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A lecture in memory of 
Charles Proteus Steinmetz
Apr 9, 1865 ςOct 26, 1923

Wiki Commons

Legendary pioneer of 
electrical engineering,

On the 150th anniversary 
of his birth

http://en.wikipedia.org/wiki/Charles_Proteus_Steinmetz
http://commons.wikimedia.org/wiki/File:Charles_Proteus_Steinmetz.jpg


LΩƳ ŜǎǇŜŎƛŀƭƭȅ ƘƻƴƻǊŜŘ ǘƻ ƘŀǾŜ ōŜŜƴ invited
to give this lecture for Steinmetz has been a 
powerful role model for me, because of his: 

(i) PƛǾƻǘŀƭ ǊƻƭŜ ƛƴ ǘƘŜ ά!/ ǊŜǾƻƭǳǘƛƻƴέΣ 
(ii) Creatively living a wonderfully full life,
(iii) And doing all this in the face of hardships 

that could have crushed a lesser soul. 

Back in 1978 at MIT, as I struggled to launch a 
later revolution, I kept a his photo on my office 
wall (see at right, just above the chair) . . .

[ȅƴƴΩǎ ƻŦŦƛŎŜ ŀǘ aL¢Σ мфту

http://ai.eecs.umich.edu/people/conway/Memoirs/MIT/MIT_Reminiscences.pdf
http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MIT78.html
http://ai.eecs.umich.edu/people/conway/VLSI/MIT78/MIT78.html


Keep these words in mind . . .άThe farther backward you can look, 
the farther forward you can see.έ ςWinston Churchill

Link

As we travel through time . . . 

http://en.wikipedia.org/wiki/Winston_Churchill
http://blog.primalpastures.com/wellness/staying-healthy-road-challenges-answers/


²ŜΩƭƭ ŦƛǊǎǘ ǎǘŜǇ ōŀŎƪ ŀƴŘ ǊŜŦƭŜŎǘ ƻƴ ǎƻƳŜ ŜŀǊƭȅ ǿŀǾŜǎ ƻŦ ƛƴƴƻǾŀǘƛƻƴ 

¢ƘŜƴ ǿŜΩƭƭ ȊƻƻƳ-in on the AC electricity revolution 
involving Steinmetz

And on the later VLSI microchip design revolution 
that I participated in

²ŜΩƭƭ ǘƘŜƴ ŜƴǾƛǎƛƻƴƛƴƎ ǘƘŜ ƘǳƎŜ ƛƴŎƻƳƛƴƎ ǿŀǾŜ ƻŦ ƛƴƴƻǾŀǘƛƻƴ 
as ever-smaller, ever-more-empowering microsystems 
become embedded into almost everything.

Note: This slide-show (with links) will be posted online, for later reference.



Link

To set the stage, ƭŜǘΩǎ ǾƛǎǳŀƭƛȊŜ ǎƻƳŜ Ǉŀǎǘ ǿŀǾŜǎ ƻŦ ŘƛǎǊǳǇǘƛǾŜ ƛƴƴƻǾŀǘƛƻƴ Φ Φ Φ 

http://www.bttf.com/movies/backtothefuture1/
http://www.bttf.com/movies/backtothefuture1/


²ŜΩƭƭ begin in the 1400s 
during the Renaissance, 
a time of transformational 
cultural advances . . .

Prague Astronomical Clock, c. 1410:

The mechanization of astronomical 
calculations during the Renaissance:

Photo by Hector Zenil(www.hectorzenil.net)

A stunning confluence of the 
Mathematics, Science, Engineering 
Architecture and Art of the time . . .

http://en.wikipedia.org/wiki/The_Renaissance
http://en.wikipedia.org/wiki/Prague_astronomical_clock
http://www.hectorzenil.net/


¢ƻǿŀǊŘǎ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ мпллΩǎ ŀ 
commingling cluster of advances 
in shipbuilding, navigation and 
map-ƳŀƪƛƴƎ ǊŜŀŎƘŜŘ ŀ Ψtipping 
pointΩΣ ǘǊƛƎƎŜǊƛƴƎ ǘƘŜ ƻƴǎŜǘ ƻŦ 
the Age of Discovery. . .

Portuguese 
Carrack

aŀǊƛƴŜǊΩǎ 
Astrolabe

Gimbal 
Compass

Cantinoplanisphere(1502)

http://en.wikipedia.org/wiki/The_Tipping_Point
http://en.wikipedia.org/wiki/Age_of_Discovery
http://commons.wikimedia.org/wiki/File:Astrolabe_(PSF).png
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Charting the Early Voyages during the Age of Discovery, c.1492-1522 . . . 

Wiki Commons

Thus it begins:

http://commons.wikimedia.org/wiki/File:Z%C3%A1mo%C5%99sk%C3%A9_cesty_Portugalc%C5%AF_a_%C5%A0pan%C4%9Bl%C5%AF.jpg


Exploration rates escalated as 
mass-communication by 
printingalso spread in the late-
1400s, enabling adventurers to 
ever more quickly propagate 
ƴŜǿǎ ƻŦ ǿƘŀǘ ǘƘŜȅΩŘ ŦƻǳƴŘ
ŀƴŘ Ƙƻǿ ǘƘŜȅΩŘ ŦƻǳƴŘ ƛǘ Φ Φ Φ 

Link; Attribution: Aodhdubhat English Wikipedia

Replica Gutenberg Press at the 
Featherbed Alley PrintshopMuseum:

http://en.wikipedia.org/wiki/Printing
http://en.wikipedia.org/wiki/Johannes_Gutenberg#/media/File:Featherbed_Alley_Printshop_Bermuda.jpg
http://en.wikipedia.org/wiki/User:Aodhdubh
http://en.wikipedia.org/wiki/
http://en.wikipedia.org/wiki/Johannes_Gutenberg#/media/File:Featherbed_Alley_Printshop_Bermuda.jpg
http://en.wikipedia.org/wiki/Featherbed_Alley_Printshop


The escalation is evidenced, a generation later, 
in DiogowƛōŜƛǊƻΩǎmuch-more-detailed World Map as of 1527 . . .

Wiki Commons

http://commons.wikimedia.org/wiki/File:Worldmap_1529-Ribero.jpeg
http://en.wikipedia.org/wiki/Diogo_Ribeiro
http://commons.wikimedia.org/wiki/File:Worldmap_1529-Ribero.jpeg


And two generations later, in aŜǊŎŀǘƻǊΩǎ ǇǊƻƧŜŎǘƛƻƴ-map of 1569 . . .

Wiki Commons

http://commons.wikimedia.org/wiki/File:Mercator_1569.png
http://en.wikipedia.org/wiki/Mercator_1569_world_map
http://commons.wikimedia.org/wiki/File:Mercator_1569.png


Source

.ȅ ǘƘŜ ŜŀǊƭȅ мтллΩǎΣ exponentiationhad generated a massive global trading system . . .

http://www.public.iastate.edu/~cfford/342WorldHistoryModern.html
http://www.public.iastate.edu/~cfford/342WorldHistoryModern.html
http://en.wikipedia.org/wiki/Exponentiation


bƻǿΣ ǿƘŀǘΩ ƘŀǇǇŜƴƛƴƎ ƘŜǊŜΚ  
Just exponentiation of THINGS?
Is that all it is?

Or exponentiation of key clusters of innovative 
IDEAS in the minds of ever more people?
IDEAS on how to MAKE and USE things . . .
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By the mid-мтллΩǎΣ ǘƘŜ ǎǘŀƎŜ ǿŀǎ ǎŜǘ ŦƻǊ ŀ ǘǊŜƳŜƴŘƻǳǎ
disruptive wave of technological innovation,

Link

and so began the industrial revolution(~1760-1850) . . .

http://en.wikipedia.org/wiki/The_Structure_of_Scientific_Revolutions
http://www.bttf.com/movies/backtothefuture1/
http://www.bttf.com/movies/backtothefuture1/
http://en.wikipedia.org/wiki/Industrial_Revolution


During the Industrial Revolution the mining of 
coal and iron-ore was greatly amplified by steam-power . . .

Snip from Google Images

Some of the resulting iron was used to make more steam engines,
and the positive feedback generated an iterative expansion-process . . . 

http://en.wikipedia.org/wiki/Recursion
http://en.wikipedia.org/wiki/Iterative_design


Initially, heavy industrial raw materials 
and products were transported using 
the expanding canal system:

Wiki CommonsLoading coal on the LehighCanal Wiki Commons

http://commons.wikimedia.org/wiki/File:Chutes_Loading_the_Canal_Boats_on_the_Lehigh_Canal.jpg
http://en.wikipedia.org/wiki/List_of_canals_in_the_United_States
http://en.wikipedia.org/wiki/List_of_canals_in_the_United_States
http://commons.wikimedia.org/wiki/File:Canals_USA_1825.png
http://en.wikipedia.org/wiki/Lehigh_Canal
http://commons.wikimedia.org/wiki/File:Chutes_Loading_the_Canal_Boats_on_the_Lehigh_Canal.jpg


Bȅ ǘƘŜ муолΩǎΣ ǎǘŜŀƳ-powered railroads began interconnecting mines to 
iron-works and rail-makers, enabling more-rapid expansion of railroads . . .

Snip from Google Images



These charts reveal the rapid early spread of railroading in the US . . .

http:// www.cprr.org/Museum/RR_Development.html#2

http://www.cprr.org/Museum/RR_Development.html#2


The expansion was accelerated by rapid spread of telegraphy in the 1850s, 
the effect analogous to that of printing in the age of discovery . . .

(Snip from Google Images)



http://www.telegraph-history.org/
http:// www.telegraph-history.org/map2.htm

Map of telegraph stations in 
the United States, Canada 
and Nova Scotia, 1853

http://www.telegraph-history.org/map2.htm
http://www.telegraph-history.org/
http://www.telegraph-history.org/map2.htm


Zooming into the map of telegraph stations in 1853 . . . 

http://www.telegraph-history.org/map2.htm

http://www.telegraph-history.org/map2.htm


The much expanded railroad system, as of 1860 . . .

source

http://www.cprr.org/Museum/RR_Development.html#2


All that set the stage for another disruptive wave of innovation,
and the Second Industrial Revolutionbegan in the 1860s/70s . . . 

http://en.wikipedia.org/wiki/Second_Industrial_Revolution
http://www.bttf.com/movies/backtothefuture1/


TheSecondIndustrialRevolution*wascharacterizedby

(1) the build out of railroads

(2) largescaleiron andsteelproduction

(3) widespreaduseof machineryin manufacturing

(4) greatlyincreaseduseof steampower

(5) useof oil

(6) beginningof electricity

(7) electricalcommunications ςWikipedia

[ŜǘΩǎ ŦƛǊǎǘ ȊƻƻƳ-in and follow the progressof the 
άbuild out of the railroadsέ ŦǊƻƳ мусл ς1890 . . . 

http://en.wikipedia.org/wiki/Second_Industrial_Revolution
http://en.wikipedia.org/wiki/Second_Industrial_Revolution
http://www.amazon.com/Symbols-Action-Ethnoarchaeological-Material-Archaeology/dp/0521105080
http://www.cprr.org/Museum/RR_Development.html


1860

source

http://www.cprr.org/Museum/RR_Development.html#2


1870

source

http://www.cprr.org/Museum/RR_Development.html#2


1880

source


