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Study of Reflection of Light by a Moving Mirror Using

Mixed Number Lorentz Transformation
Dr. Md. Didar Chowdhury”
Dr. Md. Shah Alam™

Abstract: Mixed number is the sum of a scalar and a vector quantity.
It has satisfactory algebra. In terms of Mixed number, a type of most
general Lorentz transformation can be derived which we called the
Mixed number Lorentz transformation. In this paper we have
derived the formula for reflection of light by a moving mirror using
Mixed number Lorentz transformation. We have observed that in the
case of most general Lorentz transformation, the formula of
reflection of light by a moving mirror is very complex but in the case
of Mixed number Lorentz transformation, the formula of reflection
of light by a moving mirror is very simple.

Keywords: Mixed number; Mixed number Lorentz transformation;
Reflection of light; Moving mirror.

1. Introduction
1.1 Mixed Number
Mixed number®, ¢ is the sum of a scalar x and a vector A, i.e.

o = X + A . lIthas satisfactory mathematical tools .

Two Mixed numbers & and /3 are equal if x =y and A =B.

The addition of two Mixed numbers can be written as
a+ B =(x+y)+(A+B) 1)
wherea:x—k,&andﬁ: v+ B.

* Department of Physics, Govt. Teachers’ Training College, Sylhet, Bangladesh.
** Department of Physics, Shahjalal University of Science and Technology, Sylhet,
Bangladesh.
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Mixed number, o =X+ A= (x+ A |A+A2 j+ A IZ) ,  where X,
A , A, and A, are scalar values and I, J and K are basis or
unit Mixed numbers. The product of two Mixed numbers @ and g is
defined as

aff=(x+A)(y+B)=xy+A.B+xB+y A+i AxB (2
where A . B is the scalar product and Ax B is the vector product of the

vectors A and B . The product of Mixed numbers is associative i. e.

(ap) y =a (By) (3)

where p = z + C is another Mixed number. Taking x =y = 0, we get
from equation (2)

A®B = A.B + i AxB (4)
[The symbol ® is chosen for Mixed product]
The equation (4) is called the Mixed product of two vectors B,

1.2 Lorentz Transformation

1.2a Special Lorentz Transformation

Let us consider the two inertial frame of reference S and S’ where S is at rest
and the frame S’ is moving along X-axis with velocity V with respect to S
frame. We have assumed that the origins of both the frames S and S’ coincide
at the timet = t’ = 0. The relation between the coordinates of S

(x,y, z,t)ands (X", y’, 2", t"), which is called the

special Lorentz transformation'®, can be written as

X'= y(x—vt) (5a)
y'=y (5b)
[z = 7] (5¢)
t"=p(t—vx) (5d)
Where 7 = >
v
1——
-3

1.2b Most General Lorentz Transformation

When the velocity V of g’ frame with respect to S frame is not along X-axis
i.e the velocity V has three components V., V,, and V,, then the relation
between the coordinates of S and s’, which is called Most general Lorentz
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transformation!, can be written as

r= PV (-1 -] (62)
t" = y(t—r.v) (6b)
where}/Z—2 and c = 1.
\'
1--)
c

If VX’ Vy and VZ denote the components of the velocity of the system S’

relative to s , then equation (6a) and (6b) can be written as

2 Vv,V
X ={1+(y—1) Y Ix+(y—1) L y+ (y—1) Xz 7 —y, yt (7a)
\V/ \V/ VvV
, V.V, \/2y vV,V,
Y'=(r-1)——x+{1+(y-1) 5 }y+(r-1)—5—z -V, rt ()
VvV V VvV
v,V V,V, 2,
'=(y-1)—>*x+(r-1) y2 y+{1+(y-1) V2 Yz —v,yt (70
Vv \V4 VvV
t'=—py VvV, X—yV,y—yVv,Z+yt (7d)

1.2c Mixed Number Lorentz Transformation

Let us consider the velocity V of S’ frame with respect to S frame is not along
X-axis i.e. the velocity V has three components Vy, V), and V,. Using Mixed
number algebra, the relation between the coordinates of S and S’ which is

called Mixed number Lorentz transformation®1°

I can be written as
r = p»p(r—tv— i1r x<v) (8a)
t" = y(t—r.v) (8b)

where ' and I’ be the space part of S and S’ frames respectively.

If VX’ Vy and Vz denote the components of the velocity of the system S’

relative to s, then equation (8a) and (8b) can be written as

X'=py{X—-tv, —i(yVv, —zvy)} (9a)
y'=y{y—-tv, —i(zv, —x V,)} (9b)
z'=y{z—-tv, —1(XV,—yV )} (9¢)
t =) ((t—XV,—-YyV,6 —2ZV,) (9d)

8-10]

And using inverse Mixed number Lorentz transformation 1%, we can write
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x:y{x'+t’vx+ i(y’vz—z’vy)} (10a)

y=3{y +t vy+ i(z vV, XV,
z=y{z +th + 1 (X vy

t =y (t +X'V  +y vy

2. Reflection of Light by a Moving Mirror

’
—VYV
y X

+ z’vZ ) (10d)

)} (10b)
)} (10¢)

2.1 Law of Reflection of Light by a Moving Mirror in the Case of Special Lorentz

Transformation

Let us consider two systemsS and s’, the latter

moving with velocity v

relative to former along X — X' axis. Now consider a mirror M to be

fixed in the Y’ — Z” plane of systemS’. For simplicity consider the mirror

to be perfectly reflecting, moving in the direction
systemsS’

of its normal relative to

Yoy
Wy

.

Fig 1: Reflection of light by a moving mirror where a mirror M is fixed in the

Y’ — Z' plane of system S’ .
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1in the case of special

The law of reflection of light by a moving mirror
Lorentz transformation can be written as-
singg _ sing,

cosg+v ¥ (COSH,—v)

(1)

2.2 Law of Reflection of Light by a Moving Mirror in the Case of Most General
Lorentz Transformation

Let us consider two systems s and S’ where the system S’ is moving with
the velocity v with respect to the system S along any arbitrary direction i.e.
the velocity of v have two components V, and V,,. Now consider a mirror M
to be fixed in the Y’ — Z’ plane of systemS’. For simplicity consider the
mirror to be perfectly reflecting, moving in the direction of its normal relative
to systemS’.

The law of reflection of light by a moving mirror in the case of Most
general Lorentz transformation’” can be written as

7vy v2 +sin ¢1V2 +(7_1)vay Cos ¢1+(7/—1)v2y sin ¢,

2 2 2 . =
;/va +00s ¢, V= +(y-1)v=x cos ¢1+(y—1)vxvysm ¢
A v2—sin¢ v2+(y—1)v Vv, COS ¢ —(;/—1)v2 sin ¢
y 2 X'y 2 y 2
5 (12)

YV, V" —cos ¢2v2 +(7—1)vxvy sin ¢2—(y—1)v2x cos ¢

2.3 Law of Reflection of Light by a Moving Mirror in the Case of Mixed Number
Lorentz Transformation

Let us consider two systems s and S’ where the system S’ is moving with
the velocity V with respect to the system S along any arbitrary direction i.e.
the velocity of V has two components V, and V,,. Now consider a mirror M to
be fixed in the Y’ — Z’ plane of systemS’. For simplicity consider the mirror
to be perfectly reflecting, moving in the direction of its normal relative to
systemsS’.

Let the corresponding angles of incidence and reflection as measured by
observer in system [S] be [¢1] and [¢2]. For measuring the angles, we shall use
the convention that all angles between positive X -axis and the positive
direction of travel of light are positive. According to this convention angle of
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incidence is [(7r+go’)]in system S’ and [(72'+¢1)] in systems; while the angle
of reflection is [(er - (p’)] in system S’ and [(27r - ¢2)] in system S .
Let the incident ray in system S and S’ be represented by  and y' where

Xcos(z+g)+ysin(z+
v = Aop 2y TSI ) (13
and W,:%'exp[zﬂiv,{t,_xcos(;r+¢):y S|n(7r+¢)}] (14)

where v and V' are the frequencies of the wave as observed from systems s
and S’ respectively. As phase is a Lorentz invariant quantity, using equation
(13) and (14) we must have

X COS +ysin ,.., XxXcos ¢ +y'sin ¢

Using c=1 we get from equation (15) can be written as
v{t+xcos ¢ +ysin @ }= V{t'+x'cos ¢ +Yy'sin ¢} )
Now using equations (9a), (9b) and (9d) in equation (16), considering the

v{t+

velocity of v have two components V, and V,,, we get

v{t+xcos ¢, +ysin ¢, }= v’{y(t—xvx —yvy)+y(x—tvx)cos d+y(y —tvy)sin ¢

[as v, — o and z=0] (17)
Y Y/v v '
A )k
S’
S
M

o

V4

Fig 2: The system S’ is moving in any arbitrary direction with velocity V relative to the
system S where a mirror m is fixed in the v’ — z’ plane of system S’ .



I« A0 TS ST o D

Equating coefficients of T in above equation (17), we get

v = vp{1l—vy cos ¢’—vysin S} (18)
Now equating coefficients of x in equation (17), we get
v C0S ¢ = v’{—;/vX +ycos ¢'} (19)
Using equation (18), we get from equation (19)
cos ¢' —v
cos ¢, = X (20)

1- Vx cos ¢' — vysm ¢

Now equating coefficients of , in equation (17), we get

vsin ¢, = v'{ — ;/Vy +ysin ¢'} (21)
Using equation (18), we get from equation (21)
sin ¢ —v
sin ¢ = Y (22)

1- vX cos ¢’ — vysm 17/

Combining equations (20) and (22), we get
sin ¢’ —v

tan ¢, — b4 (23)
Cos @' — vy

This equation (23) gives the exact relativistic aberration formula. Now using

equations (10a), (10b) and (10d) in equation (16), considering the velocity of
v have two components V,, and V,, , we get

V_ +COS ¢
cos ¢’ = X , (24)
1+vX cos ¢ + Vy sin ¢,
vy +sing,
and sing’'= (25)

1+v cos ¢, + Vv sin
y €08 dy v sin gy

Combining equations (24) and (25), we get
sin g, +v
h y

tang'= W (26)

Similarly for reflected ray the relation between angle of reflection in systems
sand S’ is obtained as
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sin ¢, +Vv

tang = —— 27)
COS -V,

From equations (26) and (27), we get
sin ¢, +V sin ¢, +V

= 28
COS gy+V ~ COS gp-V (28)

This equation (28) is the law of reflection of light by a moving mirror in the
case of Mixed number Lorentz transformation.

3. Comparison of Reflection of Light by a Moving Mirror in Special, Most General
and Mixed Number Lorentz Transformation
The law of reflection of light by a moving mirror in the case of Special Lorentz
transformation
sing, sin ¢,

COSp,+v  y(COS¢,—V)

The law of reflection of light by a moving mirror in the case of Most general Lorentz

transformation

2 L qin a4y 12 v V2 sin oV 4 (7-1)V v 008 g~ (7L sin
AR hve+(r 1)vxvycos¢1+(y 1)vys|n ¢1: ™y o= +(r )Xy dy-(r )y ¥y

2 2 2 . 2 2 C 2
AN +(y—1)vxcos ¢1+(;/—1)vxvys|n AN oV +(r 1)vaysm go=(r 1)vxcos )

and the law of reflection of light by a moving mirror in the case of Mixed
number Lorentz Transformation

sin ¢, +Vv sin ¢, +V

COS y+V ~ COS gV

4. Conclusion

We have derived the formula for the law of reflection of light by a moving
mirror using Special Lorentz tranformation, Most general Lorentz
transformation and Mixed number Lorentz transformation. We have
observed that in the case of Most general Lorentz transformation, the formula
of the law of reflection of light by a moving mirror is very complex but in the
case of Mixed number Lorentz transformation, the formula of the law of
reflection of light by a moving mirror is very simple. Therefore, we can
conclude that Mixed number Lorentz transformation is more appropriate for
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the study of reflection of light by a moving mirror when the mirror moves in
any arbitrary direction instead of X — axis.
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ISSN 2707-9201
The Simple Alternative Proof Regarding the Kissing

Number Problem”
Probir Roy™

Abstract: In this paper, we are trying to prove that the kissing
numbers k(n) in one, two, and three dimensions are 2, 6, and 12,
respectively. Also, we will be able to measure the unused area and
volume while using circle and sphere packing, aiming to find the
kissing numbers in different dimensions through this article. From
the conventional exhibited model, we can easily understand how
many kissing numbers are in the one, two, and three-dimensional
space, but sometimes its mathematical explanation seems complex.
We are hopeful that by using area formulae, the formation of
inequalities, volume formulae, the process of arrangement of
things, and mathematical logic, we can reach the proof. This short
article is neither a complete research article nor an academic one.
It is analogous to a combination of research and academic article
type, and this endeavor is suitable for newcomers to this topic,
especially for junior readers.

Keywords: Circle; Sphere; Newton; Gregory; Kissing; Area;
Volume.

1. Introduction
The idea of kissing numbers originated with Sir Isaac Newton. For this
reason, other names of kissing numbers are Newton's number and contact

* Dedication: We have dedicated this paper to Raja Girish Chandra Roy, the great
founder of Murarichand College, Sylhet, Bangladesh & Syed Abdul Majid
(Kaptan Miah) CIE, the political leader and Minister of the then Assam province
in British India.

™ Associate Professor, Department of Mathematics, Murarichand College, Sylhet-
3100, Bangladesh.
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number. The maximum number of non-overlapping unit spheres where each
can kiss or touch a central unit sphere is known as the kissing number.
Conventionally it is denoted by the symbol k(n). A famous debate was arisen
on the Cambridge University Campus in 1694 between Sir Isaac Newton and
David Gregory regarding the kissing number in three dimensions. Newton
determined that the kissing number in three dimensions is k (3) = 12, but
Gregory thought it isk (3) = 13, and he said that in-between spaces of
spheres, there is enough space to insert the 13" sphere. An article proved the
impossibility of 13 spheres [1]. Next time in 1874, German mathematician
Ernst Reinhold Eduard Hoppe delivered some incomplete proofs about the
kissing number k (3) = 12 [2]. Finally, the truthiness ofk (3) = 12 was
successfully proved by Brass, Moser, and Pach in 1953 [3]. Later, various
alternative proofs have been published in the journal articles [4, 5, 6, 7].
Explanations of these high quality articles are sometimes hard to understand
for junior readers concerning topics like mine. That’s why we are trying to
make simple mathematical logic for better understanding for those readers.
Hoping, in this field, our article can add something a different way to explain
kissing numbers and demonstrate its proof geometrically and logically.

2. Preliminaries

2.1 Area of an Equilateral Triangle

Suppose AABC is an equilateral triangle with the sides AB = BC = CA = a.
We draw a perpendicular AD from the vertex A to the base BC. Let the height
of the triangle is AD = hand the amount of every internal angle of the

triangle ABC is g rad. So, each external angle will be 2?71 rad. Now we consider

the below Figure:
A
a
h
/4
3
B D C
Fig 1: Equilateral Triangle
h V3 _h

. . AD m
In Figure 1, sinB = —or, sin—- = -or,— = —
AB 3 a 2 a
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=~ The height of the triangle ABC is h = % units. Therefore, the area of the

x\/§a_\/§a2
2 T 4

triangle ABC is A=2 X BCXAD =2 xaxh=3 xa

units.

2.2 Sector of a Circle

For any circle, we know that an arc length, the angle subtended at the center
of that circle by that arc length, and the respective area of the sector of that
circle is proportional.

o)

Fig 2: Radian angle and sector

We have the relation from the figure above:
Total circumference __ Central plane angle _ Area of entire circle

Arc length of sector Angle of sector Area of sector
2nr  2m mr? .

Or,— = — = —, where OP = 0Q = r = Radius
PQ 0 A
2r 2 r2

Or, S=5=7 where PQ = S = rf = Arc length.

. 1 . . .
~ The area of the sectoris A = 57”29, where 6 is the amount of angle in radian

unit.

2.3 Circle and Sphere Packing

Circle packing is directly related to combinatorics and Euclidean or Non-Euclidean
geometry in both uniform and non-uniform sizes of circles, and it maintains non-
overlapping situations. It is a two-dimensional packing system on a plane surface into
polygons or circles. Here usually, we observe different kinds of circle packing, e.g.,
loose packing, compact or close packing, etc. Concerning the kissing number
problem, we will have to choose the compact packing of uniform or identical circles
into another smallest circle such that all of these uniform circles can touch the same
central circle. From the web portal [13] sample of loose and compact packing in the
two-dimensional space is given below:
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Fig 3: Circle packing into a circle

In Figure 3, it is evident that loose packing cannot search the kissing number,
whereas compact packing can assert the goal. Sphere packing is analogous to
circle packing. It is a generalization in the three-dimensional Euclidean space
with identical spheres aiming to search for the kissing number in three
dimensions that can fulfill our target. From the web portal [14] sample of
loose and compact packing in the three-dimensional Euclidean space is given
below:

Fig 4: Sphere packing in 3D space

In Figure 4, if we consider a sphere containing some small spheres of the same
size, it is again evident that loose packing cannot be an effective system for
finding kissing numbers. We must determine the kissing number followed by
compact packing.

2.4 Volume of Cylinder and Sphere

Cylinder, Cone, and Sphere are very closely related to one another in the case
of volume measurement. The cylinder’s volume is easier to understand, and
the volume V of a right circular or oblique circular cylinder is measured by
the formula V = Base area X Height. Now we want to determine the
volume of the sphere with the help of the right circular cylinder. To complete
this measurement of the volume, we take the figure below:
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Fig 5: Volume of the Sphere through a Cylinder

In Fig: 5, we apply a transformation procedure for making the great-circle
sector OAC into rectangular shape named OFBC without changing the height
OC = r. It is clear that the half-cylinder with base radius ry, where
0 <1 <7, heightr, is created by the single rotation of the rectangle OFBC.
For the new making cylinder, the scalingis 0A = OC = 16 cells = 1 inch =
r, OF =1y = 13.056 cells (approximate) = 0.816 inches = 0.816 r. Here, the
volume of the new half-cylinder with base radius r; = 0.8167 and height r is

V1 eyl = nr? xr=mn(0.8167)% xr = 0.6667r3 = %nr3 cubic  units
2

(approximate). The volume of the hemisphere with radius 0A = 0G = ris
the same as the volume of the new half-cylinder because, in a reverse way, we
can return to the hemisphere from the half-cylinder again. So, the volume of

) ) ) ) 2
the hemisphere with radiusr is V1 = Z7r3, and hence the volume of

Esphere 3
. . _ _4 3 . .
the entire sphere is Vgppere = 2 X V% sphere = 377 cubic units. Also, the

volume of the entire cylinder with base radius r and height 27 is

4 2 2
Veyr = mr? X 2r = 2mr® . Here, Vgppere = gnr3 =ZX 2nrd = S Veyt
which is a significant relationship between the volume of a cylinder and a

sphere with the same radius and height.

3. The Methodology

Since the central sphere must be touched by the other spheres, we will make
the best use of the 2D geometric plane area and 3D geometric space in the
light of the conditions for kissing number so that we can know how much
geometric plane areas are enclosed by the corresponding great circles of the
identical sphere and how much volume is covered by the spheres. To prove
the kissing number, we will use the following two schemes to conduct our
search:
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i) To find the kissing number in one and two dimensions, the respective great
circles will construct with the equal radius of the sphere and see how many
maximum spheres are touching the central one in one and two dimensions
followed by the non-overlapping positions. These numbers express the
deterministic kissing numbers in one and two-dimensions because this
indicates how many spheres can be placed in such 1D and 2D geometric
planes.

ii) To find the kissing number in the three-dimensional case, we will take the
great circles, including central one obtained in the two-dimensional system
and consider it a layer. Then we will observe how many more spheres can
be placed on its upper and lower layer portions so that each sphere can
touch the central one. In this case, the final decision will be taken by
analyzing the combined geometric volume of as many spheres as can be
placed in this volume.

4. Main Results

Here, we have some equal size spheres with the same radius r. Now we would
like to find out the number of spheres, i.e., kissing number k(n) in such a way
that every sphere can touch the central one sphere in one, two, and three
dimensions.

4.1 Kissing Number in One Dimension, i.e., k (1)

We are familiar with 2D circle packing as an arrangement of circles on a plane
surface such that no overlapping occurs, which is related to finding the
number of k(1) and k(2). We have the following sphere with center C and
radiusCP = r

Fig 6: Single sphere and projection of its great circle

In a single direction, it is very much clear to all that, from the left and right
side in total maximum of two spheres can touch the central one like the figure
below:
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O

Fig 7: Three spheres and projection of their great circles

Therefore, the kissing number in one dimensionisk (1) = 2

4.2 Kissing Number in Two Dimensions, i.e., k (2)
From Fig: 7, we take the projection of great circles and get the following

Fig 8: 2D projection of great circles

figure:

To find the number of spheres surrounding the central pink-colored sphere
in two dimensions, we insert the same size great circle touched by the left-
sided two great circles in Figure 8. Now by centering the point C (center of the
central pink-colored sphere) and with the radius 37, we draw a circle that
touches the two green-colored circles at the two ends, and hence we have got
the following figure:

Fig 9: Circle packing for k (2)

The area of the new circle is 9772 sq. units. Suppose this new field contains an
area equal to the area of n circular field with the same radius r. Here, triangle
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CDE is an equilateral triangle because each side is 27. Now we find the area of
the regions R; and R, marked in Figure 9. The region Ry = ACDE — 3 X

2
Sector CAB =2 (2r)2 =3 x 1722 = VB2 - [With the help of sub

sections 2.1 and 2.2].
Also, the region R, = Sector CFG — Sector GEH — Sector FDH — ACDE

_ L2 1220 1 220 V3 5 g Smr? 3o
—Z(Br) PR e (2r)c = S V3r2.

So,R{ + R, = nTrz $q. units.

We know from the circular permutation there is an n-number of places
between n things. Therefore, the total area outside the n number of circles
and within the 91?2 areas =n X (R, + R,). Here we can form an area-related
inequality 9mr?-n X (R; + R;) <n X mr? [8]. This inequality implies that
n > 6.75

4.2.1 Choosing the Perfect Value of n

(i) Ifn = 7, there are 7 - 1 = 6 non-overlapping spheres that touch the
central sphere, and this result verifies the 97?2 areas by 7nr? + 6 X (R; + R5)
=9nmr?

(ii) Ifn = 8, the result doesn’t verify the 9mr? areas by 8mr? + 7 X (Ry +

31mr?

Ry) = -
3
Similarly,n > 8 doesn’t satisfy the mathematical logic.

Therefore, the kissing number in two dimensions is k (2) = 6, for a similar
procedure [9]. The final figure for k (2) = 6,
& ] ?%13"‘

is given here:

Fig 10: Final figure for k (2)

Figure 10 has been done as a follow-up to Figure 9, where the compact circle
packing has been used, and the condition of the kissing number has been
observed. As a result, we got the job done in the two-dimensional space, and it
isk (2) =6.
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4.3 Kissing Number in Three Dimensions, i.e., k (3)

We sometimes discuss the problems of sphere packing in Euclidean geometry.

The kissing number problem in three dimensions, i.e., k(3) is a special case of

sphere packing in 3D space so that none of the spheres can overlap the others.
To determine the maximum number of spheres that can touch around the

equal size central sphere in three dimensions, we have taken Figure 11 below

from the two-dimensional kissing number figure 10:

Fig 11: 2D plane in 3D space

Now we consider the above figure as a layer, so, in the three dimensions, there
are other layers located in the upper and the lower position. Let there be n
number of non-overlapping spheres of the same size (excluding the central
sphere), and those each can touch the same size central sphere. If we imagine
six cylinders with the above six circles in the layer as the bases and 67 as the
height of the cylinders, the sum of the volume of the respective space will be
(6mr? x 61) cubic units. Since the above-mention n spheres must be non-
overlapping, here we have another volume-related inequality which is
%X (6mr? X 61) > n X % x 7rr3 [with the help of the area found in sub-sub
section 4.2.1, and the relation between the volume of the cylinder and sphere

in 2.4], for a similar conception video [10] and article [11, 12]. This inequality
again implies thatn < 18

4.3.1 Investigation of the Values of n and Choosing the Logically Correct One

(i) If n = 17, there will have to be 5.5 spheres in each of the upper and lower
layers because the middle layer contains six kissing spheres, but this is
impossible because the number of spheres can’t be a fraction. Therefore,
n <17

(ii) Ifn = 16, there will have to be five spheres (S1,S,,S3,54,S5) in each
upper and lower layer. But this is not possible because although five spheres
can be fit here while maintaining a non-overlapping situation, all of them at a
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time could not touch the central sphere shown in the figure below (in the
upper layer):

Fig 12: Wrong sphere packing-1 for kissing number

In Fig: 12, the middle layer contains six spheres, excluding the central sphere.
On the upper layer, we can arrange five spheres contacted or touched by one
after another. Although these can kiss themselves in a series, in place of loose
packing, all cannot kiss the central sphere. So, this arrangement should not be
accepted for finding the kissing number in a three-dimensional case.
Therefore,n < 16

(iii) Ifn = 15, the same logic described in sub-sub section 4.3.1(i) is
applicable.

Therefore,n < 15

(iv) If n = 14, there will have to be four spheres (S, S,, S3,S,) in each upper
and lower layer. But this is not possible because although four spheres can be
fit here while maintaining a non-overlapping situation and two spheres
(S1,5,) out of the four spheres can touch the central sphere, the rest two
spheres (S3,S,) could not touch the central sphere shown in the figure below
(in the upper layer):

Fig 13: Wrong sphere packing-2 for kissing number
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In Figure 13, despite spheres Sy, S;, S3, and S, being in compact packing, the
two purple-colored spheres can touch the central sphere, but the two pink-
colored spheres can’t. So, compact packing does not always ensure the kissing
number. Therefore,n < 14

(v) If n = 13, the situation is similar to sub-sub section 4.3.1(i).

Therefore,n < 13

(vi) If n = 12, we will get three spheres (S;,S3,S53) in each upper and lower
layer, and all of them can touch the central sphere shown in the figure below
(in the upper layer):

Fig 14: Successful sphere packing for kissing number

In Figure 14, all three non-overlapping purple-colored spheres (Sy, S, S3) can
touch the central sphere. We observe the phenomenon in both the lower and
the upper layer and 3D non-overlapping 12 identical spheres which can touch
or kiss the same central sphere in the following figures:

Fig 15: Final figure for k (3)

Figure 15 has been done as a follow-up to Figure 14, where the compact
sphere packing has been used, and the condition of the kissing number has
been observed.
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4.3.2 Result of k (3)

If n = 10, 8, the condition of touching the central sphere is celebrated, but as
per the definition of kissing number, the maximum value of nis 12.
Therefore, the kissing number in three dimensions is k (3) = 12.

5. Discussion

In determining the kissing number, it saw that the work is directly related to
the packing geometry. Again in packing geometry, compact packing of circles
within circles and spheres within spheres inherently governs the kissing
number. It also saw that we lost some spaces in the two and three-
dimensional cases because circles and spheres do not form by regular
polygon-based objects. Such a loss we cannot avoid by any means because the
kissing numbers have to do in a non-overlapping manner. In two dimensions,
we need at least 9712 sq. units area for kissing number k(2) = 6.

. . 2 .
In three dimensions, we need at leastg x (9mr? x 61) = 36113 cubic

units volume for kissing number k(3) = 12.

If we want to calculate the area of unused parts of the two-dimensional
circular region and three-dimensional spherical space after finding out the
kissing number, it is possible. It is mentionable that such vacuum parts should
be thought of as belonging to packing because we cannot fit the maximum
number of spheres over there using less area and space so that we can
determine the kissing number properly.

Up to three dimensions, we have successfully proved that the maximum
number of spheres that kiss or touch the same central sphere are 2, 6, and 12.
Mathematically, there is no losing point from our hands in one dimension
that we can use to touch the central sphere by others. But for two and three-
dimensional cases, there have lost area and volume. For the two dimensions,
there have been lost 6 (R; + R,) = 27mr? sq. units area in 2D space where we
could not fit a single sphere because these areas are discrete. In the three
dimensions, there have lost g X 9mr? x 6r — 13 X % X r3 = % 7r3 cubic
units volume in 3D space where we could not insert a single sphere because,
on the one hand, these volumes are discrete, and another hand, despite there
being sufficient volumes in our hands, we could fit nothing non-overlapping
sphere there so that it can touch the central sphere.

However, possibly, we can utilize these lost spaces calculated in the above
mathematical search to fulfill another aim, if any. For this reason, we
represent these results here.
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6. Conclusion

Presenting any topic in an easy-to-understand manner increases the interest
and curiosity of the readers in this topic, resulting in a kind of development of
the content among the general readers. The incomprehensibility of
mathematics and science-related content often makes us skipping tendency to
the content. So, many interesting and important topics in these disciplines
remain elusive to common readers like me.

Proof of the kissing number problem gradually in higher dimensions is
complex, and sometimes it is hard to understand for junior readers. Our small
effort through this writing aimed at making the proof of the kissing number
problem interesting and easier for general readers of the content. However, in
this paper, we tried to represent some simple explanations and logic regarding
the kissing number problem with only up to three dimensions aimed at new
readers of the topics. Through this short article, we tried to prove the accurate
results of kissing numbers in one, two, and three dimensions and to reconcile
the debate between two great scientists, Sir Isaac Newton, and David Gregory.
Finally, we have found that Newton’s kissing number k (3) = 12 is more
logical and correct. We think the junior readers will get a rhythm to thinking
regarding kissing numbers up to three dimensions through this article, and
consequently, they will contribute to higher dimensions.
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Abstract: The study aims to reveal the ideal teaching-learning
strategies of science in Sylhet's rural classrooms through a mixed
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selected as key respondents. 12 science lessons were observed to
collect data. Data were also collected from student questionnaires,
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to class eight, science teaching-learning activities were not conducted
according to the instructions of the science curriculum. Most of the
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Guide). Teachers used to follow lecture methods for delivering
lessons. Learning by doing, demonstrating real examples, scientific
inquiry, rational thinking, and analyzing cause-effect relationships
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for not performing curriculum-based activities. Teachers are careless
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1. Introduction

Science education originated in Western countries in the nineteenth century
(Layton, 1981). In Bangladesh, the National Curriculum Committee prepared
detailed curricula and syllabi for primary and secondary schools in 1974
(MokE, 1974). Science is a major contributor to cultural development and our
understanding of the world (Mathews, 1994). School curricula quite rightly
consider science an important subject (Yadav, 1992), and it is increasingly
viewed as a subject of lifelong utility to students whether or not they enter
science-related careers (Ware, 1992). At present, the curriculum provided by
the National Curriculum and Textbook Board (NCTB) is followed to teach
science. Effective science education is true to the child, true to life, and true to
science (NCERT, 2006). Effective science teaching practice in school is a must
to ensure good science education. Gomes (2007) argued that school science
provides a gateway to young learners to meet various scientific ideas, and
principles, and to develop attitudes that promote rational thinking. The
Science and Technology Committee reported that science teaching ensures
scientific literacy in society and equips the next generation of scientists and
engineers to progress to higher education. Therefore, school-level science
teaching and learning is very important. Becoming a science teacher is a
creative process as it involves the selection of appropriate teaching methods,
itself a creative process (Hassard & Dias, 2011). A few science teaching
strategies have been suggested. For example, Ministry of Education (1977),
Church (2000), Carin, Bass and Contant (2005), and Hoisington, suggested
inquiry-based teaching. McCrea (2006), Braund and Reiss (2006), and
Chandler and Swartzentruber (2011) recommended teaching science through
experience by promoting hands-on activities and informal learning
environments. Krajcik and Sutherland (2010) and Hackling, Smith and
Murica (2010) suggested that science teachers link new ideas to students' prior
knowledge and experiences. McDonald and Dominguez (2009) postulated
teaching science through reflection as an effective science teaching method.
The National Science Curriculum suggests the same teaching strategies for
science teaching in Bangladesh. There is, however, increasing concern among
educationalists about the practical aspects of teaching effectiveness. The
“how” of teaching is now being given greater prominence (Dhand, 1990). We



DM FcaTer &iAie o 8o

therefore sought to establish exactly what is happening in school science
classes in Bangladesh in practice and whether teachers deliver lessons
traditionally or by following the curricular instructions. The science teaching-
learning status of Sylhet schools is unknown, so it is difficult to identify areas
of science education requiring improvement. The outcomes of this study are
likely to benefit curriculum developers, textbook writers, teachers, trainers,
and researchers in this field and provide a new platform for all science
education professionals to reshape and revise their practice. Moreover, these
data provide a research foundation for science education researchers in
Bangladesh. The study aimed to explore science teaching methods in grade
eight and compare actual classroom teaching-learning of science with the
teaching-learning strategies suggested in the National Science Curriculum.

2. Materials and Method

This was a qualitative and quantitative study based on primary data. Ten
secondary schools from Sylhet district, Bangladesh were selected by random
sampling (RS). Eighteen students of classes 6-8 from each school were selected
by RS (n=180 in total). Fifteen science teachers were selected purposively
from those schools. Total population size was 195 (180+15=195). Students
were administered a questionnaire and an interview schedule was used to
collect data from science teachers. Fifteen science classes were observed using
a five-point Likert scale observation checklist. Data was analyzed through
descriptive statistics and an MS-Excell worksheet was used to interpret
graphical presentation.

The curriculum developed by the National Curriculum and Textbook
Board (NCTB) was used during the study period, which provided specific and
clear strategies for science teaching-learning. Classes 6-8 contain 12 general
chapters related to science teaching. Realizing the burden of theory and lack
of emphasis on the scientific process and scientific attitude in the curriculum
of 1996 a new curriculum had been offered that intended to cover these gaps.
Ideal teaching-learning methods of science state that, students are expected to
think rationally and solve simple problems in their daily life through science
education. The curriculum mentions that science cannot be learned solely by
reading books; therefore, science teaching through ‘learning by doing’ is
strongly emphasized. The curriculum instructs that opportunities should be
given to learners to learn by doing according to the school facilities and
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environment. Observation and experimentation are defined as key tools to
develop scientific skills. The curriculum also explains that if learners observe
things properly, questions will naturally arise and consequently they will seek
the answers with the help of their teacher. In this case, the teacher will inspire
learners to derive a hypothesis about the problem and collect data to test that
hypothesis.

The curriculum states that teachers should prepare lesson plans and collect
necessary teaching aids. The teachers should conduct lessons using the
question-answer technique. To explain the mechanism of any instrument
being used, the class could be divided into groups; where there are insufficient
numbers of instruments, the demonstration method can be used. The
curriculum also suggests that the teacher should try to be diverse when
teaching-learning. The teacher will ask relevant questions, judge the prior
knowledge of the learners, and then announce the lesson. Emphasis is given to
student participation and didactic teaching should be avoided where possible.
The curriculum further states that experiments should be demonstrated to
solve problems. Students' observation of the experiments and results should
be assured, and the teacher should try to assess student understanding of the
observed results and experiments. The students will foster a relationship
between the actual problem and the observed outcome. Finally, the teacher
will summarize important points on the board. One important instruction in
the curriculum is that the teacher will discuss, demonstrate experiments, and
ask questions in the classroom, and, via these processes, students' knowledge,
comprehension, and skills will be evaluated (NCTB, 1996 & 2012). The
expected teaching-learning strategies are summarized below in Figure 1.

Justify prior Settled Prepare
knowledge =l learning = content to
objectives fulfill
objectives
Repeat if Evaluate the Conduct
necessary <= objectives <= participatory
learning

Figl: Flow chart of the expected teaching-learning strategy
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3. Result and Discussion

3.1 Preparation and Conducting Science Classes

The science curriculum instructs that science teachers need to study the
subject matter given in the curriculum and teacher's guide (TG) carefully
prior to conducting the lesson. In reality, almost every teacher was unaware of
the curriculum and did not follow the TG. Half of the teachers sampled
reported not preparing for classes. They mentioned that they prepared for
class by reading science books and collecting materials.

The science curriculum suggests that science teachers prepare lesson plans
to address the objective(s) of the lesson. A lesson plan was only used in one
class. Some teachers mentioned that they used lesson notes but could not
demonstrate this. Teachers selected the poorly fitted teaching aids for most of
the classes. The curriculum mentions that teachers should only enter the
classroom after collecting the necessary teaching aids and equipment. In
practice, it was found that teachers used proper teaching aids in 9 out of 60
classes, 17 classes with poorly fitted teaching aids, 11 classes with wrongly
fitted teaching aids, and 23 classes without any teaching aids. The graphical
presentation is shown in Figure 2.

© No teaching aids 23
g

s Wrong teaching aids 11

&

a

35

w Poorly fitted teaching aids 17
o

£

'§ Appropriate teaching aids 9

(]

[t

Number of classes

Fig 2: Status of using teaching aids in 60 classrooms

3.2 Announcement of the Lesson in Science Classroom

The curriculum states that before announcing the lesson, the teacher should
instruct the students to close their books while relevant questions are asked on
their knowledge, skills, experiences, capacity, and needs related to the lesson.
Of the 25 observed science classes, teachers investigated prior knowledge of
the learners in 40% classes and it capable to motivate the students. 28% of
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students reported that teachers did not ask question about themselves and
then announced the lesson, 32% reported that teachers justify with
inappropriate question and announced the lesson. The Pie chart shown in

Figure3.
Did not justify Justify prior
prior knowledge
knowledge with
28% appropriate
questions
40%

Justify prior
knowledge with
inappropriate
questions
32%

Fig 3: Pie chart showing the creating environment prior to declaring lesson content

NCTB (1996 & 2012) suggests that science teachers should progress the lesson
through precise questioning and answering. In reality, teachers did not
progress the lesson in this way. Teachers sometimes asked questions, but the
questioning procedure was inappropriate, and teachers did not instruct the
students as to whether they should respond individually or in groups. The
teachers did not create scope for students to ask questions, and students did
not ask the maximum number of questions in science classes. Teachers did
not arrange creative activities in classrooms and only asked creative questions
in the classes.

3.3 Teaching-Learning through Active Participation

The curriculum emphasizes ensuring student participation in class activities.
Teachers were not conscious about learners with learning difficulties.
Learners were not attentive and did not participate in class activities (Figure
4). All teachers reported that they took steps to ensure active participation of
students in class activities, but no teachers could explain the steps they took.
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3.4 Assessment of Achievement

Teacher should evaluate learning outcomes to judge to what extent the
learners have achieved these outcomes. It is suggested that teachers should ask
questions and judge students’ knowledge, comprehension, and skills. We
found that teachers assessed students’ learning achievements in most classes.
Teachers mainly assessed students’ recall capability, which is regarded the
lowest level learning domain according to Bloom taxonomy (Bloom, 1956).
All assessment devices were knowledge-based questions, with other cognitive
sub-domains left unexplored and items from affective and psychomotor
domains totally absent. The classroom observation data showed that in most
classes, teachers did not identify the learners who could not achieve a day's
competencies. The overall observed result revealed that the process of
assessment of achievement did not follow the curriculum instruction. When
asked whether they could answer questions easily or they had to think a lot to
answer, 130 students out of 180 students reported that the teachers are
careless about the students learning disabilities, 30 of them disagree with the
statement and 20 of them have shown their strong disagree. In consideration
of participatory learning out of 180 students 95 students stated that the
teaching-learning process are participatory, 69 of them shown disagree with
the statement and 16 of them shown strongly disagree. In consideration of
managing proper environment in classroom 40 students stated that teachers
are capable of managing proper environment in the classroom, 120 students
disagreement with the statement and 20 students are strongly disagree with
the statement. The result of the student’s questionnaire is given in Figure 4.

W Agree B Disagree @ Strongly disagree

150 130

2 120

120

3 95

o 90 69

<}

5 60

£

S 30

=2

0
Teachers are careless ~ Teaching-learning ~ Teachers are capable

about the student's process was fully of managing the
learning disabilities participatory classroom

environment
Participatory approaches in the Teaching-learning process

Fig:4: Composite bar graph showing the participatory approach of teaching-learning
and classroom environment
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3.5 Proper Motivation Prior to Starts Content Presentation

To make the proper environment for delivering science class which would
motivate the students to take science in class IX is necessary in class VI-VII
class teaching. Out of 180 students 40 students stated that teachers are capable
to motivate the students properly before present the content in the classroom.
Of them 65 students stated that the questions asked by the teachers are
partially related to the content and it becomes sometimes monotonous. 30 of
the students stated that the question asked by the teachers is irrelevant and it
did not motivate the students properly even sometimes demotivated from the
concentration. 50 out of 180 students stated that teachers start their content
presentation without asking any question. The graphical result shown in
Figure 5.

60

60
50
40
) I
0

Teacher's The question was The question was  No questions
question irrelevant partially related  asked by the
motivated the to the content teachers
students properly

Number of students

Prior motivation to declare lesson

Fig 5: Motivation status of the students prior to lesson declaration

4. Conclusion

The study revealed that science teaching in sample schools in Sylhet was not
practiced as instructed in the science curriculum. There was a big difference
between the prescribed curriculum and what is being practised in the
classroom. Learning science is not only learning information and facts, but
also acquiring process skills and higher-order thinking. Given the importance
of science education, due emphasis should be given to on-time delivery of
curriculum materials to teachers, proper training, and curriculum
dissemination for teachers. Teachers should be encouraged to plan and
prepare before going into class. Optimum learning environments are also
required to ensure in schools so that teachers and students can undertake
science experiments and activities. Most importantly, the issue of teachers’
workloads needs to be taken seriously. Further studies are needed in these
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areas to overcome these problems so that science education in schools can be
improved in Sylhet.

5. Recommendations
Here we have discused and compared the study result with published findings
and made some recommendations to improve science teaching in Bangladesh.

5.1 Ensuring Availability of Curriculum and Teachers’ Guide

This study identified that the curriculum and teachers’ guide were generally
unavailable in schools, like the results reported by Nina (1992) and Sadat
(2001). The lack of the curriculum and teachers’ guide appears to be common
in Bangladesh, but they are required for better teaching. Hatton (2008)
reported on pre-service science teachers who were concerned about the
pedagogy of science teaching, and they had good command of the curriculum,
content, and scientific attitude. Their performance in classrooms was
satisfactory. Therefore, steps should be taken to ensure the availability of the
science curriculum, teachers’ guide, and other necessary materials. Reducing
Teachers’ Workloads Large workloads were one of the major problems for
teachers since it stopped them from preparing and delivering quality science
classes. Using Lesson Plans are necessary for effective teaching and better
management of large classes (UNESCO, 2006). The curriculum also suggests
using lesson plans. However, teachers should be encouraged to prepare lesson
plans and proper supervision systems should be in place to ensure
compliance.

5.2 Training for Applying Proper Methods of Teaching

A number of studies, including the present one, have reported that lecture
method is most commonly used to teach science. Other interactive teaching
methods like group discussion, demonstrations, and learning by doing are not
applied for teaching science in practice (ADB, 1998; Hossain, 2000; Sadat,
2001; Hugq, 2004; Gomes, 2007 & Orhan, 2009). Teachers reported that short
time periods, large syllabi, etc. were the main causes for not practicing these
methods, similar to Nina (1992), Krishna (1997), and Sadat (2001), who
reported that lack of time, unavailability of materials, and lack of laboratory
facilities and ingredients were the core reasons for not using demonstration,
experimentation, or learning by doing methods. Another alarming result of
our study was that teachers did not use the inquiry approach at all, similar to
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Wang and Lin (2009) and Anne and Coll (2010). Teachers need to be trained
properly so that they can use different interactive methods effectively.

5.3 Ensuring Student Participation in Teaching-Learning

Students did not participate in teaching-learning and the teachers were not
attentive to those learners who could not achieve a day’s competencies.
Students were also inattentive to the lesson. However, teaching aids facilitate
student learning by attracting their attention (Adeyanju, 2003). Using
teaching aids can ensure student participation and can also help promote
higher achievement of the students.
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Some of the letters bear strong resemblance with the letters of Afsad

inscription of Gupta Emperor Adityasena of Magadha [7™ century
ADJ*

Aoerg AFoToE SEAFACR AoNC TSR Weol | @ €A @ N 8
QI TSP TSITAC “Hi=eteT 2pfere foet | Beie fjeen Rereies caifrs foe |
WA R 5T OIFACE AP FAOR &0 | qrS T4 AT AN oo
CORCRCET! CRITHT |

CNRFCTR (ACIR OIChAT - Ol e (AR, T 9 e qve
S IO 2ifog Iea1R REIba! =1 IR | & FeokgA 9] @R i meisy sreea
I N FE | AGAR TGI8 FOITAR PRF WP FECRA | $g Tpredaet



DM FeeTer ST o Yo

IR TR Fo) T© ¢ P IeeTCRA—
PG AT WeP® RS (I (I THY @ @NHEL g, oI
o = | frg q@irERe e wigfae Jfeics s ojfe =@ | afere R
e ke wity, IR e Afaw s @i, sl g, G ¢
YT e iR | e YUBT eea T E WG 7 | §T-K NG
S (T S T W RZCS A W, SR F0 S AN ST | SFELA
TS TSR T AEee 32 e I S TS 28 |

SIFHPTCAT Py SRR O-W© (FINGSIIR (WA (NS I | (AN
@I RS Gean FEe I - (AL [0S 39 Atz Tafee | e ffe
RESTw SIPRe 0 SE O QI i FHE SR T IR 29 I | RIS
e frers BT FoR F 0TCRA—
The charecter of the letters engraved is a type of Northern Nagri of latter
peried (11" or 12" century A.D.) Some of the letters may be called as

. . ¢
precursors of Bengali scripts.
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The character of the letters is a type of Northern Nagri of latter period
(11" or 12™ century A.D.) and maay be called precurspr of Bengali

R\
script.

G (AT A W (T, T (A3 A *o03 Te7 BT (AP, Tedt Apiioe
T AR v feE @R SRR PR R fPice Sega s
Tl =@l | WP aeTe @RI 1 21T 411 A0S @&, 3™t caasial
-7 AR PR O, WF 9¥ RAPRIT g RIS (oon e Tt 11
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A.D. to the end of Mohamedan’, JRASB, Vol. IV, p. 351;
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Though the summer is fairly afoot, most of the college organisations

are hibernating still. The College Union has however woke up with a
meeting under the presidency of Prof. N C Seal to mourn the death

of Sir Rashvehari Ghosh.
(‘Notes’, The Murarichand College Magazine, Vol.IV. No.IV., 1921-22, P. 61).

Horw A5 ST =W ds20-38 FIFRE | TE-ITHR AT I = “The
Murarichand College Union’(1922?) 1 >538-3¢ Fred 2o vy R A%
A Tod IW s i sifew Afeem Iw weR e =
‘TheMurarichand College Athletic Society’(?); ‘“The Murarichand College
Debeting Club’(?); ‘The Murarichand College Swimming Club’(?); “The
Murarichand College Literary Club’(?); “The Murarichand College Singing
Club’(?); ‘The Murarichand College Rover Scout’(1927); “The Murarichand
College Cycling Club’(1927); ‘The Murarichand College Nursing Unit
(1927) | QVHF QU FOFT S50~ IS JBACA ALY T Ao a7 1
Ater FEHRSTE “Old Boys® TN IS SHFNAIL f5® 27 | ASHRTHR =1 417
a7 wEp A =0 AW | JARDT Feerer e SN e FrEegema STmAE
AP | T FBFRA T o1 A = FFITR SPRYITT R TAOR
AV | O QAR FEPIR (S5 QFEw 4 TME 8 el <R ELAe
VTR G GFe IR T T Wéifbe zeed | gt @iees W s



DM FCeTer widlT o 355

G &Y ¢ IR & FOTOI A HiF I FER dAT a1 0o | a7t
RMRreie AR N4y SR AR JRH SoferaiR Fieaeh Ref e 2R i
el |

I eerer WrAferras 43N T TRAFEICS TR ol dF1H® =7 |
G @ T Ton S SRUWE TRAE et [ | S S e RIS
PN PTAFTFOIE 21 (R, SR RGP IFCRA @A I W (o2
AGCS AT I, 9 @ FALFT W 7R | e Ffdx e wfeare s
b i eR—

Afd—o
IR Feater Syraifere (Teblsd) sfie IRl of 8 aqwE TR (Bfrd, 2035%:
Sod)

54 4, v520-20 . S5 T, v5%3- R. 0% T4, dv0a-or .
R | faor | por | &ow | ey | pom | bpd | W | e | o
AN | AR | AR | AR | AR | ART | AR | ARG | ARG | A
e | > | [ |8 [ 8F |eb | &b | e | s | 8T
w |- o | |- - - s [ vB | off | of6
e | B | Soft | a6 | saf6 | sefb | 38 | 526 | 23 | 2af6 | 056

TATR TS 35320-1Y, S59- @R S504-0b FIFRE e FR@l, o 9
ROV (TS, S, SfTORTR) AR @RITAl *EW | Q9T S/
FIEF I A (AP AR 2 | BRI d530-3d 7. v9d I8 7=(6 1y Hiee
AT 2 Toe AT CRITT SOl = M AP 0% 0 A AFIRS =
el | «ft fbersw afedfae 54 ¢ o woits oM @ el Rew
oo «-witome ¢ AGhell sl aPR BeR 4P ¢ IFETen Rge @
AeAfobsl, drefer R ANerelle GRAR RRET TCS AT | G 98 8
FRORFER (FrEe d@E | Rew I FROR (v ARG ¢ daae Ko
GRITH THIT | 9 CEd I RS @, GRASfeF I, e s,
TS Fed 8¢ @WFTF SRS RO A SFEle FRORE TrE g
IR, CFNE {7 FCACR Fre-Frdions sy |

oo ol s FeTer WPifeey TR el ifRe™, oRl ©i)k e
BFHS 1 (AT FAPEAA FIJ2IENS! @ CIFGIRR g FACS AR | A<
el O TP FIR ¢ S e T IR VEF 707 8 FoT—FHAR
iR R fom, o= witee fo “Affifsrmin | ot st @ e aifte z@fe
TG Al @A | NI P VG, FAGAR S, TS TGl ST AT




DM FceTer widleT o S20

fafg i e | e seees Reed seiees a1 () Reei vy
TAS’) TSRTIR WHtPa GFaw SRR IR | JRR PR IFROCIT (AT 9F
TR FIGRE S OgmolT I (358 IY @A SR bo ©
st J_A|ACRA BIed Sefeey; e AR fofd wfelze i
HAfROTETod “OF b’ T | G S59d-9; FAHACIA I X S, ARG
AT G| S50 ROTH I[FART ooy saeme SrrE I = Bt
WTEE PN AT, SRR I S AR e e W
Torfe, SriRlRem IR REW Wp1 @ oRew ARk wae FiRe
AR ACFG FAR (IR, O A, SCIPRE AR, I (BIEAT A
FRIOR ANFAF SRUT 8 PRI Ry IeCz |

IR Peerer WG s5da-0s T e oreai Ghfere @3k sfivfb wrfire
ISl AFIS TF WG | FRE T AOHEIE; O FTo Feeea -
Fredl | 93 A GRS IROF AFIR “IGA I AP | QY iR b,
AICTHY bPIOR FOAs, ARNICNRT =R Aeh IR IR | PEG I IRl
FRCZ ST SEFIR WGCHIA, (. TV=is Sl o, ey SN (AR, 410 R
A 8 I IRFINCE | TN PO TRCR GG 6 | FRCAT ey FATH 77
ww; o iRfes R W Fea | @I A RO T AT TF—The
Lost Day’ fe104T=2q Anwer Hussain | ‘?i%—w, AT G5 AT ASAT I ERCI
Fwew | faee [feg i gifte siel, IRt AW 8 gerrrRr @b JE
M =E—

ARfA—8: M Feerer WANfere (eblerd) aifite Fiel, FRAT AT ' AT

TS CMSTRT 04 SOV HE-LR

7§ WY | AP R
A VR S | S-S % | SR | Sser-os  Ppok-e
q9TE 7Y ] | fafRe-|ed R0 S | Svwa-ob V-]V
aifer (e AR AN | k0% | PO | Svwa-ob  as-dae
(S EISACOND L AN | S50b0d  jow-0q
I e 7S SN GO | Soob-0s  Ho-5©
ARG (IR SR Sy SR | 5529-3  |9¢-ob
B REREIAS) SN bod | 95291-%  pd-bR}
- 0% AT | 5500 959D
PO




DM FCeTer widlT o 313

T B w-oy N SoRa-%  pY-59
okl
IRE TR | Piar-oifE sgu o | Sp02-00  {ue-by
IR k@ Sy Y598-0¢  pd-0d
ol BlgAt | 98T Q@R 0% S509-0  89-8%
Ny AL SRIG W% 93 S5R0-38  p-)
kel
G 59 e face So¥ 5533  p-d
oI
e FE | SR Q0% o | Sswa-ob  [So-0R
PRRCAM A | SISl e PO | 5535-3%  B5-85
@ Q¥ S50-38  [R8-29
e R wE vy me
R.q wgeEE ofs Fores | ax Ao | S520-38  [ov-0s
(©6 &P vY AN
S Boferel R
BRI Tl T SR AL Su AV | Sv08-0¢  Ro-R0
KISRIR] RITI(e] SO SR | 359-  pPu-do
=514 e S5 TS | 539-3  Re-2e
~fs SO | PO | 5533-  [Bv-€d
AR So¥ bod | 55%3-%  [aw-a8
R
AT 7Y ST So¥f AT | SHov-0a  [ED-ED
PR TIST— Sy o | ss0v-0a  [a9-44
gl N O | Spov-04  [S3R-33]
T OGBS | D Sou FAT | Sd0b-0d  [8b-8b
SR e A FEreaR | oo fGoR | dvov-0d  pe-ve
e 559 | PO | Shob-wa  [584-384
o (W GRCIE TR | 20 PO | Svob-0d  [Sdob-0d
gfea
AAG
et (=S AfeTelr (R X qsq 93 AT | HH0-38 R
I @wq sl s | A | S5R39 fod-ve




SRIRBM I S 0 5

el S| PO | 5533-%  [£d-Yo
ey S8% A | SHwRwe  [Ad-aR
AF-7S] 09 S | Svoa-ob  [5-d
MR T Y P | 04 O | o905 BO-5d
iR M FAT | So0-0s PR
g ReIRieTRA
TS SRIERITST
Tawgadt (@ | *ECed et Sy | ST | sska-x Re-x¢
Tawgadt (@ | *HCed et Sy | ST | ssRa-p Re-x¢
@ IR @ | T Sy 599 | 552a-%  [49-a4
o TR A | SR ool SR | S520-30 8L
R “FeRE | WA W Sou FAT | S50b-0d  |9v-v0
e SEHle, | Afew 5o TSl | Svov-0d  [a-es
a4,
g g | W 559 | PO | Shov-eq  [pee-de¢
SEI51g
g AT 5% HAIT | 5520-%Y  |ro-vo
Hifrey
e A 5o AV | Sdov-0d  Bo-8Y
Clani] g S8 SR | Svok-v0  [ab-a5
FERZERY
XY T G| T S5 | PO | Sh0v-0q  Hug-u8
o, fm oer | wreR-fs | WAV | Sveob-oy  [€8-¢Y
TE] fetiea 0| PO | Svea-er  [bae-a¢
CIR--M e | *199 Sy T | S508-9¢ B85-8%
RaD]
T F2 Pz | i ofe SYT [ AT | S508-0¢  RU-IY
FArgA Age vod AT | S50-]d  |oo
Sifrey (IR
TR A R S8 TSI | o0 @R-¢R
PR eEnd | R ew 55* | POIN | Sh0b-0d  NEd-Yo
ATFAFAR *[m-sffefsr 0% AT | Sp0a-ob  [8-8%
T « IR, A 7 0% o | Sswa-ob  [Sod-v3




BT e widie o S0

FISITT afe >3 AV | 553-%  pa-d9

SEIH

B T SR-3FR SN FAT | Sveb-os  [88-88

(Cr=R)

AR AR | e Sl IR IR e SY | SR | Shwe8-we  RO-¢

TATESIST | RWCA W G | S5 AN | SHOL-0d  Ro-%9
FeNces

FPATCM | T e < 55* | POIT | Sh0b-0d  Hua-38)

e

ACSTY LM | SRIEm R 5ot | 553-%  [8-58

O PITO! | TP (WS A O | 0% AT | Sv0d-ob  RU-JY

Preva o | oo =R 93 TS | S520-38  Bo-8Y

a¥ PO | Soxeo-38  [?]

FHI] FAQ R34 93 PO | 550-38  ud-Ud

<

TG G- SO | PO | 5533-%  [ux-bo

TR o | Aot vod bod | 553533 [ox-b

Pameaw | wd Rasr wE, @=- | ss SR | Ss3-ve  [ev-eY
o4y TR

AR FIRE | o T IR PR | se Sl | Ssok-00  [E5-Yo
coE TR AT | S598-9¢ [o-do
R AR

@A | @ Su BT | S508-9¢  [55-3

e we eI 0¥ AT | SH0a-ob  [Fo-Co

Anwer The Lost Day 3% AT | S50v-va  PHo-R}

Hussain

? Hfe-vor bpd | TOIW | 50-%0 4444

g I AAEa Weol G IRl Wiy, witz 2fex™ ¢ ¢fifas aw fae
Mo A IRFTT| FT@ are IRCR dfoer 2T @ SeRl I (oTE
AR IR et FH-BASTFR SR T=ffen Rl =gt =7 |

GRSl sl

ASBE SRS 6T Fearer wiiferey o [REFS «hg—Iase I=Reee



DM FceTer widieT o v38

(J.) GR AT (A GRASGP 7> IFROR I G IR | o8 TLFHFI
TR AHER 8 IR AT TEH =l 40T I FE ¢ FAFhers geiie
SECE | L IR IR TN dFIFe =7, &I Avo RS A 7he skl
P =X S53% RBITw | Fikem Feeees vt T cifdx v g o= fn
(oo (MR QIR {1 e e’ g R @ |
IR qEw FAR S ACEoNMRR TeRA | O IRoiF RAwg Mo (S

FIE 58bb-3¢ T, S¢08) G | HbeT (R GRS FEF FFHRCBR TR,
JIR S ST TeeeT | O Cop i Betehar cotremrstoteesst vi<et wiErears ey
MG | Wl Teoky ), A erel oadt | Aebseiw Frel seige et e et *bieoast
AR A< T GRICAR PRI S0 | HTrowy T4 Mpoed o o i ey
(T *HICAdE oM @ o o = | T s it ¢ =himdes Taw
AR AT @R IETH OF S @ SF M@ (AT FACS AW | gl Sl
26T R Ny WMhmR ot semed amik AfTrs oo 3@ | P cret
(R B S GO I 8 SIAPR SRR RIS I Y TR oy
et T SO | ST AN R FiRke sl *waea ¢«
WYY TRFAN GRS TAR | GTS AHOTTH GIRAAAR R FIGICH T
VCOIR Ahew IR | IR AN, @7 sy foga—

R eIt areRf W

7 SRI; O OfF (ATT TN |

R ARE—RIErS 2wy

TBITSCE O | SIS AIE,

Ty G, s = 3,

3 W 9T T R

AR A I 92 TN |

BefE g, — Prerma!

SRR 1 ¢fiq wrer ot e,

PRI FRCS AT | T

o1, — I 7 RS ¢feq Agra

@ aRle (1 g 1 ffiieas s,

TEiEe AP ogF | LR

cfare s, FFERp-ael
WS ©IRF | b = et o |
(e, 5535-33: S08)

TGFS ATGEEE (F.) GRAees et MEEN ows “geeer | Feaces
fror 7 cifdg T v of | eI So0-a It Syrifeas s i
R qRR PO TR YRFIRTTOIR AFIHS 2 | TGRS G (3.)-7 Feets
o, I 8 FRITAR AR e SRS e CReesifRev feq a3 S 51
A Gl RIS IO TGO AT | qre AR O 8 Fedd e




DM e widie o S3¢

TR G MRS Rage—afss v Hefs [FES wmfealt vo=imr | 3R
v e SRR Ry, TP @S SR 9 TAPEE SISO
et T | QRITCA SR G BT TS eIl ReeT—

()

IR (IR L XS A

R < aww BN

R o oy

B TS 1Y TRIH-O |

()

(R (AMI! & TR FRCS
LY 7 @A

b 45 A

SN SIoPEy KIfRs 7o |

(ST, S529: 80-8Y)

[SIRIA-SF> AR e *TRETAT; Q> FCACH TG
A1 FreCeg EoR ¢ FRATH TNT TR | (78 GTe SRIGIME F9 M |
TGS ATEEE (F.) TN 4 8 JF R A57F | TRIE & reTmR
CTER (TR (TIred aRST 8 (IR GRAIRIT 61T | o3 TS FHRT |
Feha TeERey @ gt SRYE O goR RE ezl aw e Pieds
CTFEIA ¢ TEGOTo AT e 2ol ¢ i G G2 SRICAFCAR S
T T2 DTS T R | @7 AT WCHCR P& WAHen |

facsire el
RS wfetn Sraee afbe s el aaife TRTR Wk Feaer U |
TR ey S FAGAR S, 51 4T 579 A¥, Iesd Afpret M 57 A
GR e PrEsgevs Sl facaire sikel sae | 35y REiw R sagae
SIFACE ISR ATF YR FRERT AT A T | TS T STl qg=iss
RIS It Fo© IR AT M4 IRCF TS E & |
gl R AT | FrEFITmS aAd, W A BIFR (AF TP RIS
RARr TR o e TR GIEN @SS ARTe TR | @A
TRoE R (FIIBR) TR FEH S50 BT, S G (AS-FT q<R
R Mg AR T AT A Yo Fe Ao S g |
Sfeavaeaft =I5 T seFET FrEdt SR T AW, FERCEAM AT A FEA
Tive Iel | «ft g3fs g IRl A dFIfFe = H538-9 | FROF Wt @ ity
Cre <l 20—

e, O3 A8 AT

IFE GRCT ARG NS




DM e widie o Sy

I S, @ MY T AR R

IF O | SN Sfg-oG [0

U, SieR-3WCE %, 12 (o

e el o

(A1, 5538F: 0d)

59 RCAm AR Y538 RSITH oo SRmI-Soeral vig A s oS wisie exgg
5 ARCE FoRS T Froiew T FRoe IR Ao SR | R-Srerl 7g
A e 2@ TRA-SASIH AGLAST AT AN SIS TR | STy
feer Freels ¢ wry Rizgea sraibe [t siewew ¢ et P
QI T IS WA T GR AQEPRLAT NI FE TS AN
Tifds @ IR F@ o @ T ALET Sbpfie FAT &1 vvou RS
FE-Boerl G Ao AT Afe 26T K TS Svoa REGET e 7wl
S Bt wee Tt sikeed fife = ar of6f fem swshimad ) @
AT IS T 23 AOS d538 RBCH FApicg | ¥t wodar Fffen Forifs
fReT JrergaRe GEl, Wik werfe feem At wdy, @ R
R R{eT ¢ FFEmrg R | 8IS ITNER RS (FMe ST |-
Totoral v AR ForHfop e Wb 4% by AW | WM Sees v
HGRCAM AP A3 SIS Sie o Fesie | SRl It ot foygai—

ABIETR MR 4, (R W6 F1oFS (ST,

Teifor e W 39, JAcE 9o e |

@I GF IS IM,

TR O FCH—AIS O T S_E—

Ay o fesmre,

SIFRIR AL 9 FG O,

a1 1 o,

7% R AR O SHS A 9F ©fF;

Y AT R,

PR Al TS AT I, OF IR AR

wmR R T,

ol Renforet ¥4, witg ¢ =@ G |

(M, 5538%: q0)

DYRCAM AT 5538-3¢ PIFRTER FCT& yeiifer T S| fof so35-3¢
DIt RIRBM F0eTer 0o W29 8 Ry #i0] IEF | ATIOPICT QNG '8 GG 7
T AR (P R FIS ST € TG0 el I 2 |

e PIHY AR ST TS (C° AR (RESTS BIF] FEA TF (GRE
TP | 3503 RS TIPS FeEH (B°-(S T S ey Pit-a«fe’




DM FceTer widieT o 324

eI P e st i | FReiba ¢ bR b3 QR S Jeeli—
O (IS 28 7 Bf¥, (et 2efi—mei2
VIR QI ICF SR (ST MRS A
ofST e st SR WG WA R,
12 R e o AR ey ‘o PRieRe A |
(GBI, S50%: bY)

oo AT @ffm =@ RS o IR ¢ Afosm ’owa @ o swm
IEN | O (P IR PRUNE AFIFS | R AN O qF(5 ACAG TS
SIS (The Murarichand College Magazine, vol:-xvi 1934-35, no: 1, p.1) d3If*e
2 5598 RBICA | -7 TS T (AT 491 ([T |
AAciEs R IR oA W e | WA evgfe’;

PN RN WGP’ P S bR PR NN A
FRROIRITIRA S[ted TR’ | @oTid Wy ARG’ s T oA 78 TR
ISR ; LT FOAACNRT ofeds wQeRer siel Kepeg 2= FEESw
gt Ao = @ SR A | SR =8 S5 v0-80 R 48 FfpM
I AFOT FIHE =T | O Q=TS FRro [FZh1 s 2eer—

ey M T A0 AT AR &7 i’ |

N CRCA &g~ et A0 ©ofy (ot

G SR e NZ—JP TR !

(XY, 559: R9)

RS JCER RN TR SRTNZ FANCHIRA = 11 FTARNCARA orea Rigaiees’
TN WS e IS [re =1 ROIRTIET 98 (Svd:-dvey) '
TR TOHT ¢ SRR | SF 9T (@ N ATCHRA 1A AT [
RN (P O 7, FEE AN AL G5 (@@ AR Kge =11 of =
AT SR TAPTA A TR 2 RRSIFIC Y72 FLHESITR ©F 70 =7 | S
JICS et PNGCTR 9% 0 &L R APMFCS HCae o TR 1w
T FR ARIO IRIMCF (F O 9 TP RO AR SO I§ IR | O
SRR—
THC O [ FFCNATIIZA 9J2] @2 ST TR I @ 6 %S
TZAMT G | 5 Fomiger Tfeamen oo FiReey, ol g IR T© SRl
A R | SR 4 TIPS MY WA W, ARG SRS 39
o ZIANT | AREIBN SRAF (@9 7 SRR A—9feics Ata ar | e A=eIsH
yrae R ow faeb ¥ R Axen woae afsafe sogr SR
FIRACRA | [...] O JPHRM CIANER T2 STPAICR—RIA (O FAT
NE—SE WA 7S TAfES =7 @R i Rl ClieRidl 7RI RS
*MINRICE RAN A T | A FO PSSR A Fwifos &y




BT e widie o S2b

A T T GRS (<A AR AfSs S TN BT I | [l
S5 TPPS TCIER W, WL ¢ QG-QALH AIER R TS 22 .
ORI 037 oGIF weifer & SRR 36 aifar 3@ [...] SRl
[ G (& @ I oy AR I I fw sl (5, Sv0s:
Vo)

FHMCHT G PIIE RGAATE A IS AP MCArSIcRe. dfomfq | caer
SR RIRbW Feeer yeiifercam 5% IR ool Meifb ‘F @¥ ¢ T R
IS 7 ACe ST oA et e 7t a7, @3 IRl @
TR e | Segists A iRl e 9% crem Ae—

TR AT 7% [ © 817

NPT FRR FE— 51 A1

TR I TS GIRCA LA

TIPS BT (FRI—RT e

[o..]

feet o o= Gy ot ST,

T o *ifE o1 oo A1 e e

[o..]

G T—CT AC—AREA T JCH

FRoee eetee— ey W o

weice S St IR oIgmw,—

R v iR @ T

(<Y, 3505 Y)

RS dfe e g siker wgfen arelil Rager ey e B «fkee |
T T, PO 9 TURT FEH 59 PG Sveb T | TRIWE G
TPIE I G (L T2 R O SRR =¥ | @71 e (3 FowR alres
fof Traezd S| el SETe 20O 3538 AT AN G AP IR G 9
T RR TGP FEA ISRET FETS | S5da RO |HM Fews
TR T o 271 3530 RS fof mrow ReyRegier zce P1ags.fE
S P | FIAF NN 9 et sgrog ¢ oem a3 =7 |

R IAFARR ST W I vv24 REw s s cfdar @ ey
IR N A IEH Y- Ay @3 IRer | IR JAwy ogd
AR~ BT RNETS “FAWS AT ST S =15 S (15, $534: o) |
«ft eife =W 353 RBCHT syrifenaa @ e8|

o ¢ Agfe-fRame et

@ 8 dFfo-Eme FROE @RFFRUS R[S = s Weifee | e e
(TP LG AR *F w2l | fcamrErs a1 Sty kel viors foy Raw
¢ Jfes Ao O @ IR IRON FAFR NG IW O GFFAR A |



DM FCeTer widleT o 535

A EGHE  Ow @ B3
T RPN oS cimer Wi
AN (o B qHN (AT AL
(X, S50a: d)

FEEeY >SS fReEw ST GRE—hifees o «3ifEe JRel, o e aw
AT IV FEG-28RA IhAbce WHlifew I TmE ke d5:9-3
FRrFIReS; T RS WENETaa 5% I ARFG FRT | I LY ACFCAR
fofy e afcel T R | S BRG IRl et T yrifes; W
AT |

el I bl SRSt shew T weETe e | DaEKeEE S
A IR RETR AR oDt N AF—F1e oA F1 WweifeE, [T Fee
e, @3z Bt (e dife sy e IR AifRerita o sfeRf a3ifHe
CTC “COTCAR ST Il | il QI $e i 2oi—

& ¢ 0 SIS A R QuE st @i
Jt I ! N ([T S T,
TIETAET ] A I PE-Slgl IS I
BT (T (! B (@ (!
I ST A P (9 ¢ e AR e
S ife— SR ST SITe i,
@ U7 @ (GO-GF (FR (4 O3 B I
SiqiF Sife! G (TCCR!

(A=, S5R9:90¢)

RIPM Feerer SYeNfeE, 39 IET AP 2R H539-, 9T GO TR
IS = “COICH WCTA” (A& A I 4SS IR ; b FARA *A-ACS” (CF
HRCA G2 *RCed (@m-Sew o) o weiskew @i sewe Suwiahie
TS SRS | TG0 (TS TR IR I (W) TS = 20 9, 44T
AR, AT CISTL RIS T PO AR, QI LFPIFIA S0a-0br | S
o e R Rmer o 4o 35 I§, TR RO, b ddHFeE
So0b-va | TN i wig O™ FeTees =g 77, K9 o= 497 I JEmes
T | f5g TeeCER AH! @PIICR Jroit @R fo @RIRE W&y g |
JRICTH BI-ICA BIFiaae Prelm ot o ¢k 315, Fea sers &iqe et
(PO 8 QARG REAICFE, 97 T JCorz OF Iy | @AY IRl Ao
CTeTR 7S N Rewa (gD Ty 2eeti—



BT FceTer &A@ Swo

Q SIfy (I R e
T CAAIT (I
(5T (AR, BV oI (2 |
AFN-rorced Ao Set
R o,
@ ST 17 oo s farez |
I T BB AT
O FEE ID =R WK O |
@A G2 7 ool gu e |

(TR, 5509: SEb-bR)

q3fs e A IO et Per Wi, Siom sie! @ i Sepes vl
A | ARTEN 4G G5 RO ACACR TP NN | SR A fvsgot—

PG TP forrifer pemmiiest
Fhe et | e (& Wit

e 5 frrorget opeger—
ISRRIBSIAI R T oG

I$ =W I TR,
Ao 4=t et foemiea <5 et
FIEH A | FIEH A |

(49, S5Wr: 99)

I P G SO F-I4 SIS ZW 5 5¥ CE ST TR | O fofey axw
T iftm =g | o THew Rew g w@r 3@ 711 3Reifbr ovw s vt
G TRES 1 F0eT—

@A
Jiferer eba fair ceica—
@ (R
FBICS (T e
78-7R-F G-I T© |
FRCS A, —
T G RS T©
RCAE *[© * A |

(=S, 5524: 0d)

TR AICE SRl R | Sy REIw 1 FR@iflb aeife =1 w3 fofy ppd
e cofim =g | @fbe q=fs (RICET T BT FR! ACS P IEP @ TSR
IS TACR | Y P KA A e Tl 3ot o= &g «@sfos @21 ogw
FRroR i wei—



DM FCeTer SiAlT o S10d

FUW, O (TR AR A Fifcs
SRR o FP T AR A,
T SR e Qe
oI ARTe 2R e AR
(AP, S50R: €R)

T Rarel aMig— o g IR @=F FJaren we a1 Svox RS
fof vod T iftlar =9 foeet | o el 243w FESH bt frgai—
ST o AT I,
o5 TT—
THCAR ST FOIT; (N oM
SEUGEERCIGH

(A, S59R: @¢Y)

O TR WP T o w6 SR ety e J{IRE | O aFe AN
I R PR | O 24 TE 11 0 =, doob RBCH JoF 47T I |
G P W ST FLIoa FE | FROIbF 2T BI—

S
SRESCEI RS REREAC PSR CE(e]
LA SACE]
iR
(OIS AR ACA— |
T G FCE SN AT o1 |
(PTITE, S50 ¢5)

ACFEFNS (PRI GG FROT GR G o ANe IR | Fel 7fos FHeam
IS HEM-HNT G QPR SN T | SIS = dv0a RBIeH Feerer
PIETAR Ko™ IR AU '8 oS TR | AT * M- 70 Ao (et IF—

TR-JWE W YR, gA-PRIRE S

I AR @ IR TR, FEA SR e,

- PR e

AT 50T ©I'F EIR Sf sl 7R &R ¢

RECVR 37 e At Fegifer Boo

faficea e iy o IR et ©IF e o1y |
(PRI, $509)

“Q I, ACENCF T G FFVFvE o FRST | IAFAR 9157 FREC 17
s el I61 @ | IRFAIL SIFF @R eI iR FReADI FIRUGER 7T
T AfETS; O o IS TR T TR | ATHIAR (PTIF FROW @
“Toagrrrrers aer wChez ©f fgsewz Be dfser famd | sl ze Swffs




SRITROW e ST o S0

o T—

QST SATH (KR H T TG
« et U S, wfeea, =ifes Aifi—
BRI T =R IR A *1fers, @ @ |
SR, GFE—
(O BT AR, CITCRF, (BRET “ma ¢l o |
S9N AT I TN, G- Gl —
QESGTAR, ATRI-*eT Aw—
R T (AR 2N oITes Tel,
Sifex oz PRI e (1 |

(CA1330, 5594: d©)

WP FeEEye FRpER P et ¢ abe sRor AT SerFiFs
e | P SiTR GRS IR (S5e) R SR FFFF AEHIKAR Ptr-
P (550%) 8 RYL’ (S508) FROT b 7AW T0e7rd TrE el AACR | & A0
e W @, A AW O (S598), FHPA Bm T Mg e
(5509), (MR-TM A TFCHE *F (S»08), (V. FRIT AL T8 Czw AP<-9°
(5599) R T’ (S5ot), (RAGTRR oA (S50Y), A CHITAR I A AR
(5598), ¢TI ST TR (Sp09) 2pfe el ey e 7= S |
QR . TR ST T POl SR S el 7eeTl—

(I RSl ciyferm ¢ =t ster

e A Bt T o, ST [

(IR TS (ST AT S TS 72,

94 STl R SR Si, JRITS A A

(T, S50b: a¢)

FEEN T B MR A e RN 9B SRR TR S5 I PO
TR | ISR AR 5fRE TR IR e @I | FReifba S|t e IR
TEASRE [ FRPAEH A T FEE O | I-FT T Tl S8 RS
IFIRDI FCT& (AT HZQ A S | 000 RBICH IMIZ e Y AICN o @ls
JeY GRS 7| DM I ey dife o siReifba fPrer T
ST RCT—

ifer PR AT T (@ AANRT AL N

TR XA (GO G0 AR I G |

G (@ Ser I R SR P (MR FICR 90T

COIITE ST RN (TS T eI (T (AT |

TSI AT AN 2ot I BT g 7J |

(Ta, 594: S4-583)




BT e widie o S

¥539-89 RBN 488 DM e WHNfEey FEIa W ERI o 8 47w
MG Ciere FROT A IW GFECa | FRE A FAFT BIEE; I©! 80
QR | gf5 Wrg oy el T REw ¢ wifers spigRe | sieifl e i Tyo
30 -E—

&irx &ieg IR et SroiTeR NeA—

VEAR (Al BT :

[...]
A TR, W T FIS O TG |
[...]
IR et @ g e,
[...]
SesE A s et sifa
CRI9N (1R N &iew
O WA
q% #2 i
@3 Sifreg forer |
[...]
I B (e
5 B (e e o |
CBIT (AT—
foreT ©T P WTheH |
IS HI—
GTACE I ©I'F AR (MR,
A FCE b 6 7 Piw—
oI WIfer qCheR e |
TGICA «fE ACA-R (B |
T2T$ e reE—
ves ol & ot
TG A |

(TR, S50a: 89-85)

« FRem fw Prozm FURR; T SR PS Prom frig o ot FTR
TR (BIY° (ST (A =R TP I SO (IR ©IeoR (AT T, A
R et 2wt Prom g (ied et IEfe @ 2@ NFK @0F M| FAB0
GIRA Hew Rew g o I 91 o o FReifbrs afseir 3w @z
fgTweR |




DM FCeTer widieT o S8

oREe FRe!

R oREte IRe gl xR Few wrifteT [y =am | kge IR
FECR FIF -7 P Q0P R WW ¢ e SRy e ASlR s
Py wRiReE ©iRle ARy JeE AR Wb | Ao SEHE SR
IERY TG IR I IR ST Y, W @I GTje T
SPRR 7> IO 2 SR FCCTA “Translation from Tagore’ FCH | AFH
PR SEHE AWM= N Svob-q G IR GoRM I, FR@IG BER
q[m O & W A | faee [RiSy e st sRew 9 ARl anw v
Q_C‘_'TT—

AR —e: T P Ve aFIe See !, TGRMCT AN 8 AFHIHT

€ | AT | AP Pt
A IR fRam-i2lr (e 2) So¥ | SRIT | Shov-ed | @S
©EI5Ie
(R RE] e 3 (FIFMieR | 5ed | e | d5R0-3 88-8Y
oI5, TN W 2R0O); | 5PF | PO | 550-3% | qb-a4
& A ¢ ISR
&

57 SBI5IS s (Cifem el 200) | W | ol | 5535-33 | 8v-8b
S C Sen Gupta Translation from | SV | YV | SH08-0¢ b
MA Tagore

G T G CTeE F© TAFALT G5 FIOT S T ReeT—
Sweetly shall I sing the ditty, O Lord! But give me the voice and teach me the
tune.

In melodious note shall I pipe forth the song, so long as thou reignest on
the lotus-seat of my heart and fillest with my love.
But near me when I sing and let me benign eyes shed their nectar on me.
By the loving touch do Thou remove my sorrows their pangs and from my
pleasures their pride.
And so shall I sing the song in all its greatness and melody.
(Sengupta, 1934: 8)
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