
Known for:  Joule–Thomson effect;  
Thomson effect (thermoelectric); 
Kelvin wave;  Kelvin–Helmholtz instability; 
Absolute Zero; Kelvin's circulation theorem
Stokes' Theorem; Kelvin equation; 
Magnetoresistance;  
Coining the term 'kinetic energy'

At the University of Glasgow he did important 
work in the mathematical analysis of electricity 
and formulation of the first and second laws of 
thermodynamics, and did much to unify the 
emerging discipline of physics in its modern 
form.  He also had a career as an electric 
telegraph engineer and inventor, which propelled 
him into the public eye and ensured his wealth, 
fame and honour. For his work on the 
transatlantic telegraph project he was knighted 
by Queen Victoria, becoming Sir William 
Thomson. He had extensive maritime interests 
and was most noted for his work on the 
mariner's compass, which had previously been 
limited in reliability.
Lord Kelvin is widely known for determining the 
correct value of absolute zero as approximately 
-273.15 Celsius. Sadi Carnot,  used -267 as the 
absolute zero temperature. Absolute 
temperatures are stated in units of kelvin in his 
honour.

Thomson had heart problems and nearly died when 
he was 9 years old. In school, Thomson showed a 
keen interest in the classics along with his natural 
interest in the sciences. In the academic year 
1839/1840, Thomson won the class prize in 
astronomy for his Essay on the figure of the Earth 
which showed an early facility for mathematical 
analysis and creativity. Throughout his life, he would 
work on the problems raised in the essay as a 
coping strategy during times of personal stress. 
While holidaying with his family in Lamlash in 1841, 
he wrote a paper on the uniform motion of heat in 
homogeneous solid bodies, and its connection with 
the mathematical theory of electricity. In the paper 

he made remarkable connections between the mathematical theories of heat conduction and electrostatics, an 
analogy that James Clerk Maxwell was ultimately to describe as one of the most valuable science-forming ideas
In 1845 he gave the first mathematical development of Faraday's idea that electric induction takes place through an 
intervening medium, or "dielectric", and not by some incomprehensible "action at a distance". He also devised a 
hypothesis of electrical images, which became a powerful agent in solving problems of electrostatics, or the science 
which deals with the forces of electricity at rest. It was partly in response to his encouragement that Faraday 
undertook the research in September 1845 that led to the discovery of the Faraday effect, which established that 
light and magnetic (and thus electric) phenomena were related.
By 1847, Thomson had already gained a reputation as a precocious and maverick scientist when he attended the 
British Association for the Advancement of Science annual meeting in Oxford. At that meeting, he heard James Prescott 
Joule making yet another of his, so far, ineffective attempts to discredit the caloric theory of heat and the theory of the 
heat engine built upon it by Sadi Carnot and Émile Clapeyron. Joule argued for the mutual convertibility of heat and 
mechanical work and for their mechanical equivalence.
Thomson was intrigued but sceptical. Though he felt that Joule's results demanded theoretical explanation, he 
retreated into an even deeper commitment to the Carnot–Clapeyron school. He predicted that the melting point of ice 
must fall with pressure, otherwise its expansion on freezing could be exploited in a perpetuum mobile. Experimental 
confirmation in his laboratory did much to bolster his beliefs.
In 1848, he extended the Carnot–Clapeyron theory still further through his dissatisfaction that the gas thermometer 
provided only an operational definition of temperature. He proposed an absolute temperature scale[16] in which a unit 
of heat descending from a body A at the temperature T° of this scale, to a body B at the temperature (T−1)°, would give 
out the same mechanical effect [work], whatever be the number T. Such a scale would be quite independent of the 
physical properties of any specific substance. By employing such a "waterfall", Thomson postulated that a point would 
be reached at which no further heat (caloric) could be transferred, the point of absolute zero about which Guillaume 
Amontons had speculated in 1702. Thomson used data published by Regnault to calibrate his scale against established 
measurements.

Though now eminent in the academic field, Thomson was 
obscure to the general public. In September 1852, he married 
childhood sweetheart Margaret Crum, daughter of Walter 
Crum; but her health broke down on their honeymoon and, 
over the next seventeen years, Thomson was distracted by 
her suffering. On 16 October 1854, George Gabriel Stokes 
wrote to Thomson to try to re-interest him in work by asking 
his opinion on some experiments of Michael Faraday on the 
proposed transatlantic telegraph cable.
Faraday had demonstrated how the construction of a cable 
would limit the rate at which messages could be sent – in 
modern terms, the bandwidth[citation needed]. Thomson 
jumped at the problem and published his response that month.  
He expressed his results in terms of the data rate that could 
be achieved and the economic consequences in terms of the 
potential revenue of the transatlantic undertaking. In a further 
1855 analysis, Thomson stressed the impact that the design of 
the cable would have on its profitability.
Thomson contended that the speed of a signal through a 
given core was inversely proportional to the square of the 
length of the core. Thomson's results were disputed at a 
meeting of the British Association in 1856 by Wildman 
Whitehouse, the electrician of the Atlantic Telegraph 
Company. Whitehouse had possibly misinterpreted the results 
of his own experiments but was doubtless feeling financial 
pressure as plans for the cable were already well underway
Thomson became scientific adviser to a team with Whitehouse as chief electrician and Sir 
Charles Tilston Bright as chief engineer but Whitehouse had his way with the specification, 
supported by Faraday and Samuel F. B. Morse.
Thomson sailed on board the cable-laying ship HMS Agamemnon in August 1857, with 
Whitehouse confined to land owing to illness, but the voyage ended after 380 miles (610 km) 
when the cable parted. Thomson contributed to the effort by publishing in the Engineer the 
whole theory of the stresses involved in the laying of a submarine cable, and showed that 
when the line is running out of the ship, at a constant speed, in a uniform depth of water, it 
sinks in a slant or straight incline from the point where it enters the water to that where it 
touches the bottom.
Thomson developed a complete system for operating a submarine telegraph that was 
capable of sending a character every 3.5 seconds. He patented the key elements of his 
system, the mirror galvanometer and the siphon recorder. It was not until Thomson 
convinced the board that using purer copper for replacing the lost section of cable would 
improve data capacity, that he first made a difference to the execution of the project.
The board insisted that Thomson join the 1858 cable-laying expedition, without any financial 
compensation, and take an active part in the project.

Thomson remained a devout believer in Christianity 
throughout his life; attendance at chapel was part of 
his daily routine.  One of the clearest instances of 
this interaction is in his estimate of the age of the 
Earth. Given his youthful work on the figure of the 
Earth and his interest in heat conduction, it is no 
surprise that he chose to investigate the Earth's 
cooling and to make historical inferences of the 
Earth's age from his calculations. Thomson was a 
creationist in a broad sense, but he was not a 'flood 
geologist'. He contended that the laws of 
thermodynamics operated from the birth of the 
universe and envisaged a dynamic process that saw 
the organisation and evolution of the solar system 
and other structures, followed by a gradual "heat 
death". He developed the view that the Earth had 
once been too hot to support life and contrasted this 
view with that of uniformitarianism, that conditions 

had remained constant since the indefinite past. He contended that "This earth, 
certainly a moderate number of millions of years ago, was a red-hot globe ... ."
After the publication of Charles Darwin's On the Origin of Species in 1859, 
Thomson saw evidence of the relatively short habitable age of the Earth as 
tending to contradict Darwin's gradualist explanation of slow natural selection 
bringing about biological diversity. Thomson's own views favoured a version of 
theistic evolution sped up by divine guidance.  His calculations showed that the 
sun could not have possibly existed long enough to allow the slow incremental 
development by evolution – unless some energy source beyond what he or any 
other Victorian era person knew of was found. He was soon drawn into public 
disagreement with geologists,and with Darwin's supporters.Thomson’s initial 
1864 estimate of the Earth’s age was from 20 to 400 million years old. These 
wide limits were due to his uncertainty about the melting temperature of rock, to 
which he equated the earth’s interior temperature.Over the years he refined his 
arguments and reduced the upper bound by a factor of ten, and in 1897 
Thomson, now Lord Kelvin, ultimately settled on an estimate that the Earth was 

20–40 million years oldRobert 
Oppenheimer
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Known for: Maxwell's equations;    Maxwell distribution;   
Maxwell's demon;  Maxwell's discs;  Maxwell speed distribution
Maxwell's theorem;  Maxwell material;  Generalized Maxwell model
Displacement current;   Maxwell's Wheel

James Clerk Maxwell was a Scottish theoretical physicist.   His most prominent achievement was formulating classical 
electromagnetic theory. This unites all previously unrelated observations, experiments, and equations of electricity, 
magnetism, and optics into a consistent theory. Maxwell's equations demonstrate that electricity, magnetism and light are 
all manifestations of the same phenomenon, namely the electromagnetic field. Subsequently, all other classical laws or 
equations of these disciplines became simplified cases of Maxwell's equations. Maxwell's achievements concerning 
electromagnetism have been called the "second great unification in physics",  after the first one realised by Isaac Newton.
Maxwell demonstrated that electric and magnetic fields travel through space in the form of waves and at the constant speed 
of light. In 1865, Maxwell published A Dynamical Theory of the Electromagnetic Field. It was with this that he first proposed 
that light was in fact undulations in the same medium that is the cause of electric and magnetic phenomena. His work in 
producing a unified model of electromagnetism is one of the greatest advances in physics.
Maxwell also helped develop the Maxwell–Boltzmann distribution, which is a statistical means of describing aspects of the 
kinetic theory of gases. These two discoveries helped usher in the era of modern physics, laying the foundation for such 
fields as special relativity and quantum mechanics. Maxwell is also known for presenting the first durable colour photograph 
in 1861 and for his foundational work on the rigidity of rod-and-joint frameworks (trusses) like those in many bridges.
Many physicists consider Maxwell to be the 19th-century scientist having the greatest influence on 20th-century physics. His 
contributions to the science are considered by many to be of the same magnitude as those of Isaac Newton and Albert 
Einstein. In the millennium poll—a survey of the 100 most prominent physicists—Maxwell was voted the third greatest 
physicist of all time, behind only Newton and Einstein. On the centennial of Maxwell's birthday, Einstein himself described 
Maxwell's work as the "most profound and the most fruitful that physics has experienced since the time of Newton." Einstein 
kept a photograph of Maxwell on his study wall, alongside pictures of Michael Faraday and Newton.

Maxwell developed the 
world's first first color 
photograph

Maxwell’s interests ranged far beyond the Edinburgh Academy 
syllabus, and he did not pay particular attention to examination 
performance.He wrote his first scientific paper at the age of 14. 
In it he described a mechanical means of drawing mathematical 
curves with a piece of twine, and the properties of ellipses, 
Cartesian ovals, and related curves with more than two foci. His 
work, Oval Curves, was presented to the Royal Society of 
Edinburgh by James Forbes, who was a professor of natural 
philosophy at Edinburgh University. Maxwell was deemed too 
young for the work presented.The work was not entirely original, 
since Descartes had also examined the properties of such 
multifocal curves in the seventeenth century, but Maxwell had 
simplified their construction.

Maxwell had studied and commented on the field of electricity and magnetism as early as 1855/6 when "On Faraday's lines 
of force" was read to the Cambridge Philosophical Society. The paper presented a simplified model of Faraday's work, and 
how the two phenomena were related. He reduced all of the current knowledge into a linked set of differential equations with 
20 equations in 20 variables. This work was later published as "On physical lines of force" in March 1861.
Around 1862, while lecturing at King's College, Maxwell calculated that the speed of propagation of an electromagnetic field 
is approximately that of the speed of light. He considered this to be more than just a coincidence, and commented "We can 
scarcely avoid the conclusion that light consists in the transverse undulations of the same medium which is the cause of 
electric and magnetic phenomena."

Working on the problem further, Maxwell showed that the equations predict the existence of waves of oscillating electric and magnetic fields that travel through empty space at a 
speed that could be predicted from simple electrical experiments; using the data available at the time, Maxwell obtained a velocity of 310,740,000 m/s. In his 1864 paper, "A 
dynamical theory of the electromagnetic field", Maxwell wrote, "The agreement of the results seems to show that light and magnetism are affections of the same substance, and that 
light is an electromagnetic disturbance propagated through the field according to electromagnetic laws".
His famous equations, in their modern form of four partial differential equations, first appeared in fully developed form in his textbook, A Treatise on Electricity and Magnetism in 
1873. Most of this work was done by Maxwell at Glenlair during the period between holding his London post and his taking up the Cavendish chair. Maxwell expressed 
electromagnetism in the algebra of quaternions and made the electromagnetic potential the centerpiece of his theory. In 1881, Oliver Heaviside 
replaced Maxwell’s electromagnetic potential field by ‘force fields’ as the centerpiece of electromagnetic theory. Heaviside reduced the complexity 
of Maxwell’s theory down to four differential equations, known now collectively as Maxwell's Laws or Maxwell's equations. According to 
Heaviside, the electromagnetic potential field was arbitrary 
and needed to be "murdered". The use of scalar and 
vector potentials is now standard in the solution of 
Maxwell's equations.
A few years later there was a great debate between 
Heaviside and Peter Guthrie Tait about the relative merits 
of vector analysis and quaternions. The result was the 
realization that there was no need for the greater physical 
insights provided by quaternions if the theory was purely 
local, and vector analysis became commonplace.
Maxwell was proven correct, and his quantitative 
connection between light and electromagnetism is 
considered one of the great accomplishments of 19th century mathematical physics.
Maxwell also introduced the concept of the electromagnetic field in comparison to force 
lines that Faraday discovered. By understanding the propagation of electromagnetism as a 
field emitted by active particles, Maxwell could advance his work on light. At that time, 
Maxwell believed that the propagation of light required a medium for the waves, dubbed the 
luminiferous aether. Over time, the existence of such a medium, permeating all space and 
yet apparently undetectable by mechanical means, proved more and more difficult to 
reconcile with experiments such as the Michelson–Morley experiment. Moreover, it seemed 
to require an absolute frame of reference in which the equations were valid, with the 
distasteful result that the equations changed form for a moving observer. These difficulties 
inspired Albert Einstein to formulate the theory of special relativity, and in the process 
Einstein dispensed with the requirement of a luminiferous aether.

Robert 
Oppenheimer



Maxwell had studied and commented on the field of electricity and magnetism as early as 1855/6 when "On Faraday's lines 
of force" was read to the Cambridge Philosophical Society. The paper presented a simplified model of Faraday's work, and 
how the two phenomena were related. He reduced all of the current knowledge into a linked set of differential equations with 
20 equations in 20 variables. This work was later published as "On physical lines of force" in March 1861.
Around 1862, while lecturing at King's College, Maxwell calculated that the speed of propagation of an electromagnetic field 
is approximately that of the speed of light. He considered this to be more than just a coincidence, and commented "We can 
scarcely avoid the conclusion that light consists in the transverse undulations of the same medium which is the cause of 
electric and magnetic phenomena."

Working on the problem further, Maxwell showed that the equations predict the existence of waves of oscillating electric and magnetic fields that travel through empty space at a 
speed that could be predicted from simple electrical experiments; using the data available at the time, Maxwell obtained a velocity of 310,740,000 m/s. In his 1864 paper, "A 
dynamical theory of the electromagnetic field", Maxwell wrote, "The agreement of the results seems to show that light and magnetism are affections of the same substance, and that 
light is an electromagnetic disturbance propagated through the field according to electromagnetic laws".
His famous equations, in their modern form of four partial differential equations, first appeared in fully developed form in his textbook, A Treatise on Electricity and Magnetism in 
1873. Most of this work was done by Maxwell at Glenlair during the period between holding his London post and his taking up the Cavendish chair. Maxwell expressed 
electromagnetism in the algebra of quaternions and made the electromagnetic potential the centerpiece of his theory. In 1881, Oliver Heaviside 
replaced Maxwell’s electromagnetic potential field by ‘force fields’ as the centerpiece of electromagnetic theory. Heaviside reduced the complexity 
of Maxwell’s theory down to four differential equations, known now collectively as Maxwell's Laws or Maxwell's equations. According to 
Heaviside, the electromagnetic potential field was arbitrary 
and needed to be "murdered". The use of scalar and 
vector potentials is now standard in the solution of 
Maxwell's equations.
A few years later there was a great debate between 
Heaviside and Peter Guthrie Tait about the relative merits 
of vector analysis and quaternions. The result was the 
realization that there was no need for the greater physical 
insights provided by quaternions if the theory was purely 
local, and vector analysis became commonplace.
Maxwell was proven correct, and his quantitative 
connection between light and electromagnetism is 
considered one of the great accomplishments of 19th century mathematical physics.
Maxwell also introduced the concept of the electromagnetic field in comparison to force 
lines that Faraday discovered. By understanding the propagation of electromagnetism as a 
field emitted by active particles, Maxwell could advance his work on light. At that time, 
Maxwell believed that the propagation of light required a medium for the waves, dubbed the 
luminiferous aether. Over time, the existence of such a medium, permeating all space and 
yet apparently undetectable by mechanical means, proved more and more difficult to 
reconcile with experiments such as the Michelson–Morley experiment. Moreover, it seemed 
to require an absolute frame of reference in which the equations were valid, with the 
distasteful result that the equations changed form for a moving observer. These difficulties 
inspired Albert Einstein to formulate the theory of special relativity, and in the process 
Einstein dispensed with the requirement of a luminiferous aether.

Wilhelm Conrad Röntgen was a German 
physicist, who, on 8 November 1895, produced 
and detected electromagnetic radiation in a 
wavelength range today known as X-rays or 
Röntgen rays, an achievement that earned him 
the first Nobel Prize in Physics in 1901. In honor 
of his accomplishments, the International Union 
of Pure and Applied Chemistry (IUPAC) named 
element 111, Roentgenium, a very radioactive 
element with multiple unstable isotopes, after 
him.

In 1874 Röntgen became a lecturer at the University of 
Strassburg. In 1875 he became a professor at the Academy of 
Agriculture at Hohenheim, Württemberg. He returned to 
Strassburg as a professor of physics in 1876, and in 1879, he 
was appointed to the chair of physics at the University of 

Giessen. In 1888, he obtained the physics chair at the University of Würzburg, and in 1900 at the University of 
Munich, by special request of the Bavarian government. Röntgen had family in Iowa in the United States and at one 
time planned to emigrate. Although he accepted an appointment at Columbia University in New York City and had 
actually purchased transatlantic tickets, the outbreak of World War I changed his plans and he remained in Munich 
for the rest of his career. D
uring 1895 Röntgen was investigating the external effects from the various types of vacuum tube equipment — apparatuses from 
Heinrich Hertz, Johann Hittorf, William Crookes, Nikola Tesla and Philipp von Lenard — when an electrical discharge is passed through 
them.In early November, he was repeating an experiment with one of Lenard's tubes in which a thin aluminium window had been added 
to permit the cathode rays to exit the tube but a cardboard covering was added to protect the aluminium from damage by the strong 
electrostatic field that is necessary to produce the cathode rays. He knew the cardboard covering prevented light from escaping, yet 
Röntgen observed that the invisible cathode rays caused a fluorescent effect on a small cardboard screen painted with barium 
platinocyanide when it was placed close to the aluminium window. It occurred to Röntgen that the Hittorf-Crookes tube, which had a 
much thicker glass wall than the Lenard tube, might also cause this fluorescent effect.
In the late afternoon of 8 November 1895, Röntgen determined to test his idea. He carefully constructed a black cardboard covering 
similar to the one he had used on the Lenard tube. He covered the Hittorf-Crookes tube with the cardboard and attached electrodes 
to a Ruhmkorff coil to generate an electrostatic charge. Before setting up the barium platinocyanide screen to test his idea, Röntgen 
darkened the room to test the opacity of his cardboard cover. As he passed the Ruhmkorff coil charge through the tube, he 
determined that the cover was light-tight and turned to prepare the next step of the experiment. It was at this point that Röntgen noticed a 
faint shimmering from a bench a few feet away from the tube. To be sure, he tried several more discharges and saw the same 
shimmering each time. Striking a match, he discovered the shimmering had come from the location of the barium platinocyanide screen 
he had been intending to use next. Röntgen speculated that a new kind of ray might be responsible. 8 
November was a Friday, so he took advantage of the weekend to repeat his experiments and make his first notes. In the following weeks 
he ate and slept in his laboratory as he investigated many properties of the new rays he temporarily termed "X-rays", using the 

mathematical designation for something unknown. Although the 
new rays would eventually come to bear his name in many 
languages as "Röntgen Rays" (and the associated X-ray 
radiograms as "Röntgenograms"), he always preferred the term X-
rays.

Nearly two weeks after his discovery, he took the very first picture using X-rays of his wife Anna Bertha's 
hand. When she saw her skeleton she exclaimed "I have seen my death!"
The idea that Röntgen noticed the shimmering of the barium platinocyanide screen simply through good 
fortune misrepresents his investigative powers; he had planned to use the screen in the next step of his 
experiment and would therefore have made the discovery a few moments later regardless.
At one point while he was investigating the ability of various materials to stop the rays, Röntgen brought a 
small piece of lead into position while a discharge was occurring. Röntgen thus saw the first radiographic 
image, his own flickering ghostly skeleton on the barium platinocyanide screen. He later reported that it 
was at this point that he determined to continue his experiments in secrecy, because he feared for his 
professional reputation if his observations were in error.
Röntgen's original paper, 
"On A New Kind Of 
Rays" (Über eine neue 
Art von Strahlen), was 
published on 28 
December 1895. On 5 
January 1896, an 
Austrian newspaper 
reported Röntgen's 
discovery of a new type 
of radiation. Röntgen was 
awarded an honorary 
Doctor of Medicine 
degree from the 
University of Würzburg 
after his discovery. He 
published a total of three 
papers on X-rays 
between 1895 and 1897. 
Today, Röntgen is 
considered the father of 
diagnostic radiology, the 
medical specialty which 

uses imaging 
to diagnose 



Several scientists, such as William Prout and Norman Lockyer, had s
uggested that atoms were built up from a more fundamental unit, b
ut they envisioned this unit to be the size of the smallest atom, h
ydrogen. Thomson, in 1897, was the first to suggest that the fundamental unit was over 1000 times smaller than 
an atom, suggesting the subatomic particles now known as electrons. Thomson discovered this through his 
explorations on the properties of cathode rays. Thomson made his suggestion on 30 April 1897 following his 
discovery that Lenard rays could travel much further through air than expected for an atom-sized particle. He 
estimated the mass of cathode rays by measuring the heat generated when the rays hit a thermal junction and 
comparing this with the magnetic deflection of the rays. His experiments suggested not only that cathode rays 

were over 1000 times lighter than the hydrogen atom, 
but also that their mass was the same whatever type of atom they came from. He concluded that the rays were 
composed of very light, negatively charged particles which were a universal building block of atoms. He called the 
particles "corpuscles", but later scientists preferred the name electron which had been suggested by George Johnstone 
Stoney in 1894, prior to Thomson's actual discovery.
In April 1897 Thomson had only early indications that the cathode rays could be deflected electrically (previous 
investigators such as Heinrich Hertz had thought they could not be). A month after Thomson's announcement of the 
corpuscle he found that he could deflect the rays reliably by electric fields if he evacuated the discharge tubes to very low 
pressures. By comparing the deflection of a beam of cathode rays by electric and magnetic fields he was then able to get 
more robust measurements of the mass to charge ratio that confirmed his previous estimates. This became the classic 
means of measuring the charge and mass of the electron.
Thomson believed that the corpuscles emerged from the atoms of the trace gas inside his cathode ray tubes. He thus 
concluded that atoms were divisible, and that the corpuscles were their building blocks. To explain the overall neutral 
charge of the atom, he proposed that the corpuscles were distributed in a uniform sea of positive charge; this was the 
"plum pudding" model—the electrons were embedded in the positive charge like plums in a plum pudding (although in 
Thomson's model they were not stationary, but orbiting rapidly).

In 1912, as part of his exploration into the composition of canal rays, Thomson 
and his research assistant F. W. Aston channelled a stream of ionized neon 
through a magnetic and an electric field and measured its deflection by placing a 
photographic plate in its path. They observed two patches of light on the 
photographic plate (see image on right), which suggested two different 
parabolas of deflection, and concluded that neon is composed of atoms of two 
different atomic masses (neon-20 and neon-22), that is to say of two isotopes. 
This was the first evidence for isotopes of a stable element; Frederick Soddy 
had previously proposed the existence of isotopes to explain the decay of 
certain radioactive elements.
JJ Thomson's separation of neon isotopes by their mass was the first example 
of mass spectrometry, which was subsequently improved and developed into a 
general method by F. W. Aston and by A. J. Dempster.

Sir Joseph John "J. J." Thomson was a British physicist and Nobel laureate. 
He is credited with discovering electrons and isotopes, and inventing the 
mass spectrometer. Thomson was awarded the 1906 Nobel Prize in Physics 
for the discovery of the electron and for his work on the conduction of 
electricity in gases. Nationality British
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