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Notes on the Use of an Augmented Production Function for Explaining the First and Second 

Industrial Revolution 

 

I The Framework 
 
 Q = A (K*)α(L*)β(La)[1-(α+β) 
 
 Where K* = qk K is augmented capital 
  
 And L* = [e(h) h]W is augmented labor and 
  
 La = qla La is augmented land 
 
Note that if we write L* = (L*)α(L*)β(L*)[1-(α+β)] we can rewrite the equation in the form of a per-

augmented labor unit equation where output per augmented work unit q is expressed in terms 

of augmented unit of capital per augmented work unit (k*) and augmented land unit per 

augmented labor unit (la*) as follows: 

 
 q = A k* la* 
 
A = total factor productivity consists of three elements: (1) ideas and social infrastructure 

supporting the diffusion of ideas (e.g.: private property rights in ideas, like the patent system); 

and (2) scale economies including geographic scale economies; and (3) shifts in the mix of 

production, for instance a shift away from agriculture, workers moving from the rural sector as 

farmers to the urban industrial sector as factory workers. Since α is the share of capital in 

income (equals the return to capital services as a percent of total GDP), and β is the share of 

labor in income (equals wages paid as a percent of total GDP) and [1-(α+β)] is the share of land, 

a shift from agriculture to industry in terms of resources used increases α + β and reduces the [1- 

(α + β)]. 
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Using this framework we can pinpoint some key elements of the first and second industrial 

revolution. 

II The First Industrial Revolution 

 II.A The total factor productivity parameter (A) 

Key ideas: Vacuum pump (Boyle), Latent Heat (Black) and the seeds of the First Law of 

thermodynamics (Watt) 

Key aspects of social infrastructure: (1) industrial enlightenment – bringing together 
practical mechanics and scientists, social leveling; and (2) patent system 
 
Key scale economies: existence of a cheap source of cotton allowed textile industry to 
grow rapidly; (2) factory system; and (3) geographic scale economies associated with the 
emerging British industrial belt, the “industrial coffin” 
 
II.B Quality improvements in capital (qK) 
 
Watt steam engine supplanting Newcomen engine (huge efficiency gain in terms of 
pumping action per unit of coal and heat) 
 
Flying shuttle speeding up weaving 
 
Power loom in weaving 
 
Puddling furnace superior to earlier furnaces (Cort) 
 
II.C Increases in k* (augmented capital per unit of augmented labor) 
 
Multiple spindles on mule and jenny 
 
Ring spinning versus mule spinning 
 
II.D Increases in hours worked (h) 
 
Factory system and discipline of the clock 
 
Piece work 
 
Factory laws tried to address some of these abuses 
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Suppression of the Luddites 
 
III The Second Industrial Revolution 
 
 III.A The total factor productivity parameter (A) 
 
  Ideas: science and engineering plays an increasingly important role 
 

Examples:  (1) electromagnetism; (2) steel making; and (3) germ theory of 
disease 

 
(1) Electromagnetism – theory of electromagnetic fields and electrolysis 

(Michael Faraday and James Clerk Maxwell) 
 
The Telegraph using wires: Samuel Morse (patent of 1847 contested in 
Supreme Court) 
 
Combining Hertz’s theory of radio waves with telegraph, Guglielmo 
Marconi pioneers wireless telegraph using radio waves 
 
(2) Steel making 

 
Open hearth process supplants Bessemer converters: developed by 
German and French engineers (Carl Siemens and Pierre-Emile Martin) 
Recycling hot gases and producing steel without exposing it to excessive 
amounts of nitrogen 

    
(3) Germ theory of disease 

 
Microscope and methodology for pinpointing harmful microorganisms 
 
Louis Pasteur (wine, pasteurization) and Robert Koch (anthrax, 
method for isolating harmful microorganisms, microbiology) 
 
Rise of Chemical industry 
 
Sulpha drugs and antibiotics  
 
Campaigns for chlorination of water, sewer systems and flush toilets, 
antiseptic methods in hospital wards 
 

  
Mass marketing and mass production: declining costs of transmitting 
information and shipping goods 
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Rise of the Invisible Hand of large corporations (Chandler) 
 
Scale economies in the distribution of hydroelectricity 

 
III.B Quality improvements in capital 
 
 Growing use of low cost steel in buildings, transport vehicles, bridges and 

rails and trestles for railroads 
 
III.C Quality improvements in land 
 
 Application of the law of the minimum for agriculture (advances in 

German organic chemistry) improve fertilizer usage 
 
 New seed varieties coming out of agricultural experimentation stations 
 
III.D Increase in hours worked  
 
 Decline in infectious disease, less worker absenteeism 
 
 Applications of electricity to household production: refrigerators, vacuum 

cleaners, washing machines 
 
III.E Automation and the Growth in k* 
 
 Improvements in qK may reduce skill requirements for jobs 
 
 Computer keyboards: why use the old typewriter keyboard? 
 
  


