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Ancient Times
•
•
•
•
•

Amber rubbed with fur or wool attracts bits of dust and hairs
Spikes on cold and dry days
Lightening
Electric fishes
Lodestone
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William Gilbert (England, 1540-1603)
• English scientist and physician to
Queen Elizabeth
• Coined the word “electricity” from the
Greek word elektron meaning amber
• In 1600, published "De Magnete,
Magneticisque Corporibus, et de
Magno Magnete Tellure" ("On the
Magnet, Magnetic Bodies, and the
Great Magnet of the Earth")
• Showed that frictional (static)
electricity occurs in many common
materials
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Stephen Gray (England, 1666-1736)
• Discovered the “passage of electricity” through metals
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Many Scientists (1700s)
• Lectures and demonstrations given by various scientists using
electricity and entertain audiences
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Pieter van Musschenbroek (Holland, 1692-1761)
• Dutch physicist from Leyden, Netherlands, who discovered
capacitance and invented the Leyden jar (also called condenser)
• 700 pF, 175 KV: Q = C x V = 700 x 10-12 x 175 x 103 = 1.225 x 10-4 [C]

• No. of electrons = 1.225 x 10-4 [C] / 1.6 x 10-19 [C/electron] = 7.66 x 1014 [electrons]

https://www.youtube.com/watch?v=ziH_Nnd17PE

https://www.youtube.com/watch?v=4k-z5O3Xk4A
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Du Fay, Watson and Franklin
• In 1733, Du Fay discovered two kinds of electricity: vitreous and resinous (for
instance, sulfur is vitreous and amber is resinous)
• We say nowadays positive and negative electricity, terms coined independently by
Watson (1746) and Franklin
• Independently, Franklin (1747) and Watson (1746) stated the principle of
conservation of the quantity of electrical charge
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Benjamin Franklin (United States, 1706-1790)
• Conducted many experiments on static electricity from 1746 – 1751
(including his lightning experiment) and became famous throughout
Europe by describing these experiments in a series of letters to Peter
Collinson
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Luigi Galvani (Italy, 1737-1798)
• In 1780, discovered the possibility to generate chemically electric currents
• The metals used to mount and dissect the legs of frogs induced electric currents in
their nerves

• Gave rise to an interest in electricity created by the contacts between different
materials
Copper

Zinc
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Alessandro Volta (Italy, 1745-1827)
• Interpreted Galvani’s experiment with decapitated frogs as
involving the generation of current flowing through the
moist flesh of the frog’s leg between two dissimilar metals

• Argued with Galvani that the frog was unnecessary
• In 1799, he developed the first battery (voltaic pile) that
generated current from the chemical reaction of zinc and
copper discs separated from each other with cardboard
discs soaked in a salt solution
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Charles Coulomb (France, 1736-1806)
• Using a torsion balance, Coulomb in 1784 experimentally determined
the law according to which charged bodies attract or repel each other
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Hans Christian Oersted (Denmark, 1777-1851)
• In 1820, he showed that a current produces
a magnetic field
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Andre-Marie Ampere (France, 1775-1836)
• French mathematics professor, who only a week after learning of Oersted’s
discoveries in Sept. 1820, demonstrated that parallel wires carrying currents attract
and repel each other
attract

repel
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George Simon Ohm (Germany, 1789-1854)
• In 1827, Ohm published the book “Die galvanische Kette, mathematisch bearbeitet”
(The Galvanic Circuit Investigated Mathematically) where his law is formulated
• Ohm’s law connected the theory of currents with the older theory of electrostatic
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Michael Faraday (England, 1791-1867)
• Self-taught English chemist and physicist discovered electromagnetic induction in
1831 by which a changing magnetic field induces an electric field
• “Distinct conversion of magnetism into electricity” (Faraday)

• “This state does not manifest itself by any known phenomena as long as it is
undisturbed, but any change in this state is indicated by a current or tendency
towards a current” (Maxwell)
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Heinrich Friedrich Emil Lenz (Baltic German, 1804-1865)
• In 1834, formulated his law which can be enunciated as it follows:
“when a conducting circuit is moved in a magnetic field, the induced current flows in
such a direction that the ponderomotive forces on it tend to oppose the motion”
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Franz Neumann (Germany, 1798-1895)
• In 1845, Neumann deduced the law of induction of currents from Lenz’s law by using
the Ampère’s electrodynamics
• The electromotive force induced in g by i’ is proportional to the time-rate of
variation of the potential of the ponderomotive force acting on g due to i’ and when
it is traversed by a unit current, i = 1, (SI Units)

• Introduced the vector potential
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Karl Friederich Gauss

(Germany, 1777-1855)

• In 1835, Gauss suggested that electromagnetic theory should be derived from a
single equation for the force between moving charges, which should be function of
the relative velocity of the charges besides the distance between them

• In a letter to Weber (on March 19, 1845), Gauss remarked that this force should also
include retardation: “electric action” should propagate between the charges with a
finite velocity”

19

Wilhelm Eduard Weber (Germany, 1804-1891)
• In 1846, Weber proposed a theory that unified Coulomb’s law, Ampère’s
electrodynamics and electromagnetic induction
• Expressed the force exerted, in vacuum, between the point charges Q1 and Q2 in
the modern vector notations and SI units
• Weber was the first to propose a comprehensive explanation of both
electrodynamics and electromagnetic induction in the classic framework of a “direct
action at a distance” between charges and currents
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Poisson and Riemann
• Simeon-Denis Poisson (France, 1781-1840)
• Proposed the Poisson equation

• Georg Friedrich Bernhard Riemann (Germany, 1826-1866)
• Gauss’s pupil
• In 1853, proposed to replace the Poisson’s equation for the
electrostatic potential

by the equation

to provide the concept of retarded scalar potential
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Kelvin and Kirchhoff
• William Thomson (Lord Kelvin) (England, 1824-1907)
• In 1855, Kelvin investigated the transients in long cables
assuming that the magnetic effects were negligible
• The work of Kelvin was followed by a celebrated paper of
Kirchhoff

• Gustav Robert Kirchhoff (Germany, 1824-1887)
• In 1857, Kirchhoff published “On the Motion of Electricity in
Wires”
• By using Weber’s electrodynamics and the charge
conservation law, Kirchhoff foresaw before Maxwell that an
electric wave propagates along a conducting wire with the
velocity of light in vacuum
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James Clerk Maxwell (Scotland, 1831-1879)
• Born in Edinburgh, Scotland; taught at King’s College in London (1860-1865) and was
the first Cavendish Professor of Physics at Cambridge (1871-1879)
• Provided a mathematical description of Faraday’s lines of force

• Developed “Maxwell’s Equations” which describe the interaction of electric and
magnetic fields
• Predicted that light was a form of electromagnetic waves
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James Clerk Maxwell (Scotland, 1831-1879)
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James Clerk Maxwell (Scotland, 1831-1879)
 B  0

B = magnetic flux density
(magnetic induction)

B  H

  magnetic permeability
Magnetic field lines
must be closed loops

Force on moving charge q
Lorentz force
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James Clerk Maxwell (Scotland, 1831-1879)
B
E  
t

Corresponds to Faraday’s law of
electromagnetic induction

A changing magnetic flux B density induces a curl of E
The rate of change of magnetic flux through an area A
induces an electromotive force (voltage) equal to the line
integral of E around the area A.
Motors and generators are based on this principle.
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James Clerk Maxwell (Scotland, 1831-1879)
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James Clerk Maxwell (Scotland, 1831-1879)
In free space (J = 0)
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(the speed of light!)

James Clerk Maxwell (Scotland, 1831-1879)
• By the time that Maxwell died in 1879 at the age of 48, most scientists were not
convinced of his prediction of electromagnetic waves. They had never been
observed. No one knew how to generate them or to detect them.

• They would be discovered by Heinrich Hertz in 1887 and this would eventually lead
to radio, television, and cell phones….
• Richard P. Feynman, The Feynman Lectures on Physics, Vol. II, page 1-11
“From a long view of the history of mankind - seen from, say, ten thousand years
from now - there can be little doubt that the most significant event of the 19th
century will be judged as Maxwell's discovery of the laws of electrodynamics. The
American Civil War will pale into provincial insignificance in comparison with this
important scientific event of the same decade”.

29

Heinrich Rudolf Hertz (Germany, 1857-1894)
• Generated and detected electromagnetic waves in 1887
• In 1888, Hertz confirmed experimentally the existence of electromagnetic waves,
other than light (at radiofrequency) and so validated the Maxwell’s equations

Receiver

Spark Gap
Transmitter
Metallic Plane
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Hendrik Antoon Lorentz (Holland, 1853-1928)
• In 1895, Lorentz introduced his force law
• Maxwell’s equations do not furnish the force exerted on the charges and currents,
they only give the electromagnetic field generated by them

• Lorentz’s force combined to Newton’s equation tell us how the charges react in
presence of an electromagnetic field
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Sir Joseph John Thomson (England, 1856-1940)
• In 1897. Thomson discovered the electron
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Albert Einstein (Germany, 1879-1955)
• Einstein dreamed to come up with a unified description
“Is there an underlying simplicity behind vast phenomena in Nature?”
• The epochal paper of Einstein on the theory of special relativity (1905) caused the
definitive abandonment of the aether theory
• The theory of special relativity showed that Maxwell's equations do not require an
aether
• In the meantime, the atomic theory of matter has been developed and the quantum
revolution has started
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Inventors in 1980s and 1990s
• Samuel F. B. Morse (United States, 1791-1872) : telegraph
• Guglielmo Marconi (Italy, 1874-1937) : wireless telegraph
• Marconi spark transmitter was built at the Hall Street Chelmsford Factory, September, 1897

• Thomas Edison (United States, 1847-1931) : electric lights, …..
• Invented and developed complete DC electric generation and distribution system for city lighting systems
• Carried on a major competition with George Westinghouse who developed an AC generation and distribution
system

• Nikola Tesla (Croatia, 1856-1943) : A.C. generators, motors
• Over 700 patents (rotating magnetic field principle, polyphase alternating-current system, induction motor, AC
power transmission, telephone repeater, tesla coil transformer, radio, fluorescent lights)

• John Bardeen (United States, 1908-1991) and Walter Brattain (United States, 1902-1987) :
transistor in 1947

• Jack Kilby (United States, 1923-2005) and Robert Noyce (United States, 1927-1990) :
integrated circuit in 1958 from Texas Instrument
Jack
Kilby
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Robert
Texas Instrument Noyce

Fairchild
Intel

Moore’s Law

https://www.reddit.com/r/singularity/comments/2xu2sx/moores_law_2015_mouse_brain_has_been_reached
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