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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™®, a is the sum of a scalar x and a vector A, i.e.

a = x+ A . It has satisfactory mathematical tools 12/,

Two Mixed numbers & and b are equal if x =y and A = g

The addition of two Mixed numbers can be written as
a+b=(x+y)+(A+B) 0
where & = X + Kandb = vy + é_’

" 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, g =x+ K: (x+A E+AZ ];I-A3 l% ,  where x,
A, A, and A are scalar values and E, _Eand IE are basis or
unit Mixed numbers. The product of two Mixed numbers & and p is
defined as
— \— —~ o \— — .\~ —~

ab(x+A(y+B)=xy+A.B+xB+y A+i A3 B (2
where A. B is the scalar product and A3 B is the vector product of the
vectors A and B . The product of Mixed numbers is associative i. e.
(@ pg=a (b y (3)
where D = Zz + C is another Mixed number. Taking x =y = 0, we get
from equation (2)

[ [ i - o

AAB = A.B +1 A3 B (4)
[The symbol A 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 Sj where S is at rest
and the frame Sj 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 Sj coincide
at the timet = tj = O. The relation between the coordinates of S

(x,y, z,t)andsi ( Xi, Vi, Zi, ti), which is called the
special Lorentz transformation'®, can be written as

Xi= g(x- vt) (5a)
Yi=Yy (5b)
[zi= z] (5¢)
ti=g(t- vx) (5d)
Where 9= >
Y
1-
@)

1.2b Most General Lorentz Transformation

When the velocity V of sj frame with respect to S frame is not along X-axis
i.e the velocity v has three components6 ,6 and 6 , then the relation
between the coordinates of S and g;, which is called Most general Lorentz
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transformation), can be written as
C C C.r.v

ri = r+vj( ) (g-1)-tg] (62)
ti = g(t- r .v) (6b)
where g = ———— and c= 1.
- %)

If VX' Vy and VZ denote the components of the velocity of the system Sj

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

YA
Xi= hEh L y+(g-1)—22z- Vv, gt (73
V \Y/

2

V,V,
>}y+(g9-1) yz 2T Vyet @

2
z
>}Z -V, gt (79

yi=(g- 1) V yx+{1+(g 1)

zi=(g- V52 x+ (g~ )~
ti=- gv,X- gVyY- gVv.,z+ gt (7d)

1.2c Mixed Number Lorentz Transformation

Let us consider the velocity V' of Sj frame with respect to S frame is not along
X-axis i.e. the velocity V has three components6 ,6 and6 . Using Mixed
number algebra, the relation between the coordinates of S and Sj which is

8101 can be written as

called Mixed number Lorentz transformation
ri = g(r-tv- irs3v) (8a)
g(t-r.Vv) (8b)

where I~ and ﬁ be the space part of S and Sj frames respectively.

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

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

Xi=g{X-tv, -i(yVv,- zvy)} (92)
Yi=g{y-tv, -i(zv,- xV,)} (9b)
Zi=xX z-tv, -i(XV,- yV )} (9¢)
ti=g(t- XV, - VYV, -2ZV,) (9d)

[8-10]

And using inverse Mixed number Lorentz transformation , We can write



x=g{ Xi+tiv_ +i(yiv_- Zivy)}
Y=gl yi+tiv,, +1(ZV, - X))
z=g zi+tv  +i(Xivy - yiv )}

t =g(ti+x|\/X + yivy + Zi\/z)

DM Feerer ST o St
(10a)
(10b)

(10¢)

(10d)

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

Transformation

Let us consider two systems S and Sj, the latter moving with velocity v
relative to former along X -

X axis. Now consider a mirror M to be

fixed in the Yj - Zi plane of system Sj. For simplicity consider the mirror

to be perfectly reflecting, moving in the direction of its normal relative to

system Sj
Y Y’
A /k
S
S!
M .
.."(P' (Pl
0 o’ . w X X' >
""""" (pz '
....... ()
>
vV

Fig 1: Reflection of light by a moving mirror where a mirror M is fixed in the
Yi - Zi plane of system Sj.
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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-
sinf, _  sinf,

COS +v B g(cos,- 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 Sj where the system Sj 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 6 and 6 . Now consider a mirror M
to be fixed in the Yj - Zj plane of systemS;. For simplicity consider the
mirror to be perfectly reflecting, moving in the direction of its normal relative
to systemsS;.

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

2 2 2 .
gvyv +sin f,v© +(g- 1)vaycosf1+(g-1)v y sinf;

gva2 +cos/‘1v2 +(g- 1)v2X cosf,+(9- 1)vaysin fy B
-gv v2-sinf v2+( -1)v v, cosfo- ( -l)v2 sin f
9 y 2 9 X'y 2- g y 2
> (12)

A cosf2v2 +(g- 1)vaysin fr-(g- 1)v2x cosfo

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 Sj where the system Sj 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 6 and 6 . Now consider a mirror M to
be fixed in the Yi - Zj plane of system Sj. For simplicity consider the mirror
to be perfectly reflecting, moving in the direction of its normal relative to
systemS;j.

Let the corresponding angles of incidence and reflection as measured by
observer in system [S] be [f 1] and [f 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 [(p+/ i)] in system Sj and [(,0 +f 1)] in systems; while the angle
of reflection is [(2,0 -/ i)] in system S;j and [(2,0 - f2)] in system S.
Let the incident ray in system S and S;j be represented by y» and y i where

A _ xcos(p +f£q1)+ysin(p+£q)
y =gepl2pint- 1 1] (13)
andyi=§exp[2,0i/7i{ti- xicos(,D+fi):yism(/?+fi)}] (14)

where /7 and ni are the frequencies of the wave as observed from systems s
and Sj respectively. As phase is a Lorentz invariant quantity, using equation
(13) and (14) we must have

XCOS f, +ysin f Xjcos fi + yisin £ij
N YISy s

Using c=1 we get from equation (15) can be written as
n{t+xcosf; +ysinf,}= ni{ti+xicosfi +yisin fi} ()
Now using equations (9a), (9b) and (9d) in equation (16), considering the

n{t+

velocity of V have two components 6 and 6, we get

n{t+xcosf, +ysinf;}= ni{g(t- xvx- yvy)+g(x- tvx)cosfi+g(y - tvy)sin fiy

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

o

V4

Fig 2: The system Sj is moving in any arbitrary direction with velocity V relative to the
system S where a mirror m is fixed in the yj - z; plane of system S;j.
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Equating coefficients of T in above equation (17), we get

n = niogl- vycosfri- vysin ri} (18)
Now equating coefficients of x in equation (17), we get
ncosfi= ni{- 9v, +gcosfi} (19)
Using equation (18), we get from equation (19)
cosfi-v
cosf, = X (20)

1- v cosfj- v sin fj
X y

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

nsinf, = ni{ - gvy +gsin i} (21)
Using equation (18), we get from equation (21)
sin fi- v
sin £, = Y (22)

1- v. cosfi- v sin fij
X Yy

Combining equations (20) and (22), we get
sin7Fi- v

tanr, = Y (23)
cos’ri- v =

This equation (23) gives the exact relativistic aberration formula. Now using
equations (10a), (10b) and (10d) in equation (16), considering the velocity of
vV have two components 6, and 6, we get

V_ +cosfy
cosfi= X - (24)
1+v_cosf; +v _sinf,
X y
v +sinf;
and sinfi= (25)

1+v_cosf; +v_sinf,
X y

Combining equations (24) and (25), we get
sinf +v
tanfi= — ¥ (26)
cosf +v
X
Similarly for reflected ray the relation between angle of reflection in systems
sand Sj is obtained as
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sinf,+v
tanfi= —— (27)
COSf,-V
X
From equations (26) and (27), we get
sinf,+v sinf,+v
y y

= 28
cosfl+vx cosfz-vx (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
sinf, _ sinf,
COSf;+V B g(cos,- v)

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

transformation

2. .2 2. . 2 an vl PRIV
gu Vo ssinfyy +(g- 1)vaycosf1+(g- 1)vy5|n f1 gv,v=-sn fov=+(g 1)vaycosf2 (9 1)Vy5|“ fy

2 2 2 . 2 2. . C a2
gvy +c0sf{ v +(g- 1)vXcosf1+(g- 1)vxvys|n fp guy cosfyV"+(g 1)vaysmf2 (9 1)vxcosf2

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

number Lorentz Transformation

sin f1+Vy sinf,+v

COSfi+V — COSfy-V

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 Q£ 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 Q¢ . 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 Q @ p ¢but
Gregory thought it is'Q 0 P gand 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 'Q @ P d2]. Finally, the truthiness of Q G P Qwas
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 Y0 6 & an equilateral triangle with the sidesd 6 6 6 60 @
We draw a perpendicular 0 Tfrom the vertex O to the base 0 O Let the height
of the triangle is® ‘O "Qand the amount of every internal angle of the
triangle 0 0 @ — rad. So, each external angle will be — rad. Now we consider

the below Figure:
A

T
3

D
Fig 1: Equilateral Triangle

In Figure 1,i Q¢ 6—or,1 Q¢ -or,— -
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CThe height of the triangle & 6 & Q " units. Therefore, the area of the
triangle 66 6is ¥ - 66 60 - & Q - & 4 Y 4

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:

Or,— — —,where0 D 00 i YOQQOI

Or,— - —whereD D Y | —0i @Q&EOQ0O
CThe area of the sectoris0 -1 —where —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 wof a right circular or oblique circular cylinder is measured by
the formula @ 6 Wi QdOQ WONow 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 0 O @nto rectangular shape named 0 "O06 Without changing the height
006 1. It is clear that the half-cylinder with base radiusi , where
T 1 1, heighti, is created by the single rotation of the rectangle 0 "O0. 0
For the new making cylinder, the scalingis0 6 0 0 p @ells =1 inch =

i,00 i p @t v ells (approximate) = 0.816 inches = 0.8161 . Here, the
volume of the new half-cylinder with base radius T@) pi@nd heighti is
W “i i “ MPpip 1 THOW -“1  cubic  units

(approximate). The volume of the hemisphere with radius0 6 0 "O i is
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

“

the hemisphere with radiusi is @ -“1 , and hence the volume of

the entire sphere is @ C -“1 cubic units. Also, the

volume of the entire cylinder with base radius i and height i is

W “i ¢l ¢“1 . Here, @ -“q - ¢“i -0,
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 i . Now we would
like to find out the number of spheres, i.e., kissing number Q¢ insucha 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.
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 Qp and Q¢). We have the following sphere with center 6 and
radius® 0 i

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 dimension is Q p C

4.2 Kissing Number in Two Dimensions, i.e.,

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 O (center of the
central pink-colored sphere) and with the radius 0, 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 'Q ¢

The area of the new circle is 9“1  sq. units. Suppose this new field contains an
area equal to the area of € circular field with the same radiusi . Here, triangle
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0 ‘O an equilateral triangle because each side is ¢i . Now we find the area of

the regions'Y and'Y marked in Figure 9. The region'Y =Y5 OO o

3AAOOOL ¢ o -i - Vioi  — [With the help of sub

sections 2.1 and 2.2].

Also, the region'Y =3 AA®T003 AADO0O3 AADDO ¥6 00
-l - -l — -i — L ¢ — vai.

So,Y Y = ——sq. units.

We know from the circular permutation there is an &€-number of places

between € things. Therefore, the total area outside the &€ number of circles

and within the 9“1 areas=¢ 'Y 'Y .Here we can form an area-related

inequality 9“1 -¢ Y Y &

€ o U

oy

I [8]. This inequality implies that

4.2.1 Choosing the Perfect Value of »

(i) Ife X, there are 7 - 1 = 6 non-overlapping spheres that touch the
central sphere, and this result verifies the 9“1 areasbyx“1 +¢@ (Y Y)
=i

(ii) Ifg W the result doesn’t verify the 9“1 areas by W't +x (Y
Y)=—

Similarly, € Pdoesn’t satisfy the mathematical logic.

Therefore, the kissing number in two dimensions is Q¢ @, for a similar

@, is given here:

Fig 10: Final figure for Q¢

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
isQ¢ o
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4.3 Kissing Number in Three Dimensions, i.e.
We sometimes discuss the problems of sphere packing in Euclidean geometry.
The kissing number problem in three dimensions, i.e., Q0 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 €
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 @i as the
height of the cylinders, the sum of the volume of the respective space will be

@i @i cubic units. Since the above-mention € spheres must be non-
overlapping, here we have another volume-related inequality which is

- @i ol € - “1 [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 that€  p Y

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

(i) If e p Xthere 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,
€ pX o

(i) If& p @there will have to be five spheres ("YRYRYRYRY 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,€  p @

(iii) If& p v the same logic described in sub-sub section 4.3.1(i) is
applicable.

Therefore, £ pu

(iv) If € p Tthere will have to be four spheres "YARYRYRY 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
("YRY out of the four spheres can touch the central sphere, the rest two
spheres ("YRY 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 "YAYR'Yhand "Y 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, € pT

(v) If€¢  p othe situation is similar to sub-sub section 4.3.1(i).

Therefore, £ po

(vi) If  p ¢ we will get three spheres ("YAYRY 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 ("YAYRY 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 Qo

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
If¢ p fuhthe condition of touching the central sphere is celebrated, but as
per the definition of kissing number, the maximum value of € is 12.
Therefore, the kissing number in three dimensions is Qo p 8

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 9“1 sq. units area for kissing number Q¢ Q.
In three dimensions, we need at least—  of'1i ol o Pi cubic
units volume for kissing number Qo P G

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@ 'Y Y ¢"
could not fit a single sphere because these areas are discrete. In the three

| sq. units area in 2D space where we

“oy “

dimensions, there have lost— o i @ po- “i — “1 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 Q @ P Gs 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
methodological approach of research design. 180 rural students were
randomly selected, and 15 science teachers from 10 schools were
selected as key respondents. 12 science lessons were observed to
collect data. Data were also collected from student questionnaires,
teacher interviews, and classroom observation by the researcher. Up
to class eight, science teaching-learning activities were not conducted
according to the instructions of the science curriculum. Most of the
teachers were not concerned with the curriculum and TG (Teacher's
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
were found to be nearly absent. Teachers reported excess pressure
from a number of classes and a lack of practical equipment as reasons
for not performing curriculum-based activities. Teachers are careless
about using proper teaching aids. Science teaching-learning is going
on fully lecture-based devoid of participating the students in the
classroom.
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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
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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



SRR e ST o 8

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

) 1
Justify prior Settled Prepae
knowledge = learning = contentio
objectives fulfill
objectives
Repeat if Evaluate the Conduct
necessary | «m objectives <= | partcipatory
learning




