
Michael Faraday was an English chemist and physicist (or natural 
philosopher, in the terminology of the time) who contributed to the fields of 
electromagnetism and electrochemistry.

Faraday studied the magnetic field around a conductor carrying a DC 
electric current, and established the basis for the magnetic field concept 
in physics. He discovered electromagnetic induction, diamagnetism, and laws of electrolysis. He established that 
magnetism could affect rays of light and that there was an underlying relationship between the two phenomena. 
His inventions of electromagnetic rotary devices formed the foundation of electric motor technology, and it was 
largely due to his efforts that electricity became viable for use in technology.

As a chemist, Faraday discovered benzene, investigated the clathrate hydrate of chlorine, invented an early form 
of the bunsen burner and the system of oxidation numbers, and popularized terminology such as anode, cathode, 
electrode, and ion.

Although Faraday received little formal education and knew little of higher mathematics, such as calculus, he 
was one of the most influential scientists in history. Some historians of science refer to him as the best 
experimentalist in the history of science. The SI unit of capacitance, the farad, is named after him, as is the 

Faraday constant, the charge on a mole of electrons (about 96,485 coulombs). Faraday's law of induction states that a magnetic field changing in time creates a proportional electromotive force.

Faraday was the first and foremost Fullerian Professor of Chemistry at the Royal Institution of 
Great Britain, a position to which he was appointed for life.

Faraday was highly religious; he was a member of the Sandemanian Church, a Christian sect 
founded in 1730 which demanded total faith and commitment. Biographers have noted that "a 
strong sense of the unity of God and nature pervaded Faraday's life and work."

Faraday in 
his Lab

One of Faraday's 
famous lectures.

Electricity and magnetism
Faraday's greatest work was probably with electricity and magnetism. The first experiment which 
he recorded was the construction of a voltaic pile with seven halfpence pieces, stacked together 
with seven disks of sheet zinc, and six pieces of paper moistened with salt water. With this pile 
he decomposed sulphate of magnesia

1921: Faraday 
develops the world's 
first electric motor.

In 1821, soon after the Danish physicist and chemist, Hans Christian Ørsted discovered the 
phenomenon of electromagnetism, Davy and British scientist William Hyde Wollaston tried but 
failed to design an electric motor.Faraday, having discussed the problem with the two men, went on 
to build two devices to produce what he called electromagnetic rotation: a continuous circular 
motion from the circular magnetic force around a wire and a wire extending into a pool of mercury 
with a magnet placed inside would rotate around the magnet if supplied with current from a chemical 
battery. The latter device is known as a homopolar motor. These experiments and inventions form 
the foundation of modern electromagnetic technology. Faraday published his results without 
acknowledging his debt to Wollaston and Davy, and the resulting controversy caused Faraday to 
withdraw from electromagnetic research for several years.[citation needed]

At this stage, there is also evidence[citation needed] to suggest that Davy may have been trying to slow Faraday's rise as a scientist (or natural philosopher as it was known then). In 1825, for 
instance, Davy set him onto optical glass experiments, which progressed for six years with no great results. It was not until Davy's death, in 1829, that Faraday stopped these fruitless tasks and 
moved on to endeavors that were more worthwhile. Two years later, in 1831, he began his great series of experiments in which he discovered electromagnetic induction. Joseph Henry likely 
discovered self-induction a few months earlier and both may have been anticipated by the work of Francesco Zantedeschi in Italy in 1829 and 1830.

Faraday's breakthrough came when he wrapped two insulated coils of wire around an iron ring, and found that upon passing a current through one coil, a 
momentary current was induced in the other coil.[3] This phenomenon is known as mutual induction. The iron ring-coil apparatus is still on display at the Royal 
Institution. In subsequent experiments he found that if he moved a magnet through a loop of wire, an electric current flowed in the wire. The current also flowed if 

the loop was moved over a stationary magnet. His 
demonstrations established that a changing magnetic field 
produces an electric field. This relation was mathematically 
modelled by Faraday's law, which subsequently became 
one of the four Maxwell equations. These in turn have 
evolved into the generalisation known today as field theory.

Born  22 September 1791   Newington Butts, Surrey, England
Died   25 August 1867 (aged 75)   Hampton Court, Surrey, England
Residence:  England
Fields  Physics and Chemistry
Known for  Faraday's law of induction,  Electrochemistry, Faraday effect,  
Faraday cage,  Faraday constant,  Faraday cup
Faraday's laws of electrolysis,  Faraday paradox,  Faraday rotator
Faraday-efficiency effect, Faraday wave, Faraday wheel, Lines of force

Influenced by:  Humphry Davy , William Thomas Brande
Notable awards  Royal Medal (1835 & 1846)
Religious stance  Sandemanian
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One of Faraday's 
famous lectures.

The historical context in which Carnot worked was that the scientific study of the steam engine hardly existed, but the engine 
was actually pretty far along in its development. It had attained a widely recognized economic and industrial importance. 
Newcomen had invented the first piston operated steam engine over a century before, in 1712. About 50 years after that, Watt 
made his celebrated improvements to greatly increase the efficiency and practicality of the engine. Compound engines, with 
more than one stage of expansion, had already been invented. There was even a crude form of an internal combustion engine, 
which Carnot was familiar with, and described in some detail in his book. (Carnot 1960, p. 56) Amazing progress on the practical 
side had been made, so at least some intuitive understanding of the engine's workings existed. The scientific basis of its 
operation, however, was almost nonexistent even after all this time. In 1824, the principle of conservation of energy was still 
immature and controversial, and an exact formulation of the first law of thermodynamics was yet over a decade away. The 
mechanical equivalent of heat was still two decades away. The prevalent theory of heat was the caloric theory which supposed 
that heat was a sort of weightless, invisible fluid that flowed when out of equilibrium.

Engineers of Carnot's time had tried various mechanical means, such as high pressure steam, or use of some fluid other than 
steam, to improve the efficiency of engines. The efficiency, the work generated from a given quantity of fuel, such as from 
burning a lump of coal, in these early stages of engine development was mere 3%.

The Carnot cycle
Carnot proposed to answer two questions about the operation of heat engines: "Is the potential work 
available from a heat source potentially unbounded?" and "Can heat engines be in principle improved 
by replacing the steam by some other working fluid or gas?" He attempted to answer these in a 
memoir, published as a popular work in 1824 when he was only 28 years old. It was entitled 
Réflexions sur la puissance motrice du feu ("Reflections on the Motive Power of Fire"). The book was 
plainly intended to cover a rather wide range of topics about heat engines in a rather popular fashion. 
The equations were kept to a minimum and hardly called for anything beyond simple algebra and 
arithmetic, except occasionally in the footnotes, where he indulged in a few arguments involving a 
little calculus. He discussed the relative merits of air and steam as the working fluid, the merits of 
various points of steam engine design, and even threw out some ideas of his own on possible 
practical improvements. But, the most important part of the book was devoted to a quite abstract 
presentation of an idealized engine that could be used to understand and clarify the fundamental 
principles that are of general applicability to all heat engines, independent of the particular design 
choices that might be made.

Perhaps the most important contribution Carnot made to thermodynamics was the process of 
abstraction of the essential features of the steam engine as it was known in his day into a more 
general, idealized heat engine. This resulted in a model thermodynamic system upon which exact 
calculations could be made, and avoided the complications introduced by many of the crude features 
in the contemporary versions of the steam engine. By idealizing the engine, he could give clear 
answers to his original two questions that were impossible to dispute.

He showed that the efficiency of this idealized engine is a function only of the two temperatures of the reservoirs between which it functions. He did not, however, give the exact form of the 
function, which was later derived to be (T1

−T2
)⁄T1, where T1 is the absolute temperature of the hotter reservoir. (Note: This equation probably came from Kelvin.) No thermal engine operating any 

other cycle can be more efficient, given the same operating temperatures.

He saw very clearly, intuitively, that he could give very definite answers to the two questions set before the reader. The Carnot cycle is the most efficient possible engine, not only because of 
the (trivial) absence of friction and other incidental wasteful processes; the main reason is that there is supposed to be no conduction of heat between parts of the engine at different 
temperatures. He knew that the mere conduction of heat between bodies at different temperatures is a wasteful, irreversible process and must be eliminated if the heat engine is to have the 
maximum efficiency.

Regarding the second point, he also was quite certain that the maximum efficiency attainable did not depend upon the exact nature of the working fluid. He stated this for emphasis as a 
general proposition: "The motive power of heat is independent of the agents employed to realize it; its quantity is fixed solely by the temperatures of the bodies between which is effected, 
finally, the transfer of caloric." By "motive power of heat," we would today use the term "efficiency of a reversible heat engine," and by "transfer of caloric," we would mean the reversible 
transfer of heat." He knew intuitively that his engine would have the maximum efficiency, but was unable to state what that efficiency would be.

Towards the second law
In his ideal model, the heat of caloric converted into work could be reinstated by reversing the 
motion of the cycle, a concept subsequently known as thermodynamic reversibility. Carnot 
however further postulated that some caloric is lost, not being converted to mechanical work. 
Hence no real heat engine could realise the Carnot cycle's reversibility and was condemned to be 
less efficient.

Though formulated in terms of caloric, rather than entropy, this was an early insight into the 
second law of thermodynamics.

Death
Carnot died in a cholera epidemic when he was only 36 in 1832. (Asimov 1982, p. 332) Because of the concern of cholera, many 
of his belongings and writings were buried together with him after his death. Thus only a handful of his scientific writings 
survived besides his book.

James 
Prescott 
Joule 
1818-1889
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Fields  Physics
Known for  First Law of Thermodynamics
Influences   John Dalton    John Davies

James Prescott Joule was an English physicist and brewer, born in 
Salford, Lancashire. Joule studied the nature of heat, and discovered 
its relationship to mechanical work (see energy). This led to the theory 
of conservation of energy, which led to the development of the first law 
of thermodynamics. The SI derived unit of energy, the joule, is named 
after him. He worked with Lord Kelvin to develop the absolute scale of 
temperature, made observations on magnetostriction, and found the 
relationship between the current through a resistance and the heat 
dissipated, now called Joule's 

The son of Benjamin Joule (1784–1858), who was a 
wealthy brewer, Joule was tutored at home in Salford until 
1834 when he was sent, with his elder brother Benjamin, to 
study with John Dalton at the Manchester Literary and 
Philosophical Society. The pair only received two years' 
education in arithmetic and geometry before Dalton was 
forced to retire owing to a stroke. However, Dalton's 
influence made a lasting impression as did that of his 
associates, chemist William Henry and Manchester 
engineers Peter Ewart and Eaton Hodgkinson. Joule was 
subsequently tutored by John Davies. Joule was fascinated 
by electricity. He and his brother experimented by giving 

electric shocks to each other and to the family's servants.
Joule became a manager of the brewery and took an active role until the sale of the business in 1854. Science was a hobby but he 
soon started to investigate the feasibility of replacing the brewery's steam engines with the newly-invented electric motor. In 1838, 
his first scientific papers on electricity were contributed to Annals of Electricity, the scientific journal founded and operated by 
Davies's colleague William Sturgeon. He discovered Joule's laws in 1840 and hoped to impress the Royal Society but found, not for 
the last time, that he was perceived as a mere provincial dilettante. When Sturgeon moved to Manchester in 1840, Joule and he 
became the nucleus of a circle of the city's intellectuals. The pair shared similar sympathies that science and theology could and 
should be integrated. Joule went on to lecture at Sturgeon's Royal Victoria Gallery of Practical Science.
He went on to realize that burning a pound of coal in a steam engine produced five times as much duty as a pound of zinc consumed in a Grove cell,an early electric battery Joule's 
common standard of "economical duty" was the ability to raise one pound, a height of one foot, the foot-pound.
Joule was influenced by the thinking of Franz Aepinus and tried to explain the phenomena of electricity and magnetism in terms of atoms surrounded by a "calorific ether in a state of 
vibration" However, Joule's interest diverted from the narrow financial question to that of how much work could be extracted from a given source, leading him to speculate about the 
convertibility of energy. In 1843 he published results of experiments showing that the heating effect he had quantified in 1841 was due to generation of heat in the conductor and not 
its transfer from another part of the equipment. This was a direct challenge to the caloric theory which held that heat could neither be created or destroyed. Caloric theory had 
dominated thinking in the science of heat since it was introduced by Antoine Lavoisier in 1783. Lavoisier's prestige and the practical success of Sadi Carnot's caloric theory of the 
heat engine since 1824 ensured that the young Joule, working outside either academia or the engineering profession, had a difficult road ahead. Supporters of the caloric theory 

James 
Prescott 
Joule 
1818-1889

The mechanical equivalent of heat
Joule wrote in his 1845 paper:
... the mechanical power exerted in turning a magneto-electric machine is converted into the heat evolved by the passage of the currents of induction through its coils; and, on the 
other hand, that the motive power of the electro-magnetic engine is obtained at the expense of the heat due to the chemical reactions of the battery by which it is worked.

Joule here adopts the language of vis viva (energy), possibly because Hodgkinson had read a review of Ewart's On the measure of moving force to the Literary and Philosophical 
Society in April 1844.
Further experiments and measurements by Joule led him to estimate the mechanical equivalent of heat as 838 ft·lbf of work to raise the temperature of a pound of water by one 
degree Fahrenheit. He announced his results at a meeting of the chemical section of the British Association for the Advancement of Science in Cork in 1843 and was met by 
silence.
Joule was undaunted and started to seek a purely mechanical demonstration of the conversion of work into heat. By forcing water through a perforated cylinder, he was able to 
measure the slight viscous heating of the fluid. He obtained a mechanical equivalent of 770 ft·lbf/Btu (4.14 J/cal). The fact that the values obtained both by electrical and purely 

mechanical means were in agreement to at least one order of magnitude was, to Joule, compelling evidence of the reality of the 
convertibility of work into heat.
Joule now tried a third route. He measured the heat generated against the work done in compressing a gas. He obtained a 
mechanical equivalent of 823 ft·lbf/Btu (4.43 J/cal). In many ways, this experiment offered the easiest target for Joule's critics but 
Joule disposed of the anticipated objections by clever experimentation. However, his paper was rejected by the Royal Society and 
he had to be content with publishing in the Philosophical Magazine. In the paper he 
was forthright in his rejection of the caloric reasoning of Carnot and Émile 
Clapeyron, but his theological motivations also became evident:
I conceive that this theory ... is opposed to the recognized principles of philosophy 
because it leads to the conclusion that vis viva may be destroyed by an improper 
disposition of the apparatus: Thus Mr Clapeyron draws the inference that 'the 
temperature of the fire being 1000°C to 2000°C higher than that of the boiler there 
is an enormous loss of vis viva in the passage of the heat from the furnace to the 
boiler.' Believing that the power to destroy belongs to the Creator alone I affirm ... 
that any theory which, when carried out, demands the annihilation of force, is 
necessarily erroneous.
In 1845, Joule read his paper On the mechanical equivalent of heat to the British 
Association meeting in Cambridge. In this work, he reported his best-known 
experiment, involving the use of a falling weight to spin a paddle-wheel in an 
insulated barrel of water, whose increased temperature he measured. He now 
estimated a mechanical equivalent of 819 ft·lbf/Btu (4.41 J/cal).
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Joule here adopts the language of vis viva (energy), possibly because Hodgkinson had read a review of Ewart's On the measure of moving force to the Literary and Philosophical 
Society in April 1844.
Further experiments and measurements by Joule led him to estimate the mechanical equivalent of heat as 838 ft·lbf of work to raise the temperature of a pound of water by one 
degree Fahrenheit. He announced his results at a meeting of the chemical section of the British Association for the Advancement of Science in Cork in 1843 and was met by 
silence.
Joule was undaunted and started to seek a purely mechanical demonstration of the conversion of work into heat. By forcing water through a perforated cylinder, he was able to 
measure the slight viscous heating of the fluid. He obtained a mechanical equivalent of 770 ft·lbf/Btu (4.14 J/cal). The fact that the values obtained both by electrical and purely 

mechanical means were in agreement to at least one order of magnitude was, to Joule, compelling evidence of the reality of the 
convertibility of work into heat.
Joule now tried a third route. He measured the heat generated against the work done in compressing a gas. He obtained a 
mechanical equivalent of 823 ft·lbf/Btu (4.43 J/cal). In many ways, this experiment offered the easiest target for Joule's critics but 
Joule disposed of the anticipated objections by clever experimentation. However, his paper was rejected by the Royal Society and 
he had to be content with publishing in the Philosophical Magazine. In the paper he 
was forthright in his rejection of the caloric reasoning of Carnot and Émile 
Clapeyron, but his theological motivations also became evident:
I conceive that this theory ... is opposed to the recognized principles of philosophy 
because it leads to the conclusion that vis viva may be destroyed by an improper 
disposition of the apparatus: Thus Mr Clapeyron draws the inference that 'the 
temperature of the fire being 1000°C to 2000°C higher than that of the boiler there 
is an enormous loss of vis viva in the passage of the heat from the furnace to the 
boiler.' Believing that the power to destroy belongs to the Creator alone I affirm ... 
that any theory which, when carried out, demands the annihilation of force, is 
necessarily erroneous.
In 1845, Joule read his paper On the mechanical equivalent of heat to the British 
Association meeting in Cambridge. In this work, he reported his best-known 
experiment, involving the use of a falling weight to spin a paddle-wheel in an 
insulated barrel of water, whose increased temperature he measured. He now 
estimated a mechanical equivalent of 819 ft·lbf/Btu (4.41 J/cal).

Nationality:   German     Fields:   Physicist     Known for Thermodynamics

Rudolf Clausius was a German physicist and mathematician and is considered one of the central 
founders of the science of thermodynamics. By his restatement of Sadi Carnot's principle known as 
the Carnot cycle, he put the theory of heat on a truer and sounder basis. His most important paper, 
On the mechanical theory of heat, published in 1850, first stated the basic ideas of the second law of 
thermodynamics. In 1865 he introduced the concept of entropy.

Clausius was born in Köslin (now Koszalin) in the Province of Pomerania. He 
started his education at the school of his father. After a few years, he went to 
the Gymnasium in Stettin (now Szczecin). Clausius graduated from the 
University of Berlin in 1844 where he studied Mathematics and Physics with, 
among others, Heinrich Magnus, Johann Dirichlet and Jakob Steiner. He also 
studied History with Leopold von Ranke. In 1847, he got his doctorate from the 
University of Halle on optical effects in the earth's atmosphere. He then 

became professor of physics at the Royal Artillery and Engineering School in Berlin and Privatdozent at the Berlin University. In 1855 he 
became professor at the ETH Zürich, the Swiss Federal Institute of Technology in Zürich, where he stayed until 1867. In that year, he moved to Würzburg and two years later, in 1869 to Bonn.

In 1870 Clausius organized an ambulance corps in the Franco-Prussian War. He was wounded in battle, leaving him with a lasting disability. He was awarded the Iron Cross for his services.

His wife, Adelheid Rimpham, died in childbirth in 1875, leaving him to raise their six 
children. He continued to teach, but had less time for research thereafter. Clausius died in 
Bonn.

Work
Clausius' PhD thesis on the refraction of light proposed that we see a blue sky during the day, and various shades of red at sunrise and sunset (among other phenomena) due to reflection and 
refraction of light. Later, Lord Rayleigh would show that it was in fact due to the scattering of light, but regardless, Clausius used a far more mathematical approach than his predecessors.

His most famous paper, "Über die bewegende Kraft der Wärme" ("On the Moving Force of Heat and the Laws of Heat which may be Deduced Therefrom") was published in 1850, and dealt with 
the mechanical theory of heat. In this paper, he showed that there was a contradiction between Carnot's principle and the concept of conservation of energy. Clausius restated the two laws of 
thermodynamics to overcome this contradiction (the third law was developed by Walther Nernst, during the years 1906–1912). This paper caused his scientific career to take off.

In 1857, Clausius contributed to the field of kinetic theory after refining August Krönig's very simple gas-kinetic model to include translational, rotational and vibrational molecular motions. In this 
same work he introduced the concept of 'Mean free path' of a particle. 

Clausius deduced the Clausius-Clapeyron relation from thermodynamics. This relation, which is a way of characterizing the phase transition between two states of matter such as solid and liquid, 
had originally been developed in 1834 by Émile Clapeyron.

Entropy
Main article: history of entropy
In 1865, Clausius first gave a mathematical version of the concept of entropy, and gave it its name. He used the now abandoned unit 'Clausius' (symbol: Cl) for entropy. Clausius chose the word 
"entropy" because the meaning, from Greek, en+tropein, is "content transformative" or "transformation content" ("Verwandlungsinhalt"). 

1 Cl = 1 cal/°C = 4.1868 joules per kelvin (J/K)
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