ ..................

1.7 The incandescent filament lamp............................ ..............................
1.7.1 The incandescent-arc lamp ............................ ............................
1.7.2 The first inventor of the carbon filament lamp – Heinrich

Göbel ............................ ................................ ..................
1.7.3 The second inventor of the carbon filament lamp – Joseph

Wilson Swan............................ ................................ .......
1.7.4 The third inventor of the carbon filament lamp – Thomas Alva

Edison ............................ ................................ .................
1.7.4.1 An Edison chronology ............................ ..........................
1.7.4.2 Early life and inventions ............................ .......................
1.7.4.3 Electromotograph............................ ................................ ..
1.7.4.4 Etheric force – the Black Box ............................ ...............
1.7.4.5 The electric pen and mimeograph ............................ .........
1.7.4.6 Menlo Park – the world’s first industrial research

laboratory ............................ ................................ ............
1.7.4.7 The telephone............................ ................................ ........
1.7.4.8 The phonograph ............................ ................................ ....
1.7.4.9 Other acoustic inventions............................ ......................
1.7.4.10 The tasimeter and odoroscope............................ .............
1.7.4.11 The incandescent lamp............................ ........................
1.7.4.12 The tar putty lamp............................ ...............................
1.7.4.13 The electric railway............................ .............................
1.7.4.14 The Edison Effect, pre-cursor of the thermionic valve ...



What Makes a Successful Innovation?

1.7.4.15 Wireless communication............................ .....................
1.7.4.16 If it moves, patent it – “Never mind the quality, feel the

width” ............................ ................................ ......
1.7.4.17 After the lamp ............................ ................................ .....
1.7.4.18 The twilight years ............................ ...............................

1.7.5 The also-rans ............................ ................................ .................
1.7.5.1 Moses G. Farmer............................ ................................ ...
1.7.5.2 Hiram S. Maxim............................ ................................ ....
1.7.5.3 St. George Lane Fox ............................ .............................
1.7.5.4 William E. Sawyer and Albon Man............................ ......

1.7.6 Subsequent technological developments ............................ .......
1.7.6.1 Developing the carbon filament............................ ............
1.7.6.2 Value engineering ............................ ................................ .

1.7.7 New filament materials ............................ ................................ ..
1.7.7.1 Refractory mixtures and carbon additives.........................
1.7.7.2 Metal filaments ............................ ................................ .....
1.7.7.2.1 Osmium............................ ................................ ..............
1.7.7.2.2 Vanadium, niobium and tantalum............................ ......
1.7.7.2.3 Tungsten............................ ................................ .............

1.7.8 Infrastructure ............................ ................................ .................
1.7.9 Patents and litigation – agreements and combinations – market

power ............................ ................................ .......
1.7.9.1 Diversity of national patent laws............................ ...........

1.7.10 Litigation in the UK............................ ................................ .....
1.7.10.1 Edison v. Swan ............................ ................................ ....
1.7.10.2 Edison and Swan United Electric Light Co. Ltd. v.

Woodhouse and Rawson (First Action),
[1886] RPC 167 [1887] RPC 79 .........................

1.7.10.3 Edison and Swan United Electric Light Co. Ltd. v.
Woodhouse and Rawson (Second Action),
[1887] RPC 99 ............................ .........................

1.7.10.4 Edison and Swan United Electric Light Co. Ltd. v.
Holland [1888] RPC 459, [1889] RPC 243.........

1.7.11 Development of the British incandescent lamp industry
following the carbon filament lamp cases...........

1.7.12 Conflicts elsewhere............................ ................................ ......
1.7.12.1 USA ............................ ................................ ....................
1.7.12.2 France............................ ................................ ..................
1.7.12.3 Germany............................ ................................ ..............
1.7.12.4 The Netherlands ............................ ................................ ..

1.7.13 Cartels............................ ................................ ..........................
1.7.13.1 The petition of the Robin Electric Lamp Co. Ltd. for a

compulsory licence under the tungsten filament
lamp patents [1915] RPC 202............................ ..



Contents

1.7.13.2 The Phoebus Organisation ............................ ..................
1.7.14 Physical regulation ............................ ................................ .....
1.7.15 Competition law ............................ ................................ ..........
1.7.16 Finance ............................ ................................ ........................

1.7.16.1 Franchising............................ ................................ ..........
1.7.16.2 Stock market shenanigans ............................ ...................
1.7.16.3 Patents as a source of finance............................ ..............

1.7.16.3.1 William Siemens ............................ ........................
1.7.16.3.2 Joseph Wilson Swan............................ ...................
1.7.16.3.3 Nikola Tesla ............................ ...............................
1.7.16.3.4 Maintenance of profits............................ ................

1.7.17 Marketing ............................ ................................ ....................
1.7.17.1 Learned societies............................ ................................ .
1.7.17.2 Pathfinder installations............................ ........................
1.7.17.3 Exhibitions ............................ ................................ ..........
1.7.17.4 Advertising............................ ................................ ..........

1.7.18 Market organisation ............................ ................................ .....
1.7.19 Communication – diffusion of knowledge ............................ ..
1.8 Influences on the development of the incandescent lamp

industry ............................ ................................ ....
1.9 Conclusion............................ ................................ ........................

2. Second case study – the birth of electronics
(wireless communications and the thermionic valve) .........

2.1 Introduction ............................ ................................ ............................
2.2 Early communications ............................ ................................ ............
2.3 Cable ............................ ................................ ................................ ......
2.4 Communication by induction – a halfway house ............................ ...
2.5 Wireless............................ ................................ ................................ ..

2.5.1 Early transmitter technology............................ ..........................
2.5.2 Receivers ............................ ................................ .......................

2.6 The thermionic valve............................ ................................ ..............
2.6.1 Early developments ............................ ................................ .......
2.6.2 Technological evolution of the valve............................ .............

2.7 The growth of radio ............................ ................................ ................
2.7.1 Communication with ships at sea ............................ ..................
2.7.2 The call of empire ............................ ................................ ..........

2.7.2.1 Germany’s imperial wireless system ............................ ....
2.7.2.2 British imperial communications ............................ ..........

2.7.3 Relationship between the wireless and cable companies ...........
2.7.4 Broadcast entertainment ............................ ................................
2.7.5 Beating ploughshares into swords and back again.....................
2.7.6 Entrepreneurial activity ............................ ................................ .



What Makes a Successful Innovation?

2.8 Patents and litigation ............................ ................................ ..............
2.8.1 The patent pool ............................ ................................ ..............

2.9 Agreements and cartels ............................ ................................ ..........
2.10 Acquisitions, cross-licences and linked shareholdings.....................
2.11 Regulation ............................ ................................ ............................

2.11.1 Maritime communications ............................ ...........................
2.11.2 Broadcasting ............................ ................................ ................
2.11.3 Long-distance communication............................ .....................

2.12 Competition law ............................ ................................ ...................
2.13 Influences on the development of the electronics industry ..............
2.14 Conclusion............................ ................................ ............................

3. Third case study – the solid state advent
(early development of the transistor) ............................ ...........

3.1 Introduction ............................ ................................ ............................
3.2 Early discoveries and inventions ............................ ............................
3.3 The first inventor of the transistor - Julius Lilienfeld.........................
3.4 The second inventors of the transistor - Hilsch and Pohl ...................
3.5 Third time lucky! – the invention of the transistor at Bell Labs.........

3.5.1 The advent calendar - key stages in the development ................
3.5.2 The point contact transistor ............................ ...........................
3.5.3 The junction transistor ............................ ................................ ...
3.5.4 Growth and purification of single crystal material .....................

3.5.4.1 Czochralski growth ............................ ...............................
3.5.4.2 Zone refining and zone levelling............................ ...........
3.5.4.3 The taming of deathnium ............................ ......................
3.5.4.4 Vapour phase deposition ............................ .......................

3.5.5 The grown junction transistor ............................ ........................
3.5.6 The alloyed junction transistor ............................ ......................
3.5.7 The drift transistor ............................ ................................ .........
3.5.8 The post-alloy diffused transistor ............................ ..................
3.5.9 The surface barrier transistor – a technological cul-de-sac .......
3.5.10 The double-diffused mesa transistor ............................ ............
3.5.11 The planar transistor ............................ ................................ .....
3.5.12 The epitaxial transistor ............................ ................................ .
3.5.13 The integrated circuit ............................ ................................ ....

3.6 Influences on the development of the semiconductor industry ..........
3.7 Conclusion ............................ ................................ .............................

4. Fourth case study – The Silicon Integrated Circuit
(the microprocessor and the memory chip) ............................

4.1 Introduction ............................ ................................ ............................
4.2 The house that Gordon and Bob built............................ .....................



Contents

4.3 Launch products ............................ ................................ .....................
4.3.1 The DRAM............................ ................................ ....................
4.3.2 The EPROM ............................ ................................ ..................
4.3.3 The microprocessor ............................ ................................ .......

4.4 Covert inventions ............................ ................................ ...................
4.5 Legacy systems ............................ ................................ ......................
4.6 The personal computer ............................ ................................ ...........
4.7 Funding ............................ ................................ ................................ ..
4.8 Second sourcing ............................ ................................ .....................
4.9 Competition............................ ................................ ............................

4.9.1 Rival microprocessors ............................ ................................ ...
4.9.2 Commodification of memory chips ............................ ...............
4.9.3 The balance of reward and risk – quit while you are ahead.......

4.10 Intellectual property rights ............................ ................................ ...
4.10.1 Mask topography protection ............................ ........................
4.10.2 Microcode............................ ................................ ....................
4.10.3 Patents............................ ................................ ..........................
4.10.4 “Intel inside” ............................ ................................ ................
4.10.5 Use of the legal process ............................ ...............................

4.11 Moore’s Law ............................ ................................ ........................
4.12 Conclusion............................ ................................ ............................


