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EINSTEIN, MOLECULE AND MEDICINE

Physics is the mother of all technologies. Albert Einstein
(1879-1955) is hailed to be the theoretical father of “LASER” (Light Ampli-
fication by Stimulated Emission of Radiation) - a direct product of his Nobel
Prize-winning (1921) work in 1905 on photoelectricity. It is his superb
contribution to medicine. Incidentally, the name of Satyendra Nath Bose
(1894-1974), Father of ‘Boson’, is also conceptually associated with the
evolution of LASER. Bose-Einstein Condensate (BEC) occurs in the,
action of LASER; large numbers of particles participate collectively in a
single quantum state. There is a wave function. All participating particles -
the entire collection of particles,behave like a single particle.There is large
scale quantum coherence presenting many of the strange features of quan-
tum wave functions at a macroscopic level. That measurement of molecule
can be done was also conceptualized in Einstein’s work (“A Determination
of Molecular Dimension”) in 1905 - it laid the scientific basis of Molecular
Biology and Molecular Medicine of today. Even basic principles of
Quantum Mechanics is applied now to explain the dynamics of human
consciousness, feeling and other functions of the brain.

Albert Einstein - “Chief Engineer of the Universe” is omni-present
in the corridors of modern science - not only Laser but also computers, iPods,
mobile phones, all came about because of Einstein’s work on the photoelec-
tric effect; satellite navigation system is only possible because of
relativity.

Albert Einstein (1879-1955) was a versatile man - a genius par excel-
lence. First half of the twentieth century is rightly termed as the “Age of Einstein”,
and he has been declared “Person of the Century” by 7ime Magazine. In the
Centenary Year (1905 - 2005) of his Special Theory of Relativity (also “World
Year of Physics™ as declared by the United Nations) we need to explore the
diversity of his genius. Hence, this small attempt. It is all history now. It is an
eternal source of inspiration for today and for all generations to come.
Because history is a dialogue between the past and the present. Though it is
also true that history is not always what happened at a particular time, but is
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what is written by individuals at a different time about what happened. Einstein
probably never imagined that his Nobel Prize (1921) - winning work on photo-
electricity in 1905 (ANNEX - I: PAPER - I) would lay the theoretical foundation of
modern LASER (Light Amplification by Stimulated Emission of Radiation),
nor did he guess that his doctoral dissertation in the University of Zurich in the
same year (ANNEX - I: PAPER II) would signal the conceptual basis of Molecular
Biology of today. This is not new in the history of science. History often repeats
itself. The Austrian monk - Gregor Mendel(1822 - 1884), Father of Genetics,
never knew or thought about the implications of his experiments with hybrid-
ization of garden peas in his chapel’s small garden. His seminal work discov-
ered in 1900, 16 years after his death in 1884, laid the mathematical foundation
of modern genetics.All great men sometimes face similar predicaments. It may
also be that history can be how people today interpret what people have discov-
ered in the past.

However, it is fair to say that the Miraculous Year - 1905 (4nnus
Mirabilis) of Einstein at the age of 26 also brought miracles in today’s modern
medicine and molecular biology. This is only comparable to Annus Mirabilis -
1666 of Isaac Newton (1642-1727) when only at the age of 24, this posthu-
mous child, born on Christmas Day in 1642, laid the foundations of classical
science with his version of the differential and integral calculus, his theory of
colours (optics), his theory of universal gravitation and with his formulation of*
the basic laws of mechanics (ANNEX - II).

We all know that the five epoch-making papers (ANNEX - I) of Einstein,
“the Copernicus of the 20th Century”, changed the face of physics. It needs to
be mentioned in this connection that the discovery of the Polish clergyman -
Nicolaus Copernicus (1473 - 1543) that the earth moves around the sun (helio-
centric: Greek - ‘helios’ = sun) fundamentally changed our perception of the
universe and our place on it. The Year “1543” is the “Annus Mirabilis” in the
annals of Natural Sciences and Medical Sciences when De Revolutionibus
Orbrium Coelestium (On the Revolution of Heavenly Bodies) of Nicolaus
Copernicus and De Humani Corporis Fabrica Libri Septem (The Seven Books
on the Structure of the Human Body) of the Paduan anatomist, Andreas Vesalius
(1514 - 1564) were published. The years ‘1543', ‘1666’ and ‘1905' were all
auspicious in the annals of our civilization.
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But the Miraculous Year of Einstein could neither tell at the time nor
predict what the legendary genius kept hidden in his intellectual locker for
posterity, particularly for medicine.

LASER AND EINSTEIN

The name LASER is an acronym of ‘Light Amplification by Stimulated
Emisston of Radiation’. It is a system of coherent application of energy; it is a
device which produces light, infra-red or ultra-violet radiation with special prop-
erties, using a system of excited atoms. The first working model of Laser was
built in 1960 by the US physicist, Theodore Harold Maiman (1927 - ),
following theoretical work by Charles Hard Townes (1915 -),Nobel Laureate
in Physics 1964 for development of MASER (Microwave Amplification by
Stimulated Emission of Radiation) and Arthur Leonard Schawlow (1921 - ),
Nobel Laureate in Physics in 1981. Atoms absorb energy in well-defined
amounts, raising electrons to excited states; the electrons are said to move from
one energy level to a level of higher energy. An atom is a unit of matter, consist-
ing of a nucleus of positively charged protons and unchanged (neutral) neu-
trons, orbited by negatively charged electrons. A complete atom has the same
number of electrons as protons balancing the charge. The nucleus is a Pandora’s
box of sub-particles or elementary particles like Leptons, Photons,Gravitons,
Bosons, Gluons, Mesons, Baryons, etc. Each atom contains approxirnately 350
fundamental particles. After being excited, an electron usually returns to its origi-
nal level after less than 10-® seconds, releasing energy as photon of light.

Photon is the quantum or particle of light - a particle that transmits the
energy in light, x-rays and other forms of electro-magnetic radiation. Light and
other electro magnetic radiation comprises a stream of photons. If photon of
energy similar to that of another photon about to be released strikes the excited
atom,then the proton production is more rapid;this is called ‘stimulated emis-
sion’ after Einstein’s work on photo-electricity in 1917.The result is two pho-
tons identical in phase moving in the same direction. Should these photons
themselves interact with more excited atoms, eventually a cascade of identical
photons will be produced, all moving in one direction. Laser action depends on
the choice of special atomic systems for which an energy supply is able to raise
large number of atoms to excited states, ready to emit photons when stimu-
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lated. Mirrors at either end of the ‘Laser’reflect light end-to-end inside the
‘Laser’ to maintain its action. At one end,the mirror is partially transparent
allowing a portion of light to escape to produce a Laser beam. Typically, energy
is supplied to the ‘Laser’ by electrical discharge or a powerful light source.

Light and all other electromagnetic radiation comprises a stream of
photons, each of which has energy E = hv, where ‘h’ is Planck’s constant (6.626
x 10 j.s - joule second) and ‘v’ is frequency. Photons of yellow light have
energy 3.4 x 10" j. A household light emits c.10% photons every second. Pho-
tons have no (rest) mass (weightless) and are of spin 1. In quantum theory they
transmit electromagnetic force. German physicist, Max Ernst Ludwig Planck
(1858 - 1947), Nobelist in Physics 1918, was the formulator of the quantum
theory in 1900. Among the many technologically important applications of
quantum physics (mechanics)are laser, superconductors and electronics. Fur-
ther evidence that light exists in packets (quanta) came from the photoelectric
effect of Einstein in 1905 (ANNEX - I: PAPER - 1) and Compton effect (1923) of
US physicist, Arthur Holly Compton (1892 - 1962), Nobel Laureate in Physics
in 1927.

Light is a form of energy. It is a form of electromagnetic radiation. Glow-
ing luminous objects, such as the sun, fires and candles, emit light when their
atoms receive large amounts of energy. In an electric lamp, this energy is pro-
vided by electricity. Sometimes all the atoms in a material can be made to emit
their excess energy at the same moment. In some cases, a narrow and extremely
intense beam of light can be produced. This is the basis of lasers. Laser beams
are very concentrated energy source. Lasers can be used for a variety of opera-
tions from cutting through metal sheets to performing delicate surgical opera-
tions. The discovery of photon is due principally to the research of Max Planck
in 1900 and Albert Einstein in 1905 in one of his five ground-breaking papers.

‘Laser’ light is monochromatic (all one colour, coherent in step) pro-
duced as a beam which does not spread, and travels large distances undimin-
ished in intensity. The light is produced either as a continuous beam or as pulses.

‘Laser’ has got many uses; in medicine it is used on phototherapy,eye
and brain surgery, and in other aspects of surgery. ‘Laser’ waves have high
energy - can be focused to a microscopic point and are perfectly sterile, and
cause minimal bleeding and scarring.
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Medical ‘Lasers’ are made mainly of carbon dioxide, argon or matetials
like neodymium and Yag (Yttrium - Aluminium - Garnet). They cut tissue by
heating and coagulating it, or by producing photochemical reactions. Some of
these optical ‘knives’ or ‘cauters’ are employed in eye surgery, while others
penetrate more deeply for tumour treatment. The beam can also be aimed from
-inside the body with endoscopy. However, ‘Lasers’ will never fully replace the
mechanical scalpel, but their uses are expanding steadily in all fields of sur-
gery.

Interestingly, it was Einstein who unveiled the fundamental theoretical
basis of ‘Laser’ first in 1905 in his Nobel Prize-winning work - ‘On a Heuristic
Point of View Concerning the Production and Transformation of Light’ (Annalen
der Physik, 17, 1905, 891-921) - all his five epoch-making papers were pub-
lished in the same volume: 1905 - Anna Mirabilis of Einstein) and then elabo-
rated it in 1917. This turned out to be his sole contribution to medicine. The
practical application of his photo-electric theory has been the “electric eye”
used for opening and closing doors by remote control, for detecting intruders,
for counting and sorting goods and for making radio and television possible.
Einstein is the theoretical father of Laser; US experimental physicist - Robert A
Millikan (1868 - 1953), Nobel Laureate in Physics, 1923 - confirmed Einstein’s
theory of the photoelectric effect.

Surgery: Application of Lasers

* Laser scalpel in areas prone to bleeding

* Removal of moles, warts, resurfacing scars, dermabrading,spider veins,

port wine stains, birthmarks, hemangioma, tattoos, hair removal,
pigments, freckles

* Used in dentistry

Removal of pre-cancerous and cancerous tissues
Eye, nose and inner ear surgery

Used in orthopaedic surgery, arthroscopy

Endoscopic sinus surgery
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* Spine surgery

* Removal of prostate gland

* Treatment of leg and facial veins

* Cardiac revascularisation

* Lithotripsy (removal of kidney stones) and removal of gall stones
* Removal of fibroids and ovarian cysts

EINSTEIN AND MOLECULE

Einstein first attempted to determine the dimensions of a molecule .
(ANNEX - I: PAPER - 2). It was a macro-study. But it established the fact that a
molecule can be measured. It laid down the theoretical basis of the micro-study
of the inner core of the molecule. It was the real beginning of the exploration of
the molecule, wherever it is - be it in the physical world or in the biological
world. Today’s molecular biology has got the insight of the inner dynamics of
the molecule. It has opened a new vista in the elucidation of the functions of the
inner ingredients of the molecule. Thus, it has helped in laying the foundation
of molecular medicine. Einstein was, unwittingly, the explorer of this new mi-
cro-world of medical science. Today,neuro-physicists also are trying to quan-
tify brain activities like consciousness, feeling, etc., by applying the principles
of quantum physics.

THE EPILOGUE

It is apparent from the above discussion that the advancement of
medical science was, and is, and will always be, dependent on the progress of
fundamental sciences like mathematics, physics and chemistry. It is true that
pure science is not rapidly converted to applied science. That has always to
depend further techno-logical advancement and on craftsmen’s innovation.
The role of physics in the evolution of some modern medical equipment - both
diagnostic and therapeutic, is simply unique. A chemical pathology laboratory
also comprises overall physics (i.e. laboratory machinery, pressures,
radioactivity, voltage, etc.)
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In the world ‘of Nature - the macrocosm - man is but the microcosm
and “the Book of Nature is written in Mathematical Characters”, so said Galileo
Galilei (1564 - 1642). The contribution of physics and other basic sciences to
modern medicine is immense. It has gathered momentum with the march of
time. Throughout our contemporary era, the science of medicine is inseparable
from the science of physics, mathematics, chemistry, statistics and some of the
other natural sciences. In the 50th anniversary of Einstein’s death (April 18,
1955) coinciding with the centenary (1905-2005) of his ground-breaking dis-
coveries, we can still see the results of his theories in innovations ranging from
the atom bomb to microwave and medicine.

ANNEX - 1
ANNUS MiraBILIS (MIRACULOUS YEAR, 1905) OF ALBERT EINSTEIN (1879-1955)

(OnLy 26 YEARS OLD AT THF TIME) (FIvE/Six PAPERS THAT CHANGED THE FACE
OF Puysics: ANNALEN DER Prysik, 1905)

Paperl:

“On a Heuristic Point of View Concerning the Production and Transformation
of Light” (Ober einen die Erzeugung und Verwandlung des Lichtes betreffenden
heuristischen Gesichtspunkt). Annalen Qer Physik 17 (1905) 132-148 (Com-
pleted March 17, 1905).

Einstein expounded on the peculiar discrepancy between material bodies and radiation
and introduced the concept of light quanta, or photons, providing the basis for much of the later
work in quantum theory, especially Bohr’s theory of the atom. Challenging the wave theory of
light, Einstein showed that electromagnetic radiation interacts with matter as if the radiation has a
granular structure (the so-called photoelectric effect). He determined that a massless quantum of
light, the photon, would have to impart the energy required according to Planck’s radiation law to
break the attractive forces holding the electrons in the metal. This theory was one of the mile-
stones in the development of quantum mechanics, making Einstein the foremost pioneer in the
field and opening the world of quantum physics. The first of the five great papers he published in
1905; it earned him the Nobel Prize in physics sixteen years later in 1921.

Paper I1:

“A New Determination of Molecular Dimensions” (Eine neue Bestimmung der
Molekuldimensionen), Dated April 30, 1905, but not published until the follow-
ing year, Bern: Wyss, 1906, Also slightly revised in Annalen der Physik 29
(1906) 289-305 (Completed, April 30, 1905).

This document is Einstein’s doctoral dissertation, resubmitted in the spring of 1905
after he withdrew his first submission in 1902. Here, he combined the techniques of classical



118 INDIAN JOURNAL OF HISTORY OF SCIENCE

thermodynamics with those of the theory of diffusion to create a new method for determining
molecular sizes. He wanted to discover facts that would establish once and for all the existence
of atoms of a specific finite size, since at the turn of the century the atom’s existence was still in
contention. After he submitted his copy of the thesis to the University of Zurich, his petition to
receive the doctorate was approved.

Paper 111:

“On the Motion of Small Particles Suspended in Liquids at Rest Required by
the Molecular-Kinetic Theory of Heat” (Uber die von der molekularkinetischen
Theorie der Warme geforderte Bewegung von in ruhenden Flussig-keiten
suspendierten Teilchen), Annalen der Physik, 17(1905), 549-560 (Received by
the Editor, May 11, 1905).

For the first time, Einstein discussed Brownian motion, the irregular movement of
microscopic particles suspended in a liquid,which was named after the eighteenth-century
Scottish botanist who first observed it. As Einstein explained in a letter to his friend Conrad
Habicht on May 25, he proved in this paper that particles about 1/1000 millimeter in diameter
suspended in liquids and too small to see move randomly because of thermal dynamics. By
inverting Boltzmann’s formula, Einstein described its mathematics, deriving the probability of
a macroscopic state for the distribution of gas molecules. This paper led to experiments
validating the kinetic-molecular theory of heat. To date, this is Einstein’s most cited paper.

Paper 1V:

“On the Electrodynamics of Moving Bodies”(Zur Elektrodynamik bewegter
Korper), Annalen der Physik, 17 (1905) 801-921 (the Editor, June, 30, 1905).

This landmark in the development of physics, one of the two papers that laid out the
theory of special relativity (the other is no.5), formulated a new conception of time. By assum-
ing that the speed of light is the same to every observer moving at a constant velocity, Einstein
showed that space and time were not independent; spacetime was born. According to Hermann
Weyl in 1918, this theory “led to the discovery that time is associated as a fourth coordinate on
an equal footing with the other three coordinates of space, and that the scene of material events,
the world, is therefore a four-dimensional, metrical continuum”. It was a revolutionary piece of
scientific work.

Einstein’s exploration of the nature of simultaneity and expression of the necessity of
defining simultaneity led to widespread discussion of the conventionality of simultaneity” in
the philosophy of science, which is still a hot topic today.

Henri Poincare, also in 1905, obtained, independently from Einstein, many of the
results of the special theory.
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Paper V:

“Does the Inertia of a Body Depend on its Energy Content?”(Ist die Tragheit
eines Korpers von seinem Energie-inhalt abhangig?), Annalen der Physik, 18
(1905) 639-641 (Received by the Editor, Sept. 27, 1905).

Using the postulates of the special theory of relativity, Einstein showed that energy
radiated is equivalent to mass lost, which would eventually lead to the famous equation E =
mc?. He considered the conservation of energy of a radiating body in a system at rest and in a
system in uniform motion relative to it. For the first time he concluded that “the mass of a body
is a measure of its energy content”. The special theory of relativity paved the way for a deeper
appreciation of symmetry criteria in physics and introduced new views on space and time, yet
it took twenty-five years for experimental evidence in its favour to emerge. Einstein credited
Galileo, Isaac Newton, James Clerk Maxwell and H.A. Lorentz for laying the foundation for
the theory.

Paper VI:

“On the Theory of Brownian Motion” (Zur Theorie der Brownschen Bewegung),
Annalen der Physik, 19 (1906) 371-381(Received by the Editor,
on December 19, 1905).

In this second paper on Brownian Motion, Einstein presented his earlier ideas on
Brownian motion in more elegant form, adding two new applications- the vertical distribution
of a suspension under the influence of gravitation and a calculation for a Brownian rotational
movement for a rotating solid sphere. Jean Perrin’s experiments on the former would win him
Nobel Prize in 1926.
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ANNEX - 11

ANNUS MIRABILIS - 1666 OF CLASSICAL SCIENCE:
Isaac NEwTON (1642- 1727)
(OnLY 24 YEARS OLD AT THE TIME)

In 1666 Newton laid the foundations of his version of the differential and integral calculus, his
theory of colors (optics), the theory of universal gravitation and formulated his basic laws of
mechanics.
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