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Light and its interplay with matter has facinated 

people from times immemorial. Light is universal in that 

sufficiently energetic chemical reactions like combustion 

produce light, but intense heat also produces light. As 

a rule the light depends on the object undergoing combus

tion; but when heat is the origin of light we have the 

general rule that the hotter the body the whiter the light. 

The propagaiton of light in matter including both absorp

tion and dispersion depends on the composition of light 

and the nature of the material medium. But all matter 

interacts with light. Light may originate in matter, may 

interact with it or be absorbed by it. But it is distinct 

from it. But what is light?

The Electromagnetic Theory of Light

Studies of electromagnetism culminating in the theo

retical work of Maxwell and the experimental vork of Hertz 

showed that electromagnetic waves propagate in a vacuum 

with a velocity which is equal to the velocity of light. 

Moreover the phenomena of polarization and double refrac

tion as well as the general wave propagation properties 

like interference and diffraction are accommodated within 

this theory. Based on these the conviction that light and 

electromagnetic waves are one and the same grew amongst 

people. However, while the long wavelength electromagnetic
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waves are generated by electrical apparatus like induc

tion coils, spark gaps and wire antennas which manifest 

electric charges and currents in the emission and ab

sorption of light one could not discern any charge cur

rent distributions. The visible light wavelengths being 

extremely snail it was natural to conjecture that the 

subatomic structure must be electrical in nature, a con

clusion strengthened by the appearance of line.spectra 

characteristic of the chemical elements. With the dis

covery of electrolytic dissociation and the discovery of 

the electron it became natural to look to the subatomic 

charge-current distributions to be the source and sink of 

light.

Light appears in a heated cavity. To the extent 

that the cavity does not allow any light to escape it is 

"black" (i.e., perfectly absorbing). Under this condi

tion the composition, size or shap>? of the wall is quite 

irrelevant for the equilibrium distribution of light; the 

spectral distribution of the intensity depends solely on 

the absolute temperature. It is therefore something we 

would expect to be able to calculate from "first princi

ples." .

Not only was classical theory not able to account' for 

the result but it gave absurd answers to it. The space 

inside the black body may be thought of as a dynamical
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system, a field with any infinite number of degrees of 

freedom, subject only to the boundary conditions at the 

walls of the cavity. A natural enumeration of such de

grees of freedom is in terms of modes, the standing waves 

satisfying the boundary conditions. There are an in

finite number of them. Each such mode corresponds to a 

coherent movement of electric and magnetic fields; and 

each of them is a possible kind of excitation of the field. 

The field may not be expressed as excitations of these 

various modes to varying extents. Each of these modes 

is a degree of freedom of the system, coupled to other 

modes only through the absorption and emission of the walls; 

at thermal equilibvium, each of these modes should carry 

the same energy kT 5 at the temperature T. But since 

there are infinite number of modes we should conclude that 

either thermal equilibrium is never reached, or that some

thing is wrong with classical theory. Otherwise we would 

be led to the absurd result that the black cavity would 

have infinite energy density. Yet classical theory seemed 

to be sf consistent logically!

Photons

The resolution of this patently absurd conclusion 

came with the work of Planck at the turn of the century.

He had to make a radical departure from classical theory



in assuming that the excitation and deexcitation of the 

various modes of the field in a cavity took place in 

integral multiples of a quantum of energy; and in assum

ing that this quantum had energy hv directly proportional 

to the frequency of the mode (h being a universal con

stant with the dimensions of an action, the product of 

energy and time). A derivation of the black boay radiation 

following classical statistical mechanics as closely as 

possible is as follows:

The probability of tne n^-excited state of the field 

mode with frequency v having energy nhv at absolute tem

perature b "1 is given by

P „ ( v )  = Z (v )- 1pn ( v ) H  Z ( v ) ' 1 e ' nhvB

where

Z(v) ■ £ p n (v  ̂ = £ e ' nhvfJ = (I - e -hvBr 1 
n=0 n=0

Hence the average energy of the mode is
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which supplemented by the factor to account for
c

density of modes with frequency v is Planck's formula. 

Note that the same derivation enables us to compute the 

fluctuations in the energy also;

2

E2(v ) - (E(v))2 - 2  n2h2\>2 ' p (v) - f E  nhvp (v)' 
n=0 n \n=0 n

But

E*(v) - Z'1 ii Z - Z’1 82
3B 38

= 2(E (vT )2 + ETw

(e6hv - l')

Hence

EZ(v) - (E(UT)2 = {1 + E(v)} .

This is a curious expression in that the fluctuations are 

in excess of what a classical statistical wave would ex

hibit. For such a wave with complex contributions from 

many many wavelets we expect an uncrrrelated bivariate 

Gaussian distribution:

1 ( A1 + A2 PCAj .Aj ) = jy exp I- —  J---

and hence

(A2 + Af) - r

(A* ♦ k f ?  = 2IZ
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Hcsnce the fluctuation is (E(v))2 not E(v) ( 1 + E(v)). On 

the other hand if we had a Pcisson process corresponding 

to uncorrelated random events the probability for n events 

is

-V ti" 
Pn ”  e fTT-

so that

and

n2 - (n)2 » n

Thus the fluctuations of the energy of any mode is composed 

of a classical wave term and a classical particle term.

The statistical quantum wave field is both a wave process 

and a particle process I For many modes the distribution 

functions are products of distribution functions for the 

various modes.

This chameleon nature of the wave field is already 

implicit in the quantum hypothesis of Planck. The dis

covery and explanation of interference, diffraction and 

double refraction employed the wave theory and enabled us 

to measure the wavelength of light. On the other hand 

Planck’s hypothesis introduces a corpuscular behaviour of
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light. The light quanta or photons were only a device 

for Planck to get a result different from classical theory 

but obtained by following it as closely as possible.

But Einstein showed that the photoelectric effect requires 

that photons interact as particles when colliding with 

surfaces and liberating photoelectrons; Compton showed 

that the photons carry energy and momentum in discrete 

units. Light must consist of particles, even if they 

are peculiar particles.

One of the peculiarities of the photons is that they 

behave as if they are extended, but without structure.

When the question whether light consists of waves or par

ticles was considered a supposedly crucial experiment was 

done by Fizeau on the velocity of light. The refractive 

index of light in water is greater than unity. On the par

ticle theory the force exerted on the photon to deflect it 

towards *.he normal should be an impulsive normal attrac

tion by the interface; this leaves the tangential velocity 

constant and increases the normal velocity, provided the 

particles are point objects. Hence the speed of light 

should be greater in water than in air. On the other hand 

for a wave one could expect the reverse. Since the speed 

of light is in fact lower than in air it was supposed to 

rule out particles. But if light does consist of parti

cles what does this mean? Perhaps that photons are extended 

particles?
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Statistical Mechanics of a Photon Gas

We may therefore observe that light may be thought 

of as consisting of noninteracting particles. The ques

tion naturally arises: Can we formulate the statistical 

mechanics of photons in such a manner as to deduce the 

black body radiation law?

The answer to this question was given in the affirma

tive by Bose who used the strict identity of the particles 

to introduce a new method of counting the statistical 

weight. If there are r modes among which N photons are 

to be subdivided the statistical weight to be assigned to 

any partition (Nj,N2,- • . is given by the number of 

ways of arranging particles and (r-l) walls of partition:

W = (N+r-1)!/N!(r-l)!

Each of them hcs energy Nhv. If we consider a multimode 

distribution with modes v(j) the total energy H and the 

total number of photons N are given by

E » Z  N(j)hv(j) 
j

N = Z  N(j> 
j
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The statistical weight of this state is

w = 1Tw(j) = 77^c j ) . i  r.01 z -il l
j j N(j)! (r(j)-1) !

Maximizing the entropy

S = k log W

while keeping both E and N constant we get 

ZSN(j) logNCj)Ntjy:(j) = 0 

ZstiCilhv̂  = 0 

EsN(j) = 0

in the approximation N(j), r(j) are large compared to 

unity. The solution to the“"3 variational equations is the 

two parameter family

log = Bhv ♦ y

where

“ e6hv(j)+y _ j

If we put u » 0 corresponding to the relaxation of the 

photon number conservation we recover the Planck distribu

tion with
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,., 8i> 2 ,... 
r(j) ! - j V  (j) 

c

Bose-Einstein Statistics

This derivation, due to Bose, s a fundamental 

modification of our understanding of the notion of an 

assembly of particles. Not only are the particles iden

tical but so indistinguishable that complexions are 

labelled and distinguished only by the "occupation 

numbers" of each mode. This is in fact the modification 

necessary to have the simultaneous validity of the parti

cle picture and the field picture. If the particles are 

to be identified as excitations of the field, the birth 

and death of particles are only motions, changes of state 

of the field. Creation and destruction are subsumed as 

dynamical changes, no more mysterious than the change of 

position of a moving object.

This new mode of counting the statistical weight is 

associated with the Bose statistics obeyed by photons and 

other Bose particles (bosons). It appears that all parti

cles with integral spin obey Bose statistics. The gen

eralization from a gas of photons to a gas of general Bose 

particles was made by Einstein who retained the chemical 

potential corresponding to the constraint of the constancy 

of total particle number; and who chose the nonrelativistic
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energy for a particle p /2m in place of hv. Because of 

this completion of Bose's theory by Einstein we refer 

sometimes to Bose-Einstein statistics.

Bose's (and, hence, Einstein's) derivation of the 

equilibrium distribution can be simplified by recognizing 

that the primary unknown is the set of nonnega'cive multi

plicative probabilities

P(N(1) ,N(2).... N(r) ) = P1 (N(l))f2(N(2))....

We can obtain the most probable distribution keeping the 

total energy fixed as the solution to the variational 

equations maximizing the entropy S:

S = £p(N(r)) log p(N(r)) 
r

E = Sp(N(r))N(r)hv(r)

N = 2p(N(r))N(r) .

The variational equations are

2N(r)«p(N(r)) = 0 

Zfip(N(r)) = 0

Etl * logp (f.(r)))«p(N(r)) = 0

2
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P(N(r)) = exp {-a - BN(r)hv(r)}

0

which may be written in the form

with the general solution

p(N) = (l-x)xN

Bose Process as an Innovation on a Poisson Process

Satyen Bose’s work pointed out that the strict identity 

of the photons (and therefore of other bosons) makes it 

necessary to note that the particles are not independent 

(even when there is no interaction between them). Foi a 

collection of independently occurring events the probabili

ties define a 'Poisson process':

r i "P ir(n,y) = e

In this case the mean number of particle"; and the mean 

square number of particles are given by

n - 21mr(n,u) = y

nZ = £ n 2Tt(n,u) = v2 *• U
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The fluctuation in the particle counts is measured by the 

—2 — 2
variance n - n - p. For the Bose process 

p(n,x) = (l-x)x11

we get

n = Z !n p (n ,x ) =

fT2 - S n 2p (n ,x )  = * — L * .

(1-x)

The fluctuation in the counts is now

- ff2 = n(l+n) .

This is larger than for the Poisson process and is some

times referred to as 'photon bunching'. It suggests that 

the photons are noninteracting but not independent parti

cles. Incidentally the Bose process may be thought of as 

an 'innovation' on the Poisson process:

00

p(n,x) = I t t ( n , y ) d u  

*0

Photon bunching is thus the particle version of the inten

sity fluctuation in the field version. The thermal radia

tion field has a bivariate Gaussian distribution
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1 / A1 + Az
p CA1 ,A2) - exp (- j

So that the intensity I is Rayleigh distributed: 

PCX) = j- exp(-I/I) .

Einstein's Dynamic Derivation for Bohr Atoms

The dynamic method of determining radiative equilibrium 

consists of-balancing the probabilities of direct and re

verse transitions. For colliding material systems in 

which the energy alone is the conserved quantity the 

Boltzmann weight factor exp(-BE) incorporates this balance 

siiice the multiplication of the Boltzmann factors yields 

the exponential of the total energy which is therefore 

constant before and after the collision.

Albert Einstein showed that this dynamic balance 

between emission and absorption of radiation by a Bohr 

atom with two identified levels could lead to a different 

derivation of the Planck spectral distribution law. I.et 

the two identified levels have energies E^ and E2 with 

the emitted or absorbed photon with frequency v satisfying 

Bohr's condition.

e2 ' E1 ” *1V
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Einstein assumed that the relative populations of the 

levels and E2 were given by the Boltzmann factors 

e‘®El and e"®Ez. Einstein also introduced the rates of 

induced and spontaneous transition rates A and B which 

depended on the internal dynamics and the details of the 

interaction of the atom with the radiation. The upward 

transition rate is all induced and given by

p(v).A-e'BEl = Rj 

The downward transitions contain an induced term

p(v).A-e'6E2 = Rz 

and a spontaneous transition rate

Here the factor 8irv2 /c3 is the density of modes per unit 

volume. If we now look for radiative equilibrium we must 

start by equating rates of upward and downward transitions:

Rl = R2 * R3 -

This gives

p(v)Ae*BEl =  ̂(v)Ae"®E2 ♦ Be'®6*
c
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Using the Bohr relation we can rewrite this in the form

p{v)AehvfJ = p(v)A ♦ B
o'5

We reproduce Planck's spectral distribution formula

_ 8 ttv2 B 1 

- -p-« ;EJT7

provided we choose

B = hv-A

This shows that in addition to induced emission we must

consider spontaneous emission also. The spontaneous rate

cannot be zero.

The limitation to a two-level system was removed in a 

subsequent paper by Einstein and Ehrenfest.

Bose's Generalized Dynamic Derivation

Satyen Bose generalized this work to its full generality 

and considered an assembly of photons of various frequencies 

in interaction vith arbitrary levels for the atomic system.

He also took into account the Compton effect suffered by 

photons in interaction with moving electrons, an effect 

that was already pointed out by Pauli to be necessary for 

the steadiness of the Planck distribution. He showed that
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if the ratio of direct to reverse intrinsic transition rates 

is e6*lv then the Planck distribution would be obtained: 

this meant that we must get the ratio of the intrinsic 

transition rates to be not equal to one but (l+n)/n where 

n is the photon number density per mode. Einstein got it 

by assuming an additional spontaneous transition rate.

Bose proposed to get this by another means. He kept 

the total transition rate for the downward transition in

dependent of the number of photons present. Neither did 

he have the proportionality of the induced downward (emission) 

transition rate to the number of photons present per mode; 

nor have the upward (absorption) transition rate proportional 

to the number of photons present per mode. Instead he

gave a combinatorial argument why the upward transition 

rate was less than the downward transition rate by the 

factor n/(n+l). In terms of our present understanding of 

the quantum mechanical mechanism this is incorrect nor 

was it even satisfactory in terms of the classical limit 

of electromagnetic radiation incident on an absorber.

But Bose felt that his was a more satisfactory scheme since 

it did not introduce the notion of spontaneous emission.

The emphasis on this question (and the negative en

dorsement of Einstein of these ideas!) obscured the essen

tial contribution contained in Bose's 'second p&per.' The 

paper contained a full dynamical thecT-y of radiative
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equilibrium and showed the invariance of the final dis

tribution on the particular states considered or the number 

and kinds of transitions envisaged. It was as much a 

generalization of Einstein's paper on the A and B coeffi

cients as was Einstein’s paper on Bose gases a generaliza

tion of Bose's derivation of Planck's spectral distribution 

law from the photon picture. Yet all these years and in 

all literature including the writings of Satyen Bose's 

contemporaries and students this great contribution has 

been systematically ignored. The notable exception is 

the publication of the collection of his papers on his 70th 

birthday.

Coming back to the dynamical derivation of Slack body 

radiation there is one unsatisfactory feature: the matter 

levels have relative weights given by the Boltzmann weight 

factors exp(-BEj). This introduces a certain amount of 

semiclassical restriction into the theory; this is clumsy 

and unnecessary. Following the same path as used by 

Bose it is possible to give a more satisfactory derivation 

in which the entire interacting system is treated nore 

symmetrically.

A Dynamical Theory of Radiative Equilibrium

Let us start from the notion of 'collisions'. The 

dynamically stable configuration should be one which is
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unaltered by any interaction between components. Let 

there be n. particles (photons, electrons or anything else) 

of type j. The we assume that the transition rate for 

the transition n^ ■* nj"l is proportional to n^ while the 

rate foT the transition -*■ nj+l is some other function

w *
From a classical point of view we would say ^(n^) is 

independent of n. since what is already present should have 

no relevance to whether a new particle of the jt*1 species 

is created. This corresponds to all transitions being 

'spontaneous'. This would lead to the Boltzmann distribu

tion as we can see explicitly below. On the other hand 

on a classical wave picture one would expect that both 

downward and upward transitions are proportional to the 

intensity of the wave inducing the transitions and so 

<Hn) is proportional to n. All the transitions are now 

'induced'. This choice would not lead to a consistent 

distribution.

Let there be a 'collision' i.e. a reaction of the

form

j + ] c + * < > - > - a  + b + **>

and its inverse reaction. The intrinsic rate for the 

direct reaction is



This must equal the rate for the reverse transition

nanb •**

We thus obtain

W  !b!V W  ...
na nb nj "k

This balance must be there whatever be the reaction pro

vided the conservation laws of energy and any other additive 

conservation laws are satisfied:

naea + nbeb + = njej + nkek + • "

V a na + qabnb + ••• = Vj"j + V k

The first one is the energy conservation law and there is 

only one such law. The second one is the conservation law 

of particle species, the qaj being the 'charge' labels of 

type a. In the usual case of interactions involving only 

photons and electrons there is only the conservation of 

electrons.

The general solution to the equation is expressed in 

parametric form:
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(n.)
- V - = explBei + z % j\ ]j J a J

With the assumption of only spontaneous transitions,

(n O  = 1, we get the Boltzmann weight factor

nj = exp[-eej - ZqBjPa]

so that B is the inverse temperature (kT)’1 and ua are 

chemical potentials. With the classical wave picture and 

only induced transitions the equations cease to yeild any 

information and degenerate into identities. For the case 

of induced plus spontaneous transitions we get

n.+l
-1—  = exp[pe ♦ 2qo.y ] 

j J a J
or

nj = [1 - exp(-6ej -

which is the Bose-Hinstein distribution law. For the 

special case of photons we put = hv.. and qaj = 0 so 

that

n = [1 - exp(-Bhv)] 1

Finally for a Fermi-Dirac system there is an inhibition 

of the downward transition so that
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This leads to the Fermi-Dirac distribution law: 

n. = [ 1  + exp(-Be- - .

We have thus demonstrated that the approach of the 

Boltzmann collision ansatz automatically leads to a 

unified dynamic deviation of the Bose-Einstein and Fermi- 

Dirac distribution laws. This derivation is to be contrasted 

with the usual static derivation using notions of maximum 

entropy. The method used here to arrive at the equilibrium 

distribution can be extended to cover nonequilibrium cases 

also but a discussion of the detailed theory is beyond the 

scope of the present paper.

Some remarks are in order. The derivation that we 

have given here is a completion of the work of Satyen Bose’s 

second paper. It shows the great universality of this 

method. It differs from Bose's own work essentially in 

the choice of the rates to be proportional to n and n*-l 

respectively rather than to n/(n+l) and 1. Both the choices 

would give identical results regarding the equilibrium since 

it depends only on the ratio. For nonequilibrium processes 

they will differ.
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Theory of Partial Coherence

The noninteracting-but-not-independent nature of 

photons is a consequence of the underlying field and its 

crystallization into photons. Another consequence is the 

coherence of light at distinct points. For a classical 

wave with a fluctuating amplitude A(x) at the point x, 

the two-point coherence function is

r(x,y) = A* (x)A(y)

Clearly the intensity of the complex wave is 

I(x) = r(x,z)

The important observation is that while I(x) alone is 

measured directly (in photometry, for example), the 

propagation of the wave can be described only in terms 

of r(x,y). The magnitude and phase of r(x,y) are rele

vant quantities. For example if we observe a double 

slit, interference pattern with two small holes at x and y 

the visibility and po .ion of the pattern would depend 

on the magnitude and phase of the two-point function.

If the reduced two-point function

r(x,y) = r**s(xx)r(xy)r‘,5(yy)
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is unimodular for all points x,y the field is fully co

herent; otherwise not. A fully coherent beam preserves 

its full coherence under propagation. But partial co

herence (including total incoherence for distinct points 

x f y) change their degree by propagation.

But what about quantum coherence theory? The quan

tities A*(x), A(y) are now, in general, noncommuting quan

tities; moreover we would like to define the two-point 

function in such a fashion that in the vacuum state it 

vanishes identically. All these requirements are simul

taneously satisfied by replacing the statistical average 

by the quantum expectation value of the ordered product 

A*Cx)A(y) with the annihilation operator A at the extreme 

right hand side and the creation operator A* being to the 

extreme left side. This ordering is sometimes called the 

normal order. Quantum two-point function is the expecta

tion value of the normal ordered product of the fields 

at the two points. With this definition vre can carry out 

a number of calculations of the propagation and manifesta

tion of the two-point function. They imitate the results 

of the classical theory.

It turns out that this result is a special case of a 

remarkable general result: at the level of the two-point 

function the quantum coherence function can be put into 

one-to-one correspondence with classical coherence functions.
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There are no exceptions to this rule. Interferometry is 

already quantized!

We have already seen that the photons undergo more 

fluctuations than a pure wave assembly or a particle 

process. This tendency of photons to cluster should ex- 

hibt itself when more than one photon is involved in a 

process. The simplest example is in photoelectric count

ing: the photocounts do not come out as a Poisson 

process but exhibit an excess fluctuation. This can be 

seen as follows:

Given a classical wave intensity I the photocounts 

are Poisson distributed with a mean count |i proportional 

to I:

p (n ) « e ' M un /n ! u ■ ol

Then if the intensity itself is distributed by a Rayleigh 

distribution

.CD
then

<P Cn)> = J i d I . e - I / I . e ' “ 1 ^

- (i-y)yn
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with y = al/fl+ol). This is the Bose distribution which 

leads to photocount fluctuations

n2 - n2 = n(l+n) ® n2 ♦ n .

These photocount fluctuations are characteristic of the 

Rayleigh intensity distribution of light intensity. That 

distribution in turn is classically anticipated for illu

mination coming from numerous distinct coherent sources.

On the other hand, for every illumination field we can 

deduce an equivalent classical intensity pseudodistribution. 

The essential modification is only in the possible viola

tion of the nonnegativity of the distribution function.

This is the Optical Equivalence Theorem.

For emission from a coherent source like the laser 

the intensity is fixed and there is no excess fluctuation; 

the counts are Poisson distributed. Photocount distribu

tions tell us about the intensity distribution.

In the dynamic derivation of the radiation equilibrium 

we saw that the probability of a transition involving 

absorption of photons is proportional to the number of 

photons present in the initial state in that mode. But 

for emission processes the probability is proportional to 

the number of particles in that mode plus unity. This 

curious feature leads to the photon avalanche by stimulated
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emission and the possibility of the laser. The esoteric 

contemplation of the nature of light supplements the 

lights in nature by one brighter than all of them, the 

laser.

Quantum Field Theory

The work of Bose and Einstein led to the formulation 

of quantum electrodynamics by Heisenberg and Pauli and to 

its modern development as the prototype of all quantum 

field theories. The prerequisite to this development was 

the discovery of quantum mechanics itself by SchrSdinger 

and Heisenberg; and its formulation in terms of trans

formation theory in vector spaces by Dirac, who also 

introduced the contemporary use of the creation and de

struction operators. Heisenberg and Pauli showed that a 

quantized Bose field is equivalent to an assembly of 

quantum particles. Not only are corpuscular and wave 

theories unified but particle and field aspects appear 

as facets of the same entity. The Bose statistics obeyed 

by the particles corresponds to the use of commutation 

relations to quantize the field theory. This in turn can 

be related to the spin of the field by virtue of the prop

erty of the rotation group that the fundamental bilinear 

invariant form for the orthogonal group is symmetric.

There is another group of particles which obey antisymmetric
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(Fermi-Dirac) statistics fnd they are all half integral 

spin fields; correspondingly the fundamental bilinear in

variant is antisymmetric for spinor field; and they may 

be quantized using anticommutators.

Bose Condensation

One of the curious consequences of Bose statistics 

is the behaviour of an assembly of indestructible (non

interacting) bosons in a finite fixed volume. As the 

temperature is lowered there is a preference for the 

lower energy modes. If the density of particles is 

sufficiently high it can be demonstrated that lowest 

state would contain a large fraction of all the particles. 

This phenomenon of Bose condensation is a typically quan

tum phenomenon which manifests macroscopically. Liquid 

helium at sufficiently low temperature exhibits super

fluidity which is evocative of Bose condensation.

The long range order of such a macroscopic system 

as a superfluid is a reminder to us that mere separation 

in space is not by itself sufficient to destroy coherence. 

In many studies of quantum mechanics one comes across 

such situations of long range order and its apparent 

irreconcilability with our intuitive feel for the macro

scopic world. Elsewhere I have argued that quantum mechan 

ics enriches o u t  imagery and enlarges our models of the
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world; and that extraordinary meditative states of aware

ness have many features which seem suited for a quantum 

mechanical model. Effortless creation and the transcen

dence of space described so succinctly by Patanjali are 

evocative of quantum theory. Whether a dynamical model 

of the world picture of these states of awareness can be 

built within the quantum-mechanical framework is yet to 

be seen.

Limitations of space (and time) prevent me from tracing 

the fascinating currents of ideas which have contributed 

so decisively to our knowledge of the subatomic world. 

Suffice it to say that quantum mechanics has unified 

apparently diverse fields as astrophysics, atomic physics, 

molecular biology and the physics of elementary particles. 

The majestic sweep of these ideas is breath-taking in it

self but the giants of the past amaze us again and again 

in their virtuosity and originality. The notion of crea

tion and annihilation operators was introduced by Dirac; 

the coherent states first discussed by Schrodinger; col- 

lisional equilibrium explored by Einstein. Among them 

stands the timely and profound work of Bose who had the 

wisdom to unify two apparently contrary concepts. In thus 

shedding light on the nature of light he catalyzed the 

formulation of quantum field theory.


