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From the Head of the Department

As one year draws to a close, since the time we had first published our
departmental magazine, | cannot help but remember all those who had contributed
towards making this issue’s publication possible. Dr Samapti Pal, our editor had
worked tirelessly for the past three months in making this issue possible. Although
nobody is supposed to be indispensable but for me my colleague and beloved sister
Samapti is. Her dedication and sincerity deserve a special mention.

Although a supervisor is always important for such work, it must not be
forgotten that the physical burden is too great for one person to bear. In this
context comes our children - our students. They have worked a lot for this issue,
never disobeying our slightest suggestions or instructions, whichever one may call
these. Naturally | feel predisposed towards my students as without fail they have
been able to carry out all the work courteously and with a smile.

| am very grateful to our Principal, Dr Sital Prasad Chattopadhyay for his help
towards the publication, as he has allowed the full sponsorship of this magazine
from our college fund.

| wish that this legacy would continue for years to come even in my absence.
To our students, | wish them all the success in life from the core of my heart.

Dr Mitali Middya,

Head of the Department,
Department of Physics,
City College,

Kolkata 700009
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The Integral Quantum Hall Effect [IQHE]

— Dr. Amiya Bhushan Biswas, Ex. Professor

“Where the telescope ends, the microscope begins ....”
- Victor Hugo.

1. Introduction

Physics (Science, in general) is a splendid edifice with latest brick almost always laid on
an earlier one. Physics of the phenomenon that | am going to discuss here is a wonderful
wattle of the classical concept of the well-known Hall Effect, modern technology of two
dimensional [2D] system of conduction electrons and the quantum mechanics of Landau-
levels. This phenomenon is known as Quantum Hall Effect [QHE] or more precisely the
Integral Quantum Hall Effect [IQHE] (the reason of this naming will be understood very
soon). This effect manifests itself spectacularly as a series of plateaus of the quantized
values of Hall resistance” R, of materials containing 2D electron system as depicted in

Fig.1. These values are given by,

(Rit)ao =(elz)%= 25?”9 L =123 0
where, h is the Planck’s constant (h=6.62607x10"* J-S), e is the elementary electronic
charge (e=1.60217%10™° C) and the symbol Q stands for the unit of resistance Ohm. To
date this simple result has been found to be correct to within a few parts in 10°. This has
led to adopt the quantized Hall resistance as the international standard of resistance.
Since in (1), r is an integer, this observation is named, as stated above, the Integral
Quantum Hall Effect, IQHE.

The original discovery of this striking and surprising
result (by Klitzing, Dorda and Pepert!! in 1980) was made
with a MOSFET (Metal Oxide Semiconductor Field
Effect) in which the electrons are confined to the plane
interface (which really means three dimensional [3D]
system but extremely thin ~100A) between the
semiconductor (usually, Silicon) and oxide layer grown on
top of it. For this discovery von Kilitzing was awarded
Nobel Prize in Physics in 1985/,

BMagnense field 8 { Tesla) -

2. Classical Hall Effect and definition of Hall Fig1 Quantized Hall resistance

Resistance (Rp)2p Of a typical 2D electron

] . system as a function of magnetic
Before proceeding further, a few introductory comments field strength B (in Tesla) at low

are here. It is well known that a transverse emf appears temperature T~mK. The dotted
when a current carrying conductor (not necessarily a lineisthe classical result.

metal) is placed in a magnetic field B that acts
perpendicular to the direction of current flow. This, as we know, is called the Hall Effect.

T Here we use the symbol ‘RH’ to denote “Hall resistance’ not the Hall-coefficient which is commonly denoted by the
same symbol. Readers must not confuse one with the other. In fact, for the rectangular geometry of the specimen (thin
Thickness(b)

slab) as shown in Fig. 2, Hall coefficient = Hall resistance x ————————
Field strength(B)
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The transverse emf is called the Hall-voltage, and is denoted by V. For simplicity, we
take the shape of the conductor, as displayed in Fig. 2, in the form of a long thin flat slab

of width w and thickness b.

If the conductor is not a superconductor there is a voltage drop V along the direction

Fig. 2. Schematic representation of the geometry for
measurement of hall-voltage. The unit vectors
represent the usual unit-triad used in a rectangular
cartesian coordinate system. Specimen conductor is
taken in the shape of a rectangular thin slab of width
w and thickness b. The symbols i, v, vh denote
respectively the current flowing through the
conductor, voltage drop across the length and
transverse hall voltage vh. Magnetic field is applied
along the z-axis perpendicular to the direction (x-
axis) of current flow and is the drift velocity of an
electron. [here we assume only electrons as charge
carriers for conduction process]

(x-axis) of the flow of current I. The ratio
V/I is just the usual resistance R (=V/I).
Under normal condition (in absence of
external magnetic field) no such voltage
drop occurs along the transverse direction
(y-axis) of current flow (why?) However, if
a magnetic field B is applied perpendicular
to the direction of current flow (i.e.,
parallel to the thin dimension (z-axis) of
the slab [Fig.2]. Lorentz force [Being the
drift velocity of a conducting electron (of
charge —e)] comes into play and it pushes
the electrons to bunch up on one of the thin
side of the slab and a positive ion excess
(mainly) is established on the opposite
side. This, in turn, produces an electric
field & and therefore a voltage drop
between the thin faces. This is the Hall
voltage, Vy = &w. Under steady state
condition (when force due to electric field
Ey precisely balances the Lorentz force
acting on the electrons in motion), the Hall

resistance, Ry is given ( by definition) the ratio V,, /I which yields the formula,

(Ri)sp =[Vu /1]1=B/n,be
where n, is the volume density of electrons.

(2)

e The simplicity of experimental setup for Hall-effect makes the Hall resistance R,

(or Hall coefficient =R, %) one of the most frequently measured quantities.

Taking the view that a 2D-electron system is really a thin 3D one in which all motion
of the charge carriers is practically restricted in a 2D-plane in question (but not along the
perpendicular direction to that plane) we can define the 2D surface-density, ns=n,b and
obtain the 2D classical formula for the Hall resistance in the form,

B

R =—
(Ridoo =15

3)

3. Quantum mechanical treatment of 2D-electron system and Landau-levels

Let us now consider the quantum mechanical treatment for 2D-electron system [as shown
in Fig.2]. As assumed, the electrons are confined in the x-y plane and magnetic field B
=B k is applied along the z-axis. In this situation, the Hamiltonian (operator) of the 2D-
electron system becomes [in S.1 units],
-~ (§+eﬁ)2 = o= = ~ 0 A0
H="—" ; [p=-inVo with Vo =i—+ j—
™ [p=—-iavV2 wi 2 Iax+Jay]

(4)
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where m is the electron mass and p is the canonical momentum (not mechanical
momentum) and A is the vector potential associated with the magnetic field B by the

relation B=V xA | [curl of A]. In presence of strong magnetic field (B ~ several Tesla),
since Coulomb potential plays no significant role we use for convenience, the Landau

gauge in the form V ¢ A =0[ignoring scalar Coulomb potential] which can be satisfied
(equally well) both by the choice of A=xBj and A=-yBi, We use here the first one”,
A=xBj (%)

Schrédinger (time-independent) wave equation (or the eigenvalue equation) in two

dimension (x-y space), ﬁ\y(x, y) = Ewy(X,y) now takes the form,
ﬁﬁ ? fzﬁi—eﬁ o A+AeVolu(xy)=Ey(x,y) (6)
2m 2 hz h 2 2 \V ’y - \V ,y

where, as defined already, V» =?;¥X+]% . Use of (5) then dictates

(€zoﬂmmxw=xB%§ (7a)
@-€nwwyrn@%¥ (7h)
Hence, - (AeV2+V2eA)y(X,y)= - 2xB oy (8)

Plugging this result in the left side of (6), we obtain
0> & iexB, 2mE
—+(—+—) " +—Jv(x,y)=0 9
N (ay h) 2 Tv(x,y) (9)
Since the coordinate, y does not appear in the Hamiltonian [as it appears in the left
side of the eigen-value equation (6) and, as we know, the commutators [x,p,]=0,
[p,.P,1=0, the momentum operator p, commutes with the Hamiltonian: [p,,H]=0.

This implies that corresponding wave number k, =p7y is a good quantum number and

can be regarded as a constant parameter of electron motion. The corresponding wave
function can therefore be taken as purely translational type - ¢’y . Thus the simultaneous

eigen-functions w(x, y) both for Hand f)y are of the form,

wix,y) =€ u(x) (10)
The wave function u(x) now satisfies the Schrédinger equation,

—£i+ L e? (x— iy )2u(x) = Eu(x) (11)

2mdx? 2 Y mo,
where, o, = <2 (12)
m
- * - hky - -
is the cyclotron frequency . We note that the quantity has the dimension of length
@

and is a constant (since ky, as argued above, is a constant), we can put this quantity as Xo

# The choice : A = —yBi will lead us to obtain the same result [see, for example, Eqg. (13”)]
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(i.e,xg= Ky —&) This allows us to rewrite the wave equation (11) in the form®
£, Xy = =5 ) q
C
n? d® 1
[—%d7+zmoa§(x—xo)2]u(x)=Eu(x) (13)

= | andau levels

The Eq. (13) resembles the Schrédinger equation for a linear (one dimensional)
harmonic oscillator with centre of oscillation at x = X, [instead of x=0]. Hence, by
analogy to the case of linear harmonic oscillator, we can take the quantized energies of
the cyclotron motion” of a 2D-electron as

En=(n+%)h(nc; n=0,1,2,... (14)

It is important to note that the discrete eigenvalues E,, as given by (14), are
independent of the parameter ky and, therefore, are highly degenerate [see below]. This
result is remarkable. The presence of strong transverse magnetic field causes a great
condensation of continuous spectrum of energy of a 2D quasi-free electron into a discrete
set of highly degenerate levels of a 1D fictitious simple harmonic oscillator. These levels
are called Landau levels. The levels are equally spaced by cyclotron energy 7o, Which is

proportional to the strength of the applied field (o, = ﬁ) . The gap between the levels is
m

void of electronic states.
The family of states belonging to the ground level (zero point energy with n=0) are
extended in y-direction but are Gaussian,

a2 2
——-(x=xp) m B L
yo(x)=Ce 2 ° o= ,/% =‘/%,C= normalisation constant] (15)

For a given value of ky, the Gaussian wave v is centred at x= xo with a width (root mean

square deviation or standard deviation) | = 1 /iB , called the magnetic length.
€

a

= Degeneracy of Landau levels

The most important aspect of Landau levels is there degeneracy. Since Landau levels,
as remarked already, are independent of ky, one may think of any arbitrary value of ky for

nk

ik
Y — Y [as used

a given level E,. However this is not true because of the relation x, =
e

in Eq. (13)]. For a given x we must have 0< x, <w where w is the width of the 2D

sample. This is simply because the centre of oscillation cannot be outside the sample-

geometry. Thus for finding the allowed values of ky we use box normalization with usual

periodic condition. As we know, for a rectangular region:o<x<L,, 0<y<L,, the

* Under the applied uniform magnetic field B=Bk , perpendicular to the plane of motion (x-yplane), an electron (while
in motion) always experiences a sideway force (transverse to the direction of velocity) and moves in a circular path in

velocity _ eB  This as we know, is the cyclotron-motion and the frequency o is

the x-y plane., with frequency . = pr
radius ~ m

called the cyclotron frequency.
§ If one would start with the second choice for vector potential A namely, A = —yBj , the wave equation (13) would

d a2 d2 1 2 2 _ 13’
Zmoé =
read as [_2 dyZ +2 oc(Y—Yyo)“Ju(y) =Eu(y) (137)
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periodic condition in y-direction demands

v(xy=0)=y(x,y=Ly) (16)
which dictates that ¢'*v*v =1 or,
27 . .
ky=L—nJ; j=012,...... an

y
Because of inter-relation of ky and Xo, there must be a maximum value of j for a given
value of B say, J= jmax. Then

L, L
EJ=§LX =By
Ly /i h 2n
which gives the measure of the total number of allowed states corresponding to a Landau-
level En; n=0, 1, 2,... in the available sample area. This gives the degeneracy (number of
states per unit area in 2D available space) of a Landau level,

B
9= (19)

This result plays the crucial role for exhibition of IQHE, as illustrated below.

(18)

4. Theoretical Prediction for quantized values of Ry

Let a large number (N) of electrons are moving in the 2D-space available in the specimen.
If temperature T is sufficiently low (~0K), all these electrons will occupy the lowest
possible energy levels. However, according to Pauli-exclusion principle no single state
can be occupied by more than one electron [Here Spin-degree of freedom is ignored: see
concluding remarks]. Hence the maximum number of electrons per unit area that can be
accommodated in the lowest Landau-level E, =%th is just equal to g, =§ which (one
must note) depends linearly on the field strength B. It reveals that at temperature say,
T=0K, the energy (Fermi-energy) at which the last electron can be accommodated into
the lowest Landau-level depends upon the field strength B. Thus, keeping temperature
fixed, with the increase of B, more and more electrons can be accommodated in the
lowest Landau-level when Fermi-level falls on it. Suppose the surface density (ns) of
electrons in a given sample is fixed. Now, by adjusting the field strength, let all these
electrons be accommodated into exactly r number of Landau-levels. Since each level can
hold the same number (g.) of electrons

r=ls ns=g|_r=§r;r= 1,2,... (20)
gL h
Recalling the definition of (Ry,), given by (3), we find, under the special condition (20),
B h i1
(RH)2D=n_se=e_2(?), r=12,... (21)

This is precisely the observed quantized values of the Hall resistance for a 2D-system as
given by the formula (1). Experimentally, this result is found to be quite independent of
the purity of the sample.

5. Concluding Remarks

The integral quantum Hall effect [IQHE], as studied above, is one of the most surprising
and striking phenomena in the quantum-world that has been discovered during last 40
years or so. Its intimate connection with Landau levels is firmly established. Filling of an
exact integral number of Landau levels produces the correct quantized values of Hall
resistance for 2D-system observed with high magnetic field at low temperature (~mK).
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In our simplified discussion we have not included the spin-degeneracy. Electron is a
spin-1/2 particle with two projections (parallel toB) m, =J_r%. If spin-degeneracy is
removed (Zeeman splitting in a strong magnetic field B>3T), each Landau level becomes
a doublet and at the same time degeneracy of Landau-levels will also be doubled. So, if

the spin-degeneracy is removed, both odd and even plateaus of (R,,),p Will appear with
the change of the field strength B. However, if Zeeman splitting is not removed (because
of high temperature and/or low field strength) then only even plateaus will appear with

h(1l . .. )
(Ru)p=—~5 o ; r=12,..... Practically, magneto-conductivity scenario for 2D electron
e

system lies between these two extreme limits. Since Zeeman splitting is linear in B
[Hamiltonian, Hzeeman = lom ®B] ONe can resolve the spin-degeneracy only at large
magnetic field ( B>3T) as pointed out earlier. This indeed is depicted in Fig. 1. While the

values (Ry).p =%,4h?are clearly seen for B>3.5T, the value (Ry),p =%shows only

a shoulder for B = 3.5T . Below B<3Tall plateaus are even (not shown very distinctly).
To this end, we mention an important observation that deserves attention. When
(Ry),p IS at one of the plateaus (quantized values), the voltage drop V along the direction

of current flow in the specimen drops to vanishingly small values showing almost
insignificant values of ordinary resistance (R) of the sample. The reason is very simple: If
certain lower most r levels are completely filled up corresponding to a plateau of
(Ry),p = (h/€?)/r, the only way for energy to be dissipated (the effect of resistivity) is
by exciting the electrons to higher level E;+1 which is separated by an energy gap se,. In
between these levels there is no electronic state. At a very low temperature (T=0Kor
mK) there is simply not enough thermal energy (ksT; ks=Boltzmann const.) to bridge the
energy gap.

Soon after the discovery of IQHE, fractional quantum Hall effect [FQHE] is also
observed [3]. These new plateaus are seen only with the best samples (least imperfection)
at generally higher magnetic field and lower temperatures (nearly absolute zero). It is now
understood that FQHE results from the mutual Coulomb interactions between the
electrons. These interactions create new gaps in the energy spectrum resulting the lowest
Landau levels filled up only partially (1/3, 2/3" 2/5" etc.).
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The Annus Mirabilis
— Dr. Kausik Mukhopadhyay, Lecturer

1905, this is the year often called “the annus mirabilis” or the "miracle year" in
English or Wunderjahr in German. In this year Albert Einstein wrote four articles,
which contributed substantially to the foundation of modern physics and changed
views on space, time, mass, and energy. The Annus mirabilis papers (from Latin
annus mirabilis, "extraordinary year") are the papers of Albert Einstein published
in the Annalen der Physik scientific journal in 1905. At the time the papers were
written, Einstein did not have easy access to a complete set of scientific reference
materials, although he did regularly read and contribute reviews to Annalen der
Physik. Additionally, scientific colleagues available to discuss his theories were
few. He worked as an examiner at the Patent Office in Bern, Switzerland. Through
these papers, Einstein tackles some of the era's most important physics questions
and problems.

Annus mirabilis papers:

1. Photoelectric effect

The paper, "On a Heuristic Viewpoint Concerning the Production and
Transformation of Light", received March 18 and published June 9, proposed the
idea of energy quanta. This idea, motivated by Max Planck’s earlier derivation of
the law of black body radiation, assumes that luminous energy can be absorbed or
emitted only in discrete amounts, called quanta. Einstein states, Energy, during the
propagation of a ray of light, is not continuously distributed over steadily
increasing spaces, but it consists of a finite number of energy quanta localised at
points in space, moving without dividing and capable of being absorbed or
generated only as entities.

2. Brownian motion

The paper "On the Motion of Small Particles Suspended in a Stationary
Liquid, as required by the Molecular Kinetic Theory of Heat", received May 11
and published July 18, delineated a stochastic model of Brownian motion.
In this paper it will be shown that, according to the molecular kinetic theory of
heat, bodies of a microscopically visible size suspended in liquids must, as a result
of thermal molecular motions, perform motions of such magnitudes that they can
be easily observed with a microscope. It is possible that the motions to be
discussed here are identical with so-called Brownian molecular motion.

3. Special relativity

The paper "On the Electrodynamics of Moving Bodies", his third paper that
year, was received on June 30 and published September 26. It reconciles
Maxwell's equations for electricity and magnetism with the laws of mechanics by
introducing major changes to mechanics close to the speed of light. This later
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became known as Einstein's special theory of relativity. The paper mentions the
names of only five other scientists, Isaac Newton, James Clerk Maxwell, Heinrich
Hertz, Christian Doppler, and Hendrik Lorentz. It does not have any references to
any other publications. Many of the ideas had already been published by others, as
detailed in history of special relativity and relativity priority dispute. However,
Einstein's paper introduces a theory of time, distance, mass, and energy that was
consistent with electromagnetism, but omitted the force of gravity.

4. Mass—energy equivalence

On November 21 Annalen der Physik published a fourth paper (received
September 27), "Does the Inertia of a Body Depend Upon Its Energy Content?", in
which Einstein developed an argument for arguably the most famous equation in
the field of physics: E = mc?,

Einstein considered the equivalency equation to be of paramount importance
because it showed that a massive particle possesses an energy, the "rest energy",
distinct from its classical kinetic and potential energies. The paper is based on
James Clerk Maxwell's and Heinrich Rudolf Hertz's investigations and, in addition,
the axioms of relativity, as Einstein states, The results of the previous investigation
lead to a very interesting conclusion, which is here to be deduced. The previous
investigation was based "on the Maxwell-Hertz equations for empty space,
together with the Maxwellian expression for the electromagnetic energy of space
... The laws by which the states of physical systems alter are independent of the
alternative, to which of two systems of coordinates, in uniform motion of parallel
translation relatively to each other, these alterations of state are referred (principle
of relativity).
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fofe weime| ©iR e e ek JaRE@d =i eiwE| o
AT ONES NN AGTe ARS8 93 AW ARNARET Jrad oxFTe! 7HF 9
e T (o Fee S (9| fof @6 carenengs wer tee? v
A7 FEIE RYre @ IR A0H S TG ¢ FFERE G|
IR AR fom Rfen ¢om qk Reows: FHRST6 ¢ w=Nefs 3 13
CIPE RefFma @2 (IREdeE FFE IRIEA | I IR AETOIRCTR AN e
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o [$8 1IN 618 FCARC 20T 7 ea|

©E @A AR AAfe @ swemir wdw Wl e sure fe e
TFECT &S TARA 20 “wf WRT513 |

qFMCe (e The wamee NqEe dfe oY waw—«g 9t e
el o) o T @I YR WY AAIFE I ©F Y7 YA I/ eaees
fetlT e, o SaRaNE 8% “Quest”-d| ff feTt=: “Einstein is the

kindest, most understanding and helpful man in the world. But again this some
what common place statement should not be taken literally; the feeling of pity is
one of the source of human kindness. Pity for the fate of our fellow men, for the
misery around us, for the suffering of human beings stirs our emotion by the
resonance of sympathy. Our own attachment to life and people, the ties which bind
us to the outside world, awaken our emotional response to struggle and suffering
outside ourselves. But there is also another entirely different source of human
kindness. It is the detached feeling of duty based on aloof, clear reasoning. Good,
clear thinking leads to kindness and loyalty because this is what makes life
simpler, fuller, richer, diminish friction and unhappiness in our environment and
therefore also in our lives. A sound social attitude, helpfulness, friendliness,
kindness may come from both these different sources, to express it anatomically

from the heart and brain.”
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Fqe| IR TTF AN (FIFe TG AR T8 FAR | W ORY TGS

o1



FOCUS - Where the generations converge

R A 9Te—wRIT T ced B FrAfRE Ok ©F GGG
CBIR frcafecer |«

a2 SRRN oo™ €3 ARG ATORAHZ | AL 67 F 5 FAceA
T, @F9F TfF Herr Professor =1 I Herr Weber 3631 (FARE | @3 29 (@FILE
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foig wigpiofe W2, IEATHICE ARSI S SN (=0 Ao [ea
Tl @ I e IR N AT FUR AF0 G QNIRRT (T
57" (Annalen der Physik) #f@@R e @1al a9%G I @isify Sqar F@ e
G I A, ©F TAR Mix 7-9F =G (TR O S G AR FE FA9
qR (@ AT FORT WTMeS g AR wR AW @@ Mx 99q oS
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[Banesh Hoffman : Albert Einstein—Creator and Rebel, Paladin, new edn 1975]

52



FOCUS - Where the generations converge
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T A (BB TRPTR OfF AT BT (SACH| (T ol s &l — 58
SRl (@51 7T FACS B G0 T G2 (@ FW-HeF ARABIZAE @ A AT
T 2O TR - BTl WifeF FrFea ol (AF @SR T - CTRTER 7t
T8 IR @ 93 ORed F TW-NoF WA RIG@d T0E Y3 GF6! S
(TR | &AW (4] '8 FIETH IO TS A GSH T 6 3T Qe Ol
AT ALY A4 ST G AITBIRT (T A 2T YT “Affoe Fed 1< | fe=ieTa
TR O A8 Ie00 3R I (@, 7l, SN G173 |

8 O (oIta1 B A G2 TR Picz fofd @ iwfve erepssle e f, 3t
e | IR I e o [Freed o 9T o — IR T Avew 3w
QEIBI2E Autobiographical Notes -3 @3 36 #ZC:

“Out yonder was this huge world which exists independently of us human beings
and which stands before us like a great eternal riddle, at least partially accessible
to our inspection and thinking. The contemplatiom of this world beackoned like a
liberation and | soon noticed that many a man whom | have learned to esteem and
admire had found inner freedom and security in devoted occupation of it....... The
road to this paradise was not a comfortable and alluring as the road to the
religious paradise. But it has proved itself as trustworthy and | have never

regretted having chosen it.”

EW:

AR YICH TIZ© KB O WETHIRCT (WCH S I2ef (AT wr2fre:

* The World as | See It: AT &<k 1935

» Autobiographical Notes: & & 1949 3t

e Out of My Later Years: &3 &< 1950 3¢

* ldeas and Opinions: &Y AFM 1954

T2l g AeFAd Aw WF ReEey | 78 AFRe] e for fon e
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Ao Tex Wfarem; Suawg witfer «@al g-foq vweim s mREfkEm |
eI RaAM. g qu@ifii-co fof 299 &7, @3 g a9
FeFrel fRMEE G T899 CTRRE | @ 2P Srgd 1 I (@ AR I
(T AR 20od TR |

ArormA (W6 28 sitaaenig i, a9 T g49wl oI e = sedv
AN frerafeane spifed @2 IR Svee A1 AN IR ©ofF R-
el foe I EAm AR @[PS ATt ofte g wead 9wa
@R G 58 ReTarae Wefas T9orF oF™ Fare T 2w | oA
T EIBIE WITHIRER FICZ I G O TSNS TCS (5L T -

PHYSICS DEPARTMENT
Dacca University

Dated the 4th June

1924

Respected Sir

| have ventured to send you the accompanying article for your persual and
opinion. | am anxious to know what you think of it. You will see that | have tried
to deduce the coefficient 8xv?/c® in Plank’s law independent of the classical
electrodynamics, only assuming that the ultimate elementary regions in the phase-

space has the content h*. I do not know sufficient German to translate the paper. If
you think the paper worth publication I shall be grateful if you arrange for its
publication in Zeitschrift fur Physik. Though a complete stranger to you, | do not
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feel any hesitation in making such a request. Because we are all your pupils though
profiting only by your teachings through your writings. | do not know whether you
still remember that somebody from Calcutta asked your permission to translate
your papers on Relativity in English. You acceded to the request. The book has
since been published. |1 was the one who translated your paper on Generalised
Relativity.

Yours faithfully
S. N. Bose

MA@ FETORET 9o oF @i @ foff fm @ =\ orm
e[ €A Zeitschrift fur Physik (vol 26, 178-181, 1924) #f@3W &I %!
FIERET G TRF AV 97 &¥iT I A fercdfeee@ o e SqEmin
G — “SNE T, @H ACF @ &N GF6 GPg=d sMews 1 G IIZ©
oy i A T (FRIBN ©ge Aled IW, T NN Aqg s FIK 1
O@ AWM FAF TN SEPOIRA ACo@ANL RHE @0 Giferd qiReE oy
ARTST IR | HCEATIABIR 0T ey fof e s2ifba Srgge @1 A
ANTS AR @ ACENFIAT] 8 G IFFCAFMAE qB6 FORENS [ &R |
Ao (@ (Fo PR I PN JeERes o 7, 8, 799 8 93, SrREerE
@A T IR Y Mo @A Wk FEAe @ S s
IES], WBFBIRARTE G g Sl |

AEANLAT AR ANy e Reemeaws aeey 5§ s, o1 =
@PT-SZTIBIET SBBAGH-«7, T @dq @M SBiifbAG A Afkifvs, @ @ P
AT SBIBAGH (T BT ORI ([T TNPACE @ T Lo |

Q3 TER, H538, IR Fre@Aed BT Tew i @B (ARGIIE A

give fof fercafecs™, “I have translated your paper and given it to Zeitschrift fur
Physik for publication. It signifies an important step forward and pleases me very

much.” Q@ITH QIRCT SZFBIRCTH 131 92 (APGIICa ey oo g «
BB rieces fof TTE@TA AT & WIRCEH Soife-fore (ofafer, a9
G A BT W 9T PR WM FCAS (T MOl AR A1 fef

JeeIfeees — “That little thing (Einstein’s postcard) gave me a sort of passport for
the study leave ...”| SIRIF 42 (APSFIC MRCAZ T I FICIET IR (ATPS

oA (o |
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Physics Laboratory
Dacca University
Dacca, India

15" June, 1924

Respected Master

| send herewith another paper of mine for your kind perusal and opinion. |
hope my first paper has reached your hands. The result to which | have arrived
seems rather important (to me at any rate). You will see that | have dealt with the
problem of thermal equilibrium between Radiation and Matter in a different way,
and have arrived at a different law for the probability for elementary particles,
which seems to have simplicity in its favour. | have ventured to send you the type-
written paper in English. It being beyond me to express myself in German (which
will be intelligible to you), I shall be glad if its publication in Zeitschrift fur Physik
or any other German Journal can be managed. | myself know not how to manage
it. I shall be grateful if you express your opinion on the papers and send it to me at
the above address.

Yours truly
S. N. Bose

5538 AR Zeitschrift fur Physik (vol 27, 383-393, 1924) fqa Stor@aeas
RSl saaeaie e 201 ©q 92 e IS W WIETnIE e
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RISIFIE EIACHICE 2013 436 B @ a1 (A ==t I WIPoies
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Experience of C. K. Majumdar memorial
workshop on experimental physics
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Workshop-@3 Tetares Agfa v 3 |

Departmental SEMINAR 2018
(4" January)

Speakers: 1. Dr. Partha Goswami (EX. student)
2. Mr. Tanmoy Sen (EX. student)
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FOCUS - Where the generations converge
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FOCUS - Where the generations converge

Departmental PICNIC 2018

(at Disney Land, Chandannagar)
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FOCUS - Where the generations converge

Department of Physics (Former & Present)

Teaching Staff - Permanent
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Abani Bhushan Das

B. B. Dutta

Bimala Prasanna Roy

Deb Kumar Mukherjee

J. N. Sen

Krishnalal Sanyal

Mohini Mohan Ghosh
Satyendra Nath Ganguly
Sukhendu Bikash Chowdhury
Balai Bose

Murari Mohan Som
Priyangshu Sengupta
Sudhir Kumar Ghosh
Gurubandhu Chowdhury
Sushil Kumar Chakraborty
Nirmal Kumar Mazumder
Bilap Kumar Chakraborty
Cittaranjan Dasgupta
Nirmal Kumar Dutta
Sukhomoy Nandi

Provat Kumar Dev

Dilip Kumar Gupta

Pratip Kumar Sen

Ajoy Kumar Joardar
Prafulla Kumar Dey
Indusekhar Kundu

Soroj Kumar Dey
Madhusudan Dutta
Prafulla Kumar Das
Hemendralal Catterjee
Ashok Kumar Mukherjee
Ashok Kumar Sen
Tarakeswar Das

Tarun Kumar Tapadar
Rupayan Bhattacharya
Bhupati Chakraborty
Prasanta Kumar Das
Dipak Kumar Chakraborty
Achyut Kumar Chakraborty
Kartik Kumar Kundu
Dipak Kumar Nath
Swapan Kumar Dutta
Amitava Pal

Aniruddha Roy
Nikhilendu Bandyopadhyay
Suman Kumar Roy

Mitali Middya

Apurba Kumar Bandyopadhyay
Mita Mondal

Samapti Pal

51. Partha Bandyopadhyay
52.  Amiya Bhushan Biswas
53. Kausik Mukhopadhyay
54. Somdeb Chakraborty
55.  Anshuman Nandy

Teaching Staff - Guest

Amit Ganguli

Anjan Pal

Nabakumar Ghosh
Shaikh Safikul Alam
Debabrata Deb
Debabrata Ghorai
Pradip Kumar Mondal
Sudeshna Chakraborty
Prantik Nandi

10. Nabanita Das

11. Injamul Alam

12. Kiritika Roy

13. Kaushik Mondal

14. Debasmita Samanta
15. Tapan Kumar Sashmal
16. Sourav Roychowdhuri
17. Bipul Mondal

18. Debdali Banerjee

19.  Sujoy Kumar Mondal
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Graduate Laboratory Instructor
1. Kalyan Samajpati

Non-teaching Staff

Atul Chandra Nayek

Bishnupada Ghosh
Budhai Ram

Chinmoy Acharya
Dilip Kumar Majumder
Ganesh Chandra Pal
Gopal Maity
Jagnarayan Ram

10. Kalpataru Nayek

11. Panchu Ram

12. Pradip Chakraborty

13. Ramlal Ram

14. Sadhan Chandra Mallick
15. Sanjeev Mondal

16. Taraknath Das

17. Uchit Das
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Baikuntha Nath Paramanik



