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Remembrance

Prafulla Kumar De joined the department of Physics of City College as a
‘Demonstrator’ in the year 1950. Subsequently he became lecturer in Physics and was in
teaching for more than 41 years. He retired from this Institution on September 1990.

In 2017, when the first reunion of the Department of Physics was planned, we
invited him to join us in the programme. We also requested him to contribute an article in
the first departmental magazine, - “Focus - where the generations converge”, sharing his
golden memories associated
with the college.

At the age of 92
years, it was not possible
for him to join the reunion
programme travelling
through a long distance
from his residence at
Chandannagar. But he was
happy to accept our
invitation and contributed a
nice article, -“Walking
down the memory lane”- in
the first issue of the magazine. An audio-visual message for the department from him
was arranged in the reunion ceremony. All of the members present in the function
enjoyed the beautiful speech and were blessed with his good wishes. His feelings in his
own words- “--------- Till today, even though many years have passed since my
retirement, your wish to have my participation and presence in any of the functions of our
college, delights me and provides a sense of peace in my mind, that I could really receive
such a recognition from you, in such a touching manner. My sincere thanks to all of you
and best wishes for your future”. We all were very happy to receive such a nice response
from him and will remain grateful for his spontaneous participation and cooperation,
overcoming the barrier of age.

Unfortunately, we will never get another opportunity to interact with him in
future. Following the laws of the Universe - which everybody has to accept - he left us
forever on 21st April, 2019. We believe, he is, and will remain with us, in our memories,
forever.
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Thoughts of a growing Physicist
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Allow me to submerge myself
in this holy world of knowledge and intelligence.
The earth is not for me,
As | have my own planet to live.

Who would like to do conspiracy and hatred!
With someone like me who don’t bother and is straight.
Torque, equation, force and polar coordinates,
You are now my best friend and will be always.

Don’t think I am mad just take me as a native to black hole
Who want to stay submerged in that intense gravity with its goal.
I am not self-sufficient probably,

As I sometimes need a planet or star’s gravity immensely.

To change the direction of my thoughts and way
As I’m travelling in the vast space and far away.
One day I will find an astounding astronomical body
For that day a warning to the world, “get ready”.
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Dark Matter: Why does it matter?

~ (/z C/////////(// . ////2//4: Cr e////(%///

Let us begin with the old age question, "What is our universe made of?" In a real night
sky, if you see through a telescope, you can see a lot of stars, planets, or even some other
galaxies. All these things are made up of electron, protons, neutrons. But, is that all? The
answer is "No"! In 1933, Fritz Zwicky, a Swiss astronomer, wanted to estimate how much
matter is there in a galaxy cluster, namely coma cluster. How can we determine the total
mass of any galaxy? Well, there are many different ways to do that. He estimated the
mass of this galaxy cluster, based on the light they emitted. If one can measure how much
light is coming, then one can estimate the total number of galaxies present in that cluster.
As we know the typical mass of a galaxy, we can find out the total mass by multiplying
the number of galaxies with the mass of a single galaxy. He found that this cluster has
800 galaxies in it, and the typical mass of a galaxy is 10° M. However, being a good
scientist, he wanted to cross-check his result and used a different technique to measure the
same quantity. We know that gravity depends on mass. So the total gravitation potential
of the coma cluster depends on the total mass of the cluster. He assumed that the cluster is
in equilibrium system and used the Virial theorem, which allows us to relate the kinetic
energy of a particle propagating in a gravitational potential. Mathematically, one can
write,

K.E.= 1PE
o Law = 2 L~

Without going into the mathematical details, one can easily understand that the
potential energy (P.E.) will depend on the total mass of the system. Now, if you know the
velocity of the particle, you can find out the kinetic energy and calculate the total mass of
the cluster by using the above equation. There are ways to find out the typical velocities
of a star in the cluster, and hence one can find out the total mass of the cluster.
Interestingly, he found out a discrepancy between the two results. The result from the
second method (M;,) came out to be 500 times greater than the result from the first
method (M,). This was back in 1933. Modern calculation shows that actually M, = 50
M. Zwicky got the distance wrong in his calculation. An important point to note is that
the first method relies on the luminous matter (which emits light), whereas the second one
completely depends on the gravitational potential. So, what does it mean? May be we are
missing something in our first method; may be there is something in our universe which
does not interact with light and hence not contributing in the first method. He named this
"something" as Dark Matter.

The idea of dark matter was largely ignored until the 1970s when astronomer Vera
Rubin saw something that gave her the same thought. She was trying to study the velocity
of stars moving around the center of our neighboring Andromeda galaxy. She expected
that the stars at the edge of the galaxy would move more slowly than those at its axis. The
reason is that the stars closest to the bright and, therefore, a massive cluster of stars in the
center would feel the most gravitational pull. However, she found something else. The
stars on the margins of the galaxy moved just as quickly as those in the middle. This
would make sense if the disc of visible stars were surrounded by an even larger halo made
of something we couldn't see: something like dark matter.
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There exist many other observational evidences which suggest the same thing. In
fact, according to the recent data, almost 85% of the universe's matter content consists of
dark matter. Is it not strange? Everything we can see with telescopes makes up just about
15% of the total mass in the universe. Most of the material of our universe is made of
something entirely different than you and me. The interesting thing is that dark matter is
all around us. Without it, the universe as we know it would not exist. Whatever structures
in the universe like stars, planet, galaxies, and clusters of galaxies, nothing would form
without dark matter. In short, we could not exist without it. So, it is really important to
know what it is. You will be surprised by knowing the fact that dark matter particles are
probably going through our bodies right now.

You can ask, then why can't we detect it? As you understand, it isn't very easy to
detect something without knowing anything about it. To detect dark matter, we have to
know how it interacts with our known particles. We can study something unknown by
looking at the imprints of it in the known world. Unfortunately, we don't know how dark
matter interacts. We don't know what the exact mass of the dark matter particle is. We
don't know what kind of particle it is: scalar, fermion or a vector boson. These are the
open questions of particle physics. Scientists are looking for answers to these questions.
There are many great ideas, and based on those ideas, different experiments are running
in different parts of the earth, to find out the answers to these unsolved puzzles.

How can we detect dark matter? Well, there are three different ways to detect it. As
dark matter particles passing through the earth, there is a finite probability that dark
matter particles can come and hit a target material. | have already mentioned that dark
matter has almost negligible interactions (if it interacts at all) with the visible particles, we
need to design some highly sensitive experimental set-up. Scientists have built some
underground experiments to avoid all kinds of background and to maximize the
probability of detection. We are also trying to produce dark matter in the proton-proton
collider at large hadron collider (LHC) just like we detected Higgs boson in 2012. We can
also get some information about dark matter by detecting photons coming from different
directions in the sky, known as indirect detection.

However, so far, none of those mentioned above experiments gave a positive signal.
Hope is essential and we are hopeful! Despite all these negative results, we hope to see
the so-called dark matter in coming future.

Postdoctoral Researcher, School of Physics,

Korea Institute for Advanced Study, Seoul 02455, South Korea.
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‘Universal Responsibility
- ///// /é/i(///((‘ ////J/J;////K/

Having known about the truth of ever increasing entropy we, human beings, the most
intelligent amongst all living beings can do best for deaccelerating the pace of ongoing
mixtupness. It is natural and theoretically approved of having more and more randomness
in nature which also includes our life and also decides our future. It is not that only usable
energy is decreasing but if we look closely we can definitely find out that our thinking,
feeling, psychologies are also getting distorted from that form which they were inherited
from the superpower at the time of creation of universe in the moments of Big Bang.

Now on the journey from Big Bang to present moment human have acquired
knowledge of past happenings, present doings and future plans. But it is not true
universally for all people. Many are illeterate, some are selfish to overlook the situation.
Here comes the responsibility of us being blessed with behavior changing tactics called
education. We have to come forward as problem solvers that can be trivial as household
problems or may be massive as holding the sustainability of endangered universe.
Enhancing self knowledge and imparting it to others is the basic. The gateways are
already established in form of schools, colleges, universities, social awareness
programmes and so on. Habits starting from making a stop at unnecessary usage of
energy in our homes to creation of laws in support of greenary should be inculcated
together. We have many better plans available for sustained living but still we harm our
environment and our educated soul too. It is upon us to take the universal responsibility as
of our own responsibility.

Assistant Teacher (Physical Science),
Dangram IC High School, South Dinajpur.
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Ggravity in Quantum Mechanics and
Ggravity-induced quantum interference

/) \ YA ARG, g
- (// . 9 //Ny// //))4/11///// {//))/}/////J ///3//?«/ .%/ /1/1(/

In addition to the strong, weak and electromagnetic forces that play the significant role
for the interactions between the elementary particles, there is, as we know, a fourth force
of nature - the gravity. However gravitational interaction between elementary particles
(on the microscopic scale) is, in practice, so small compared with the other three that it is
usually ignored.

To appreciate the difficulty involved for observing "gravity" on the microscopic scale (for
micro-particles) here we considered a system of an electron and a neutron bounded by
gravitational force may be called a "neutron- atom". This is the gravitational analogue of
hydrogen- atom (H- atom) in which an electron and a proton are bounded by Coulomb
force. For a given distance, the gravitational force between an electron and a neutron is
weaker than the Coulomb force between an electron and a proton (proton mass = neutron
mass, M,) by a factor ~10*°. The Bohr-radius of the neutron atom would be
h2 h2

(GnmeMy)me - GngMn

~103tcm(!) (1a)

(ag)e-n =

Where notations are as usual (G, is the Newton's gravitational constant). On the other
hand, the Bohr- radius of H- atom is
2
(ao)u = —— =53 %107 cm (1b)

e?

We note that (ay),_, is of the order of 1013 light year, which turns out to be much
greater then the estimated radius of our universe!!

However, gravity does not remain deaf and dumb in all the arena of physical phenomena
exhibited by micro (elementary)- particles. In fact, there is a remarkable phenomenon,
known as the gravity- induced quantum interference which has already been confirmed
experimentally. Such an extra-ordinary experiment was first conducted by R. Colella, A.
Overhauser and S. A. Werner in 1975 with brilliant success [Ref[2]: Phy. Rev. Let. Vol-
34, No. 23, 1472 (1975)]. Henceforth we refer it as "1975- experiment". Before
discussing the marvellous phenomenon stated above and its experimental observation,
we first comment on the usual role of gravity in both (non-relativistic) classical- and
guantum-mechanics.

Let us consider the classical equation of motion for a purely vertical (-z- direction) "free
fall" of a body of mass m under gravity',

N

5 —
mz = —mV®y,,, = —mgz
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or, zZ=-g2 )
Where mass- factor is dropped out without any objection.
This is also true if we use Hamilton's principle of least action:

0= S[Ittlz L(z,z)dt; L(Lagrangian) = %mz-z —mgaz

= [fttlz G mz? — mgz) dt (3a)
where , as in Eq (2) mass- factor can again be eliminated to give
ty (22
5! (5-gz)at=0 (3b)

The situation is however different in quantum mechanics. The quantum- mechanical
analogue of the equation (2) is

o 0P _ n? 92
lhE = Hll} = [_%ﬁ-{_ m(pgrav]llj (4)
. hoy n? 92

Or, v =g+ Poras| ¥ ©)

where mass-term can no longer be eliminated. Rather, it appears in combination of h/m.

Thus, to see any non-trivial quantum mechanical effect of gravity, one must study the
effects in which not only the Planck constant h appears explicitly but also there appears
the mass m. Until 1975, there had been no direct experimental evidence for the presence
of gravitational term mdg,,, in the wave equation. The famous experiment "weight of
photon™ of V. Pound and collaborators did not test gravity in the quantum domain. The
effect of mdg,.q,- term is first observed in "1975 experiment” of R. Colella and his
collaborators using thermal neutron- interferometry. We now discuss this remarkable
experiment.

In 1975- experiment, a nearly mono-energetic beam of thermal neutrons was split, as
shown in Fig.1, into two paths A - B — C and A — D — C and then brought together at
the point C to produce interference. In actual experiment, neutron-beam was split and
bent by silicon crystal (*details of the complicated design of neutron interferometry do
not concern us). Loop dimension was taken of the order of 10 cm? (macroscopic size)
whereas de-Broglie wavelength of thermal neutrons (mono-energetic nearly) was taken of
the order of inter- atomic Spacin% of silicon crystal(~1.4A) to allow diffraction scattering.
Finally particles are detected by “He-detector. We now discuss the phenomenon "gravity
induced quantum interference".
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Since a particle (neutron) in the
beam can be visualised as a
wavepacket whose dimension & oC
(~1.4 A) is much smaller than 7 B /‘h//r - Skn "
the dimension of either of the ¢
two alternate paths, forming the A /'/ 3
loop ABCD, We can apply the / :

concept of classical trajectory. =

Let us first assume that the paths Fig.1 Schematic arrangement of 1975 experiment to detect
A->B—-C andA—- D - C lie gravity induced Quantum interference here C is the point in the
in the same horizontal plane interference region. The plane ABCD is assumed horizontal.

; AB'C'D is the same plane but rotated through an angle 6 (-90°
ABCD'. Sl.nce the abSQIUte Z€ro <0<90°%) relative to the path AD. Here AB = DC = AB' =
of gravitational potential has no DC' =1, AD = BC = B'C' = I,

physical significance we can set

Pyrav = 0 on the horizontal plane ABCD. Hence the two wavepackets when come to the

point C along the two alternate paths (one along the path A - B — C and the other along
the path A - D — C possess no relative phase difference which could be induced due to
difference of their potential energies.

The situation, however, becomes different if the plane ABCD formed by two alternate
paths A > B - C and A - D — C is rotated around the path segment AD by an angle
say, 6 > 0 [Fig.1]. We label the new paths as

(A-B-0) - (A->B'-(C)
(A-D-0C) - (A->D-C(C)

where the lengths of the path-segments do not change but the new path B'C' is at higher
level relative to the horizontal path AD ( or, the plane ABCD) with vertical separation

[Fig.1],
h = DC'sin 6 (6)

As shown in Fig.1, we take the lengths of the path-segments as

AD =DC =AB'=DC' =1,
AD =BC=B'C' =1, @)

We now write the gravitational potential energy of the neutrons at the label B'C’
AVyray = Mpgh = M,gDC's"% = M, gl, sin@ (8)

where M,, is the the neutron mass, as before. Since this potential energy is higher than that
of neutrons along the path AD, it will lead to a gravity induced phase difference between
the amplitudes of the two wavepackets arriving at the interference point ¢’ when one of
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them travels along the path A - B’ — €’ and the other one covers the path A - D - C'.
Infact, gravity also induces phase change for the pahts A —» B’ and D — C' but by equal
amounts at each level height. Since we are comparing two alternate paths, the above
stated effect cancel each other. The result is that the wavpacket arriving at the interference
point C' along the path A — B’ — C’ possesses an additional 6-dependent phase factor,

e TiWarar] = expl—L (M, gl, sin 0)A¢] ©)

where At is the time spent for the wavepackets to go from B’ to C’ (or, A to D). This gives
the net phase-difference for the two interfering wavepackets at the point C’,

(AD)y = [(DAB'C - (pADC'] = - % (Mgl sin§)At (10)

One can now control this phase-difference by continuously changing the angle(8) of
rotation of the loop-plane ABCD from 6§ =0 to§ =7/, or 6 = =T/,

Before calculating the numerical values of (A®), for various values of 6, we express the
time interval At in terms of de-Broglie wavelength A = A1/2m. Since At = lz/vW where

v,, IS the velocity of the web packet corresponding to its momentum p,,, we have
MR
" h

Which is typically of the order of 10~*s for [~5cm and A~1.4A (At is much less than the
the mean life-time of neutrons. Use of Eq.(11) in Eq.(10) allows us to write

At (11)

(a0)g = — [ sin g (12)
We can now predict and observable interference effect that depends on angle 6. It is
interesting that the magnitude of (A®), is of right order for detection with thermal
neutrons travelling through the path-length ~few centimetre. Inserting the numerical
values of M,,, g and h and taking (nearly the values as used in 1975-experiment), [;1, =
10 cm? and A1 = 1.42A (comparable to the inter-atomic spacing in silicon crystal) we
obtain

MAghl » 55,88 (13)
and
(A®)y = 55.88sin6 (14)

Now as the plane of the loop ABCD is gradually rotated by 90° the intensity in the
interference region is expected to show a series of maxima and minima. Quantitatively we
should find 9 oscillations,
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5588 o (15)

2T

The results obtained in 1975-experiment of R. Colella et.al are found in agreement with
all these predictions. The numerical results of this experiment are shown in Fig.2 for 0-
values lying in the range |8| < 30°. (This experiment was performed at the University of
Michigan using Ford nuclear reactor. For details see Ref.[2])

The result demonstrates that is gravitational potential coherently changes the phase of a
neutron wave function. What we
must emphasize is that the gravity
interference is purely quantum
mechanical because as h—0, the
interference pattern gets washed
out. This experiment also shows
that the gravity is not purely
geometric at the quantum level
because the effect depends on the

1200 |~

factor (m/h)z. It also makes sure — L1 L

. .. . -3¢ =28 —10* o° 10* 26 30°
that there is no distinction between 08—
gravitational and inertial mass Fig. 2 Dependence of gravity induced
(otherwise we would have to phase on the angle of rotation 0 of the

. magm;

replace the quantltyhﬂ2 by g—z). neutron beam loop.
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