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From the HOD's Desk

This is the third issue of our annual magazine from the Department of Physics, City
College. This magazine has contributions from different forays of the academia. The
different literary exhibits, is a testament to the diaspora present in our thought process.
For some it might be too naive, which is very scarce nowadays in our lives, but for those
who want to take a look back at the formative years would enjoy reading it. My students
and my fellow colleagues have worked hard to make this possible. Although I had not
anticipated that this issue would have my message since | was going to retire this
February, | feel blessed to have got three more years to guide my beloved students. | wish
them all the success in life and for the reader | would ask not to judge the literature but to
enjoy the thought behind.

Dr. Mitali Middya,
Head of the Department,
Department of Physics,
City College,

Kolkata 700009
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COMPUTER as the BEAUTY and the BEAST
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"Everything is beautiful until you see the dark side of it."
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Estimation: A Precursor to Measurement

— Bhupati Chakrabarti, Ex. Professor

In a way the act of estimation is an everyday activity. We look at the both ends of the
road while crossing a road and make a judgement whether or not to cross the road. And
this judgement depends on an estimation of a number of things like the width of the road
or the rate of traffic flow and of course the concerned person’s agility. Occasional
crossing of national highways involve different skill of estimation keeping in mind that
the vehicles on the road are moving at a much higher speed. We estimate the time to
reach from one point to another, we make an estimation of food items we should order in
a restaurant looking not only at the number of friends we are having with but also at the
level of their hunger. In fact estimation is an everyday activity and we possibly do it even
without being conscious about it. And for the various spheres of our life we are expected
to develop the habit of estimation even before we have reached our teenage. The amount
of sugar one would get for half a kg of sugar and its difference in the volume of say 100
gram of dried chilli is expected to be a common knowledge that one should develop.

The young students entering the UG classes in a college normally know these
things but the units prove to be quite disturbing. First the students tend to assert their
heights in feet and inches but the weight comes in kg. Area of the apartment comes in
square feet but the distance of the building from the nearest important crossing is quoted
in km. So we get two separate information with units from two different systems. This
may be a bit uncomfortable yet are correct and acceptable. But the things are made worse
when one refers to his height as five seven and weight as 57. A little probe reveals that he
is a bit unsure of the units and have possibly deliberately did not mention them.
Estimation demands not only the ability of anticipation but the knowledge of units as
well. A good number of students cannot come up with a reasonable estimation of say,
length of a table in the laboratory or the pen he is using or the mass of the exercise book
he is carrying. In fact a section of them come up with a number without a unit. Sometimes
the number is fair enough if he/she is ready to put the metre or may be cm as the unit in
the case of a length but once you ask some of them begin to fumble. This was my
experience with some students and definitely not with all when | was teaching in the
physics department of City College. However | am not sure if the students are now taking
the help of omnipresent ‘Google Sir’ for this and are coming up with quite reasonable
estimation.

Google Sir or not let me assure the students that they are not the only culprits.
What | essentially want to stress is that we should try to make the estimation wherever
necessary or whenever there is a scope for because sometimes this becomes the only way
to get meaningful information. We have to remember that we cannot measure anything
and everything but the estimation can help us in this regard.

Suppose you are asked to estimate (remember you cannot be asked to find out) the
number of oxygen molecules in your classroom you know you will only get an order of
magnitude result. It is not possible for anyone to sit down and count the number of
molecules but one can really have a fair estimation even without any measuring device.
Let me tell you how this can be done. Let us make a guess of the approximate dimensions
of the classrooms. If you are doing it with your classmates we can have a few numbers
and possibly you will be able to converge to a number. For example if you guess the
length of the room to be 8 metre some may come up with a proposal of 6 m while some
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may argue in favour of 7m and your classmates may ultimately accept 7.5 m as the length
and | can assure you that is going to be a fair estimation. Then estimate the two other
dimensions of the room in the similar way. Get the volume of the air in the room. You
may leave aside 5 to 10% of this volume keeping in mind that the room has furniture,
students sitting over there and some volume of air has been expelled out. Now the density
of air (1.29 kg m™ at 0° C and may be taken as 1.25 kg m™ at room temperature for easy
multiplication). Use the vapour density of air to get the effective molecular weight of this
mixture of gases and you can reach your answer by using the Avogadro number. | can
assure you the order of magnitude will emerge even if you have not taken any measuring
device. And you would realize that the units are important and you have to be careful
about this.

Finally let me tell you the link between the estimation and units through a story
that is included in the collection of stories involving Emperor Akbar and his famous court
member Birbal. Once the Emperor Akbar and his court members went to a lakeside for
relaxation. While taking an afternoon stroll by the side of the lake the Emperor possibly
wanted to test the ready wit of Birbal once more and asked him “The lake is really very
large, isn’t it?”

“Yes my Lord,” came the reply from Birbal.

“Well” said the Emperor, “Birbal if you can tell me how many cups of water are
there in this lake you will have a nice reward”.

Hope all of us would appreciate that it is indeed a daunting task.

But Birbal really didn’t take much time. He said “My Lord, if the size of the cup is
equal to that of the lake then there is one cup of water, if the cup is half the size of the
lake then there are two cups of water. However if the cup is one quarter of the size of the
lake then it has four cups of water and....”

Emperor stopped him. He knew that we cannot have a cup that has a size even one
thousandth part of the water content in a big lake. He could realize that since a cup does
not represent a unique volume Birbal had been able to identify the tricky route to
estimation. And that tells us why the units are important.
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Dirac’s monopole: Semi-classical treatment by
M. N. Saha

— Amiya Bhushan Biswas, Ex. Professor

P. A. M Dirac presented[” for the first time (1931) an intriguing suggestion (which we
will examine below) for the appearance of magnetic charge or monopole in the early
development of quantum electrodynamics. Since then the search for monopole is renewed
whenever a new domain of energy is available in the field of high energy physics. Inspite
of continuing and extensive searches no positive evidence for the existence of magnetic
charges has been observed. However, it turns out that there are some expectations from
quantum field theory [QFD] say, super-string theory that magnetic charge may exist.

The material that I am going to present here is freely borrowed from the section
6.11 and 6.12 of Jackson’s classical electrodynamics (Third edition)®. Following Dirac
here | give some outline of how the concept of magnetic charge would affect the classical
electrodynamics and then consider the semi-classical means due to M. N. Sahal® that
leads us to illuminate the Dirac’s charge quantization condition.

®m Dual Transformation
We first consider some necessary preliminaries. Within the framework of classical
electrodynamics [in CGS Gaussian system of units] the Maxwell’s equations [with widely

accepte symbols for electric and magnetic fields (E and B) and, electric charge- and
current-densities (p and ] )] read

<

E= 4rp
10B

c ot

<
mj

X

<l
!
Il
o

4r - 10E
v = e
CJ ot (1)

<
X
|
Il

One must note that there is asymmetry in these equations in that there are electric charge-
and current-densities but the corresponding magnetic densities are absent. Let us assume
that there exist, in addition to electric densities, the magnetic charge- and current-
densities. The Maxwell’s equations would then become

VxB=—j +-— (2)
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where I have used subscripts ‘€’ and ‘m’ to distinguish the electric and magnetic

densities. The equations for E and B are now similar. This similarity can be utilized to
introduce the duality transformations

E'=Ecos&+Bsiné
B'=—Esin&+Bcosé ..(3)

where & is an arbitrary parameter, may be called ‘angle’ (not a physical angle). If now one
assumes similar transformation for the source densities,

p.'=p,cos&+p, siné

P =—p.SINE+ p, cOSE ...(4a)
and,

Jo'=J.c0s&+ j, siné

J,'=—J.sin&+j, cos& ...(4b)

It becomes a straightforward algebra to show that the generalised Maxwell’s equations
(2) with magnetic densities pn and j_ remain invariant under these duality

transformations. If & = 90°, the electric and magnetic fields as well as densities are just
interchanged:

E'=B; B'=-E
IOeI:IOm; pmlz_pe
Jo' =l dn'=—1Jo (ifE=90%) ...(5)

The invariance of the generalised equations of electrodynamics under duality-
transformations shows that it is a matter of convention to speak of a particle possessing an
electric charge, but not magnetic charge. One interesting possibility is that all elementary
particles have same ratio of (their own) magnetic charge (qm) to electric charge (ge).

R, = 90 _ const ...(6)
9

Then an ‘angle’ & can be found for which p,'=0. Such a case of magnetic charge would

be transformed away, giving the world as we see today with no observed magnetic charge
or magnetic monopole.

B Dirac’s charge quantisation condition:
Semi-classical derivation by M. N. Saha

Dirac showed in 19311 that, anywhere in the universe, the existence of even one
magnetic charge would require that electric charge be quantised in a consistent quantum
mechanical theory. The observed quantisation of electric charge (ge) in integral-multiple
of electronic charge (e) has been an attractive argument for the actual existence of
magnetic charge (gm) in unit of monopole charge say, g. By considering quantum
mechanics of an electron in presence of a magnetic monopole of charge g, Dirac showed
the charge quantization condition,
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ﬂ:nﬁ; n=+1+2,-. ...(7)
C 2

Our aim is now to rederive this condition semi-classically following M. N. Saha®!.

We consider the case of a single point magnetic charge (i.e. a monopole) g at a

distance d from a point electric charge e as shown in Fig.1. There is an electric field at
the field point,

[ ..(8)
r

and magnetic field,

g-9r=9d)
r-dF

..(9)

The total electromagnetic field angular momentum L, is given by the volume integral of

rxPr where

, - ExB
P Pr =
i, paimt 4drc

...(10)

is the field momentum density (connected with

the pointing vector S =4LE><§ by the relation
T

~l - S
/ PF=C—2).Hence

Fig. 1 A system of electric charge (¢)
and a magnetic charge g separated by Lem = 1 J‘ I x (E N g)d 37
a distance d = ‘a ‘ The electric charge

rx(rxB) s
= d? r
47zc-[ r

J~(r B)r—

(e) is placed at the origin.

using (8) ..(12)

47zC

A

r. . o S
where I = . is the unit vector along the direction of r [Fig.1].

We now use the vector identity,

.(12)
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This gives
122 . A . 2
F[r(r-B)—B]:r(V-B)—V-(Br) ..(13)
With the use of (13), the Eqg. (11) becomes

Lon = [[r(V-B)-V-(BN)]d°F (14)
47rc

The second integral on the right side of (14) can be converted into a surface integral (with
the application of divergence theorem) and can be made vanishingly small in the limit
I —oo. Then, we have

— e A L
Lem =—r VB d3F 15
o Jrv-B) (15)

Since we are dealing with a point monopole of charge g at ¥ =d [Fig.1], we have
V-B=47g5%(r—d) ...(16)
Plugging this result into the right side of (15) yields

Eem zﬂj?53(F_a)d3F: €

g - d
d; d=— (17
. q (17)

The above equation shows that the combination of magnetic and electric charge
has an angular momentum which is independent of magnitude of separation-distance

d= ‘J‘ between e and g,

L. = Len |=% (fixed) ..(18)

Quantum mechanically one may now put the quantisation hypothesis for angular
momentum in units of #/2. This dictates that

L.=—=n—; n=+£1%2,--- ..(19)

which reproduces the Dirac’s charge quantization condition (7). Discrete nature of
electric charge thus follows even from the existence of a single monopole. The smallest
value of |eg/c| would be the case forn = 1.

The electric charge e satisfies the condition,

L S .(20)
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where the dimensionless quantity o is called the fine-structure constant® (because it
corresponds to the ratio of atomic fine structure energy-splitting to the principal quantum
number energy splitting) and is taken as the measure of the strength of electromagnetic
interaction. From (19) and (20), it follows that the smallest value of magnetic charge
would satisfy the “magnetic fine structure constant”.

2 ==L .(21)

Such monopoles are commonly called the “Dirac monopoles”.

Since a is a small number (a=1/137), the basic electromagnetic interaction is
relatively weak (relative to strong interaction, the strength of electromagnetic interaction
is of the order of 10). However it has strong consequence because of its long range
(~1/r?) and that huge number of charges can participate in this interaction. Equation (21)
reveals that the magnetic coupling strength is enormous (even greater than or of the order
of strong-interaction). This fact is used in search of magnetic monopoles whenever, as
stated already, new energy range is opened up in high energy domain. So far we have
only negative evidence.

You never know what is enough until you know what is more
than enough. - William Blake
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2
$ In SI units, o =

2 hc. Most precise determination (in the year 2000) gives
g,

1
o= .
137.036
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— Sanchali Saha, 2™ year
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