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EDITORIAL

It is a pleasure to publish issue 30.1 of
Physics Education. This issue deals with a wide
range of problems, from wave packet propagation
to physics of Gulli- Danda. It has papers on
Clausis- Mossotti equation, solar flares and on
laboratory issues involving thin films and optics.
A paper developing some quantitative measures of
students’ involvement in a laboratory may be
interesting in the context of educational methods

and their evaluation. I think it is much more
interesting to read these papers than following any
description of them.

I wish you a happy reading!

Pramod S. Joag.

Chief Editor, Physics Education
Chief-editor@physedu.in,
pramod@physics.unipune.ac.in
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Abstract

In this article, we discuss the time evolution of a square wave packet and a triangular wave
packet. The approach followed in this study is to express a square wave packet and a triangular
wave packet as a sum of several Gaussian wave packets. Specifically, the time evolution of a
square wave packet has been derived here with three and five Gaussian wave packets; then the
time evolution of a triangular wave packet has been derived with three Gaussian wave packets.
Their evolution with time has been plotted using MatLab™ over appropriately chosen time
intervals. The results are compared with those of a Gaussian wave packet.

Keywords:- Wave packet, Schrodinger equation, Gaussian wave packet, Triangular Wave
Packet, Time Evolution, MatLab™,

1.Introduction particle, the superposition of many plane
waves results in a function called the wave

function y. The wave packets are
decomposed by Fourier Transformation and
their time evolution is found which is of
physical interest. In this article, the time
evolutions of non-Gaussian wave packets
such as the ones mentioned in the abstract
are found. The time evolutions of square

Wave packets are superposition of plane
waves used in representing a particle.
According tode Broglie’s matter-waves
hypothesis, material particles such as
photons and electrons exhibit wave nature
and show wave phenomena such as
interference and diffraction. For a localized
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wave packet and the triangular wave packet
are of interest as they are often encountered
in wave analyses. Using Green’s function
approach, Mita (2007) shows that the
probability amplitude of any non-Gaussian
wave packet approximately becomes a
Gaussian as it disperses [1].Here we obtain
the same result using a simpler approach of
approximating a square wave packet and a
triangular wave packet as a sum of several
Gaussian wave packets. Mita (2007) points
out the following advantages of using a
Gaussian wave packet:

1 _ (e=w?

202

exp [

P(x,0) =

V2T

where the wave function depends on the
position and time coordinates, ¢ is the

standard deviation from the mean p, the
1

o2
packet and ko is the wave number.

term is the amplitude of the wave

For the sake of comparison, we write the
expressions or the time evolution and the

a) A Gaussian function is easy to analyze in
closed form

b) The Fourier Transform of a Gaussian is
also a Gaussian and

c¢) The Gaussian wave packet gives rise to a
minimum uncertainty product at time t=0.

[1]

In order to study the time evolution, we use
the following form of the Gaussian wave
packet as given by Greiner, W (2004) [2]. At
time t=0,
+ ikox| (1)
probability distribution of the Gaussian
wave packet. We have also plotted the time
evolution of the Gaussian wave packet using
MatLab™ for the sake of comparison. The

evolution of the Gaussian wave packet at
time t is given by

Zazikox_ihtkozaz_zhtkou
—(v—11)2
Yo ) = e | i @)
\/ﬁa(l+%)2 ma?
The probability distribution is given by
!
At 2 htkg)?
. (+Ge)) _{eent
V0= e | e v

whereh = %; h is the Planck’s constant. This
is also a Gaussian distribution with width

at \2
o |1+ (W) . We have assumed kgto be
Planck’s constanth = 6.6X10734 Js

Mass of electron m = 9.1X1031kg

Mean value for the Gaussian wave p =0

zero in order to simplify the calculation
implying that the wave packet is at rest. The
following values were used to plot the
expression (3) in MatLab™:

Standard deviation of the wave ¢ = 0.5.

The following graph was obtained when the
expression (3) was plotted with the above
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mentioned numerical values was plotted for different values of time t.

Plot of Probability Amplitude vs x
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Figure 1: Time Evolution of a Gaussian wave function

2.Square Wave Packet

Consider a square wave packet with amplitude A and width Ax as shown below.

Figure 2: A square wave packet with amplitude A and width Ax

If we try to find its time evolution by the encountered are hard to solve. Hence, in
standard method, the integrations order to simplify the calculations, the square
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wave packet is expressed as a sum of
Gaussian wave packets of same width and
amplitude as shown below. In order to find
the time evolution of the approximated
square wave packet, we find the time
evolution of the system of Gaussian wave
packets. Let us assume that the square wave
packet is comprised of three Gaussian wave

Y(x,0) =

LP(x,O):;exp[ Ger)” ”1) +lk0x]+—e p[

ov2m
ikox]

packets. Let their wave functions be Y,
P,andy;; let their mean values be pq, U,
and pzand let o be the standard deviation.
The forms of y at time t=0 and at a later
time t for a single Gaussian wave packet is
given by equations (1) and (2) respectively.
Thus, the square wave packet is expressed as

PY1(x, 0) + P,(x,0) +1P3(x,0)

(X—#s)z
202

Hz)

202 +

+ lkox] + ?exp [

(4)

and at a later time t>0, the square wave packet is expressed as

Lp(x' t) = ltbl(x! t) + ¢2(xr t) + 1/’3(95' t)

intkg?0? 2htkgq

ihtkg?0? 2htkgisy
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The probability distribution P(x,t) of the system of three Gaussian wave packets is given by

P(x,t) = |¥]* =

[y + 1, + 132

W2 =, % + > + P35 + 2Re(P1,") + 2Re(Y15™) + 2Re(,o1h3”) (6)

where the asterisk indicates complex
conjugate. The probability distribution for a
single Gaussian wave packet is given by

equation (3). Therefore, we can write
for 1,2, ¥, and 1, %in equation (6) as
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For the term 2Re(1,3,") in equation (6), we write
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Similarly, we can get2Re (¥, 3" )and 2Re(¥Y,3") as
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We assume kj to be zero and use the determined forms of the terms in the LHS of equation (6)

and rewrite it in the final form as
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For the estimating with three Gaussian wave
packets, a square wave function with some
arbitrary amplitude within x=0 to x=2 and
zero elsewhere was estimated. The Gaussian
wave packets had a full width at half
maxima equal to o =2/10. The three

Plot of PSI vs x
25
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Figure 3: Approximation of a Square wave packet by three
Gaussian wave packets

Now, with the same values of mean and
standard  deviation, the  probability
distribution of the approximated square
wave packet given by equation (7) is plotted
against x for different values of time‘t’.

{(x—u)¥? {(x—uz)¥?
—— )+ -l It +
(u(%)z)) e’“’( az<1+(%>z)>}
(x—u2)2+(x—,u3)2
+ — b TR 7
) e’“”( (1 (5)) )] 7

Gaussian wave packets had mean values at
Uy =1/3, u; =1 and u; = 10/6. For the
purpose of approximation, a Gaussian wave
packet of the form given in equation (1) was
used withk, = 0. The plot thus obtained is
as below

Here, again we use the same values of m and
h as in sectionl. The plot obtained is as
below.

Plot of Probability Amplitude vs x
45 .

t=0 sec
t=0.01sec [y
—t=0.02sec

t=0.03sec H
—t=0.1sec

IS

w
o

w

N
o

~

Probability Amplitude

o

o
o

Figure 4: Time Evolution of a Square Wave packet
approximated by three Gaussian wave packets

Thus, we see that as the square packet
evolves with time, it spreads and
approximately becomes a Gaussian.
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The square wave packet was also
approximated by five Gaussian wave
packets with standard deviationo = 1/5.
The mean values for the Gaussian wave
packets were taken to beu; = 2/15,u, =
17/30 , u3 =1, u, =43/30 and us =
28/15. The width of the square wave packet
was fixed to be a=2 and then the interval
was divided into 5 parts a/l5, 17a/60, a/2,
43a/60 and 14a/15. The resulting figure is
shown below.

Plot of PSI s x
25

Gaussian with mean at 2/15
Gaussian with mean at 17/30
Gaussian with mean at 1
Gaussian with mean at 43/30
Gaussian with mean at 28/15
— Estimated Square wave

| \/\fp\

0.5

3. Triangular Wave Packet

In this section, we discuss the time evolution
of a triangular wave packet expressed as a
sum of Gaussian wave packets. Consider a
triangular wave packet which is comprised
of three Gaussian wave packets as shown
below. Let the wave functions of the three
Gaussian wave packets bey, Y,and Psand
let their mean values bey;, u,andus. Let the
standard deviations of the three wave

Figure 5: Estimation of Square wave packet by five
Gaussian wave packets

The probability distribution of the Gaussian
approximation of the square wave packet
above is then plotted and is shown below.

Plot of Probability Amplitude vs x
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Figure 6: Time evolution of Square wave packet with five
Gaussian wave packets

We note that the square wave packet
estimated by five Gaussian wave packets
gives a better approximation. See section 4
for a detailed discussion.

functions be o; and o,. Here the two
Gaussians on either side of the central
Gaussian wave have the same standard
deviation. The time evolution of a single
Gaussian wave packet is given by equation
(2). At time t=0, the wave function of the
system of triangular wave packet resembles
the form of equation (4). At a later time t>0,
the wave function of the system is expressed
as
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IP(xJ t) = lpl(-xl t) + ¢2(xl t) + l/J3(x' t)
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The probability distribution of the system is given by
P(x,t) = [¥|* = |[¢; + 1P, + 32
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The first three terms on the LHS of the above equation are
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P 27‘[012

In the above equation forll)32, o] appears as
we have assumed that the Gaussians on
either side of the central Gaussian gave the
same standard deviation i.e. 6; = o3. Also,

2Re(ll)11l)2*)

1

the amplitude of ,depends on the slope of
the triangle. The remaining terms in
equation (8) are written as

htk
— 2(pp01%+1105%) ( mo

- x) + Up 01 %+ 111057

2 2 h2t2
20,40, (1 +—m20120_22)
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h2t? 2 Atka\2
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o103
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R%t2 \ 2 Atk 2
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Once again, we assume the value of ko to be zero and since we have also assumed 6, = o3, we

rewrite equation (8) in the final form as
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In our numerical analysis, the standard
deviation of the central Gaussian wave
packet i.e. 62 was chosen to be 0.5 and o,
and o3 were chosen to be 1. The mean values
were chosen to be -5/2.5, 0 and 5/2.5. The

2 2 thZ
20,40, (1 +—m2012022)

probability distribution of the approximated
triangular wave packet is plotted against x
for different values of time t. The values of
m and h were the same as the ones used in
sections 1 and 3.
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Figure 7: Estimation of Triangular wave packet by three Gaussian wave packets
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4. Results and Discussion

When the Square wave packet was
approximated with three Gaussians, its
amplitude was found to be 2 (fig. 4). Here
the estimated square wave consisted of dips
where the overlapping of Gaussian waves
was not as significant. This is due to the
intermediate terms in equation (7). Its
probability amplitude was doubled, i.e.
approx. 4 at time t=0, which is as expected.
The probability amplitude at time t=0
consisted of some irregularities in the peak.
With time, as the Gaussian waves evolved,
so did the estimated square wave and thus
the probability distribution of the square
wave became smoother, broader and
assumed an almost Gaussian shape which is
clearly visible in fig. 5. In the case of Square
wave approximated with five Gaussians, the
dip in the final wave form reduced
considerably due to significant overlapping
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Abstract

As we know sun is a prime source of life for our earth so it is very important to know all
activities of the sun and hazard occurred by it. Sun contains enormous amount of energy in the
form of electromagnetic spectrum, particles, electrons, ions, gases, atoms and plasma. Time to
time they emit tremendous amount of energy and matter into the interplanetary space which
create space weather and affect the other planets in the interplanetary space. A number of
phenomena are continuously occurring day and night which is the source of space weather
such as prominence, solar flares, coronal mass ejection (CMEs). Sun continuously released
energies, energetic particles and plasma in the interplanetary space in all the directions. Sun’s
atmosphere is divided into three main layer (1) photosphere (2) chromosphere (3) and corona.
Many activities continuously occurring into these layers, as solar flare and CMEs are one of
these. Although not all the solar flares are affecting our earth’s atmosphere but only some of
those whose intensities are high like M-class and X-class solar flares.

How Does the Solar flare and CME
affect the Earth?

The Sun affects the Earth through two
important mechanisms. The first
mechanism is the sun’s energy. The solar
flare is a localized explosive release of
energy, high energetic particles and protons

that appears as a sudden, short lived
brightening of an area in the chromosphere.
Flares are rarely visible in white light that is
emitted at the photospheric level but visible
in EUV and X-ray wavelengths, i.e. emitted
at the chromospheric level they display
enormous release of energy and produce
structural changes. In the radio region, (i.e.
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at radio wavelengths) their effect is
marked by various types of emissions. Solar
flares release their energy mainly in the
form of electromagnetic radiation and
energetic particles. These X-ray and EUV
waves travel at the speed of light, taking
only 8 minutes to reach us here at Earth.
The energy released in the process of solar
flares increased the velocity and

acceleration of solar wind which is affecting
the space weather.

The second mechanism in which the Sun
affects Earth is through the impact of
matter from the Sun. Plasma, or matter in a
state where electrons wander freely among
the nuclei of the atoms, can also be ejected
from the Sun during a solar disturbance.
This “bundle of matter” is called a CME.

FIG. 1: Left:- solar flare, right:-Coronal Mass Ejection observed by LASCO/SOHO.

CMEs flow from the Sun at a speed of over
2 million kilometers per hour. It takes about
18 to 72 hours for a CME to reach us from
the Sun. Since CMEs are large masses of
ionic particles moving through
interplanetary space, their energy is kinetic.
The kinetic energy of a CME is around 10%
to 10** Joule (Vourlidas et al., 2002).It has
been shown that solar flare are not the
necessarily drivers for CMEs (Kahler 1992).
More powerful flares are generally
associated with CMEs (Andrews 2003).
CMEs do not necessarily need to

correspond with flaring, although nearly all
powerful (X or M class) flares have an
associated CME (Andrews 2003, Yashiro et
al. 2005). The larger flares tend to be
associated with CMEs, but for even X-class
flares about 10% of them lacked CME
association (Gopalswamy et al. 2008).
When a CME impacts the
Earth's magnetosphere, it  temporarily
deforms the Earth's magnetic field, and
inducing large electrical ground currents in
Earth. Explosion powered by the sun’s
magnetic field (flares and CMEs) are the
principal causes of space weather (Space
Studies Board 2008).
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Space weather affects our life in
many ways such as they can change our
environments, produce disturbances in our
communication systems. As we know today
we are totally depend on communication
systems without it we cannot think about
life. The source of communication system
depends on satellites and earth’s
ionosphere where from high frequency
wave propagation possible, both are

Surface &
Interior __ =
Charging " TH
Drag Effectss*

lonozpheric

Currents’ ~

—————

Radio YWawe
Disturbanc e

Pipeline

e N G
" -Lrn—- = T

———
Earth

Currents

AT BEALD T

Solar Cell
Damage

influence by space weather. They may
damage solar cell of satellites by solar flare
protons, create plasma bubbles in earth’s
ionosphere affect astronaut safety, radio
wave disturbance, signal scintillation, airline
passenger radiation which goes through
auroral region, electricity grid disruption,
telecommunication cable disruption, earth
current etc. (see figure 2.)

Solar Flare
_.::I S Protong™

ral A.strnnau‘h‘-
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Radiation
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Image Credit: L. J. Lanzerotti, Bell Laboratories,
Lucent Technologies, Inc.

FIG. 2: space weather effect on our communication system

Here | try to explain some different types of
hazards occurring by solar flare and CME on
our earth.

Effect on magnetosphere

Our earth is a permanent magnet and their
shield around the earth is termed as

magnetosphere. The regions of
magnetosphere shown in the figures in
terms of their magnetic field lines originate
from the northern hemisphere and
terminality towards the southern
hemisphere. Most of the solar wind speed is
supersonic and superalfvenic. Solar wind
exerts a pressure on earth’s magnetosphere
which compresses magnetic line of force as
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a result earth facing towards the sun
developed a bow shock whereas on the

Magnetopause

Bow Shock

other side also developed magnetotail.

i
/ Magnetosheath

Magnetotail

FIG. 3: Earth’s Magnetosphere.

When the solar wind strikes on earth its
kinetic energy converts into thermal energy.
These energy flows behind the bow shock
and make Magnetosheath. The area
between the magnetosphere and
magnetosheath is Magntopause (see figure
1). CME carry energetic particles, plasma
and magnetic field of sun. When these CME
pass near the earth the magnetic field of
sun contained by CME is combined with
magnetic field of earth. As a result both
magnetic fields are joined together and this
joining is called magnetic reconnection. This
joining is very strong when field are
antiparallel. This magnetic reconnection
plays a key role for disturbance in earth’s
atmosphere. Plasma and other energetic
particle inter through this reconnection and
reach the earth’s atmosphere and
responsible for disturbances in ionosphere
and communication media.

Effect on ionosphere and
communication system

lonosphere is the outermost layer of
earth’s atmosphere. It consists of several
layers at different heights. At the day time it
divided into D, E, F1 and F2 layer with
different densities of ionization and at night
F1 and F2 layer combined together and
form a single layer F (see figure 4). As | said
in my previous article (Prasad et al. 2006)
each layer has its own properties, and the
existence and number of layers change
daily under the influence of the Sun. During
the day, the ionosphere is heavily ionized by
the Sun. During the night hours the cosmic
rays dominate because there is no
ionization caused by the Sun (which has set
below the horizon).
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FIG. 4: The Earth's lonosphere

Thus, there is a daily cycle associated with
the ionizations. In addition to the daily
fluctuations, activity by the Sun can cause
dramatic sudden changes to the
ionosphere. Wireless communications are
used by military, police and other agencies
in our India and other nations are also
affected. The frequency used for wireless
communication is kHz to MHz’s. When
energy from a solar flare or other
disturbance reaches the Earth, the
ionosphere  becomes suddenly more
ionized. Thus, changing the density and
location of layers and free electrons in the
ionosphere has a strong influence on the
propagation of radio signals. Radio
frequencies of very long wavelength (very

low frequency or “VLF”) “bounce” or reflect
off these free electrons in the ionosphere
thus, conveniently for us, allowing radio
communication over the horizon and
around our curved Earth. The strength of
the received radio signal changes according
to how much ionization has occurred and
from which level of the ionosphere the VLF
wave has “bounced” (Prasad et al. 2006).

Effect on Electric Grid

CMEs carry magnetic field of sun
with him. When this magnetic fields move
near the conductor such as a wire, a
geomagnetically induced current (GIC) is
produced in the conductor. The GIC is a
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direct current (DC). The main cause of GICs of harmonics to the primary frequency),
is the interaction of the geomagnetic field heating within the transformers, or voltage-
with the magnetic field carried by CMEs and to-current phase shifts expressed as
magnetized solar wind. These GICs is the reactive power consumption in the system
main cause of disturbance in power grid. (Carolus et al. 2013). The most famous GIC
Within the electric power system, GICs can event occurred in Hydro-Quebec power
cause transformers to operate in their plant in Canada on March 13, 1989, the
nonlinear saturation range during half of electrical supply was cut off to over 6
the AC cycle. The consequence of half-cycle million people for 9 hours due to a huge
saturation includes distortions of the geomagnetic storm  (Kappenman &
voltage pattern (reflected in the existence Albertson 1990).

Electrojet

Mutual
Coupling

Ground
Plane

V=@ LEedl
= |
o

s : =T /-//

- _—

FIG. 5: Geomagnetic effects on power grid.

Effect on gas pipelines and increase the rate of corrosion during
major GSs (Gummow 2002).

They may also affect the gas

pipelines. As we know gas pipelines are Effect on human body

constructed by steels and coated by

corrosion resistance coatings. The liquid or The energetic particles can pass through the

gases stored in it are under high pressure. human body and causing biochemical

For  minimizing  corrosions cathodic damage. Due to the radiation risk increase

protection is used by keeping the negative the possibility of occurrence of cancer and

potential with respect to the ground. GIC some other deceases. Astronauts are

cause swings in the pipe-to-soil potential mostly affected by this if they are not well
protected.
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Formation of aurora

FIG. 6: Aurora

When a charged particle emitted
from the sun reached in earth’s atmosphere
they collides with gas particle of
atmosphere as a result a coloured pattern is
formed. Aurora is visible at high Ilatitudes.
The colour pattern is depending on flow of
charged particles and magnetic field in it.
Oxygen molecules produce green and red
colours while nitrogen molecules produce
purplish-red and blue colours pattern.
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Abstract
In this paper the magnetic equivalent of the Clausius - Mossotti equation is re-derived for a
modern reader. The equation relates the relative permeability of a diamagnetic substance to the
magnetic atomic polarizability of the atoms. The historical background and importance of this
equation and its relation to the Clausius-Mossotti equation is also discussed briefly.

1. Introduction

Due to the symmetric structure of the Maxwell
equations there are several equations in
electrostatics which have got their magnetic
equivalents. For instance the electric and
magnetic fields produced by an isolated electric
charge and a hypothetical magnetic monopole,
respectively, follow the inverse square law.
Again the expression for the electric field and
magnetic field produced by an electric dipole
and a magnetic dipole, respectively, both vary
according to the inverse cube law [1,2].
Motivated by such striking symmetries between
the two, derivation of an equation which would
be a magnetic analogue of the Clausius-Mossotti
equation is carried here. This equation enables
us to find the extent of magnetization of a
diamagnetic substance in terms of a certain
microscopic characteristic of it. The equation
holds good only for diamagnetic substances.
Standard textbooks [1-3] on electromagnetism
or solid state physics often discuss the derivation
and applications of the standard Clausius-
Mossotti equation. However, none seem to
extend the idea to the magnetic case. However, it
is the ‘magnetic analogue’ which was developed
first by Poisson and then people like Faraday,
Mossotti and Clausius extended this idea to the

electric case. So in the last section we discuss
this misunderstood history of this pair of
equations in more detail.

The derivation presented here is much
simpler for a modern reader to follow as
compared to that done in the original works of
Poisson and others in the beginning of 19"
century. It is done simply by creating a model
which is the magnetic equivalent of the
electrostatic model, usually used to derive the
Clausius-Mossotti  equation [1-3]. For
convenience the derivation is divided into two
sections. In the first section the average value of
the microscopic magnetic field produced by a
tiny ideal magnetic dipole over a sphere of
radius R is calculated. Then the expression for
this average field is used in the second section to
get to the desired equation. The reader may note
that the derivation of average magnetic field
over a sphere is somewhat unconventional.
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2. Average magnetic field due to a
dipole over a sphere

The average electric field inside a sphere (
(E)sphere) of radius R due to a tiny dipole of
dipole moment P present anywhere inside it is
given by [4, 5]

<E> sphere =

1)

472'80R3 -

This may be deduced as follows. Consider a
fictitious sphere of radius R centered at the
origin. A tiny charge q is located at position ry
inside the sphere. The average field produced by
it over the volume of the sphere, by using
Coulomb’s law is

<E sphere = 7[80V JH

sphere

I-ro
|rro|

(2)

V is the volume of the sphere.

FIG.1: Average field over a sphere due to a point charge q at
o

Now the electric field at the point ry (cf. Fig.1)
due to a uniformly charged sphere, centered at
the origin, of charge density p is

Fo-I'
| r-rof’

dv.

Esphere = 45&‘0 _[” (3)

sphere

A comparison of (2) and (3) reveals that the
average field due to a charge q at ro equals the
field at ro due to a uniformly charged sphere of

charge density p = —%. The latter, however,
using Gauss’ divergence theorem turns out to be

- P
E= lo. 4
3&o ( )
Thus,
- q
<E> sphere = - Ao lo. (5)

Now if we place another charge —q at ro— d
inside the sphere, then the net average field
inside the sphere due to the pair of charges (of
dipole momentp=qgd) can be obtained by using
D).

One may recall that the electric field at position
I due to an ideal electric dipole of moment P

located at the origin is [4] (in SI unit)

1 oo p
Edip = (3(p.Ni-p) - =—3a(r).
Ao 3o

(6)

Similarly the expression for magnetic field in
case of a magnetic dipole M located at the
origin is given by [5] (in SI unit)
Bap=—2 (3M.A)F - m)+ 5y, (7)
47tr3
The delta function §(r) terms that appear in
equations (6) and (7) are of great importance (6,
7). If one carries out the volume average of Edip
over a sphere of radius R, the contribution due to
the first term in (6) vanishes and one obtains the
value of (Edip) the same as (1), which is due to

the delta function term only. To put it
mathematically,
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J‘J‘J’ w dV =0, (8)
ands,phere
1 pep —
(Eoi)= Vsme?zé(r) Qv
P _ P (©)
) (4nR3)3€0  4zeR®

One can note that the coefficient of the delta
term in (6) is nothing but the average electric
field over a sphere multiplied by the volume of
the sphere, or it is the volume integral of the
electric field of the dipole over a sphere of any
size.

For the magnetic case, a similar derivation of
(8) can be carried out by using tiny circulating
current loops in place of charge distribution.
Thus, the average value of the magnetic field
produced by a magnetic dipole, inside a sphere
of radius R can be calculated as,

<B>sphere = % J.J-_[ Bdip(d) dv'.

sphere

(10)

Invoking equation (7) and by using (8) with p
replaced by m, we obtain

<B> sphere = 250

R3

m. (11)

3. Derivation of the analogue
equation

When an external magnetic field B is applied to
a diamagnetic substance, the electronic orbits of
the atoms get modified and they acquire a
magnetic moment Am. Classical [8] or semi
classical  [9] derivations of  induced
magnetization in a diamagnetic substance upon
application of an external magnetic field B give
us a relation which tells us that induced dipole
moment Am and applied magnetic field B are

linearly proportional, provided the field is not
too strong.

Am =amB. (12)
If we consider the diamagnetic substance to be
spatially homogeneous then a uniform external
field applied on it can be assumed to magnetize
every atomic dipole by the same amount. Thus a
proportionality constant om can assigned to the
entire diamagnetic substance, which may be
called ‘magnetic polarizibility’, in analogy with
electric polarizibility. Another advantage of
spatial homogeneity is - a uniform applied field
B will generate a uniform dipole moment per
unit volume,M where M and B are related to
H and urby the macroscopic definitions (for

linear materials)

Or,
= X g, (14)
Ho(1+m)
¥m IS the magnetic susceptibility of the

diamagnetic substance. Microscopically, the
magnetization vector can expressed as the
cumulative sum of all the tiny atomic magnetic
dipoles

M= iAmi.

i=1

(15)

Here N is the number density of atoms in the
substance (hence an integer). Eq. (15) can be
rewritten as

M= ZN:Ami = NAmMmi

i=1

(16)

From (12), (14) and (16) one may be tempted to
Am
Ho(1+ym)
However, the field vector B appearing in (12) is
not the same field vector that appears in equation
(14). The B appearing in (14) is the total
macroscopic field in the medium and the B in
(12) is due to everything except the particular

=Nom.

conclude that
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atomic dipole under consideration. So (12) can
be rewritten as

AMmM = om (B - Bself) . (17)

Here (B - Bser) is the local field present in the
vicinity of the atomic dipole that is located at the
center of a fictitious sphere (cf. Fig. 1) and Bserr
is the average field over the sphere due to the
dipole itself. It is reasonable to question why the
average field over the sphere is taken instead of
the field at the center of the sphere where the
dipole is located. However, average magnetic
field due to all dipoles outside the sphere is same
as the field they produce at the center [10].

The radius of the sphere is related to the number
density of atoms as

Ry (18)
3
E—) E——) E—)
> ”—I—
— — —

FIG. 2: The arrangement of dipoles. The sphere represents the
fictitious boundary of each of the induced atomic dipoles m in
the diamagnetic substance.

The average magnetic field produced by the
dipole (moment) would be

<B> sphere = 2::0

Am, (29)

R3
Now, consider any atom, or magnetic dipole
with index ‘i in the substance. Bserr of this atom
is then given by

Bse i= Ami. 20
) 2nR® (20)
Plugging this value in (17), one gets
Lo
Ami=om(B - ——Ami). 21
( PE ) (21)
Rearranging the terms we get,
OlmLlo
1+——) Ami=amB. 22
( anS) (22)

Now summation of both sides of (22) for N
terms is taken and then the results of (18) is used
to get
Omllo _
1+——)M =amNB.
( 2nR® )
Further invoking (14) to eliminate B and M from
the previous equation we get

(23)

o= | X (24)
Npo | 3+ym
Using Xm=Hr-1
o= — {““‘1} (25)
N]Jo ],I,r+2

Here M is the relative permeability of the
diamagnetic substance. The relation (25) is the
magnetic analogue of Clausius- Mossotti
equation.

For a diamagnetic substance, [, is less than
unity. Hence, (25) tells us that am will always be
negative. This reflects the fact that in a
diamagnetic substance, the applied field B and
the change in magnetic moment Am are always
antiparallel. To put it in another way, in the
presence of an external magnetic field, each
atom picks up a little extra dipole moment and
these increments are all antiparallel to the field
direction.
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4. Brief historical survey of the
equation

In this section we briefly discuss the historical
development of the Clausius-Mossotti relation
and its magnetic analogue which unfortunately
lacks a different name for itself.  The scientific
figures responsible the development of his
equation are S.D. Poisson (France), M. Faraday
(England), J.C. Maxwell (Scotland), O.F.
Mossotti (Italy), R. Clausius (Germany) and
H.A. Lorentz (The Netherlands). We discuss
their contributions chronologically.

The history of this equation begins in 1824,
when Poisson presented his book [11] at a
meeting of the French Academy in which he had
carried out a detail mathematical analysis of the
problem of magnetic induction. In his classic
text on Electricity and Magnetism [12], Maxwell
mentions that “the mathematical theory of
magnetic induction was first given by
Poisson...” In order to explain the phenomenon
of magnetic induction Poisson hypothesized that
an imaginary ‘magnetic matter’ or ‘magnetic
fluid’ is confined to certain molecules of the
magnetic  substance. That molecule is
magnetized in which the two opposite kinds of
magnetic matter, which are present precisely in
equal quantity, are separated towards opposite
poles of the molecule. He called such molecules
‘magnetic elements’ of the substance and
examined the particular case in which these
elements are spherical and are uniformly
distributed throughout the substance. He
calculated the ratio ‘K’ called Poisson’s
Magnetic Coefficient - the ratio of the volume of
magnetic elements to the whole volume of the

u-l } , the
Mr+2

factor that appears in the expression for
magnetic polarizibility in Eg. (25). Maxwell
ruled out the validity of such a hypothesis by
using the experimental works of Thalen.
However, he concludes [13], “... the value of

substance. This turned out to be [

Poisson’s mathematical investigation remains
unimpaired, as they don’t rest on his
hypothesis.” Later on, to explain this
phenomenon of magnetic induction Ampere
hypothesized that the magnetism of a molecule
is due to an electric current that already exists in
it which constantly circulates in some closed
path within the molecules of the magnet, and
must not flow from one molecule to another.
These are the two alternative pictures of a
magnetic dipole.

Thus, using the hypothesis of Poisson and
Ampere, and the magnetic analogue of Clausius-
Mossotti equation, the problem of magnetic
induction was completely resolved. Note all this
happened about half a century before the
development of the Clausius-Mossotti equation
for dielectrics.

After a few years of Poisson’s formulation,

Faraday [14] for the first time [15] applied
Poisson’s idea to dielectrics. It was Mossotti
who studied the problem in greater detail and
presented it in his memoirs [16]. He introduced
the ‘cavity method’” [17] which he later
developed in his second book [18]. Meanwhile,
Clausius was also studying the same problem
[19]. For the first time, he explicitly wrote the
formula of what is now famous as the Clausius-
Mossotti equation, as called by Lorentz. It may
be noted that all of them attacked the same
problem using different approaches.
Coming back to our derivation, the approach that
is followed in this paper (use of local field or
Lorentz field) significantly departs from that
used by Poisson yet resembles the one used by
H.A. Lorentz [20] and L.V. Lorenz [21] in their
derivation of the Lorentz-Lorenz equation (used
in optics).

So it’s evident that historically, Poisson’s
equation plays a more fundamental role as
compared to that by the Clausius- Mossotti
equation.
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5. Concluding remarks

In the derivation the use of the relation between
magnetic field B and dipole moment Amis
independent of whether the scenario is quantum
mechanical or classical. The only assumptions
are that the substance must be a linear,
homogeneous, isotropic diamagnetic substance
for our equation to be valid. One can check the
equation very easily by putting relative magnetic
permeability = 1, which is true for non-magnetic
substances. For this case, the polarizability
comes out to be zero, which is quite obvious as a
non-magnetic substance would not respond to an
external magnetic field.

One must recognize that it is the self field term
Bseir Which actually leads us to such an equation
for diamagnetic substances. We may consider
the case of paramagnetic materials to see
whether the self field term leads us to any such
equation or not. In this case, the atoms possess a
net dipole moment even in the absence of an
external magnetic field. When a magnetic field
is applied, magnetization arises due to the
reorientation of the atomic dipoles. The potential
energy of a dipole of dipole moment m in
presence of a magnetic field Bis ¢ =- m.B. As

we have said above the B here should be written
as B-Bsgr. And using (11) and (18), Bseis can be

—210N

written as m . Hence

210N

¢ =-mB+ m

=-mBcosé + 2N m? .

(26)

The energy distribution of atoms can be
adequately described by the classical Maxwell-
Boltzmann statistics. Thus, the number of atoms
dN whose energy lies between ¢ and ¢ +d¢ is

given by

dN = Aexp( ¢ ) dg
KBT2 (27)
2N gom m.B .
= Aex ex mBsin & dao.
p( 3 ) exp( KBT)

Here T is the temperature of the system. A is the
normalization constant that can be found out by
imposing the condition that the integration of dN
must be equal to the total number of atoms N
when € goes from0to 7.

The term arising due to the self field can be
absorbed into the normalization constant;
therefore the Be; Seems to play no significant
role in the case of paramagnetic substances.

The scope of the magnetic analogue equation
is not as wide as that of the Clausius-Mossotti
equation. In fact, many seem to be unaware of
the very existence of such an equation. However
it plays a key role in the study of magnetic fluids
[22], permittivity and permeability studies of

mixtures [23], and negative effective
permeability [24].
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Abstract
There are various techniques to deposit solid semiconducting materials in the form of thin layer
called as thin film.Electro deposition is one of these techniques. It is the process of depositing
substance by passage of electric current through the conducting medium called electrolyte, producing
a chemical change.The property of electrodeposited film depends on electrolyte, pH of the
electrolyte, electrode nature, Potential and current density. The article discusses effect of these
parameters on formation mechanism of thin films along with basic study of the method.

1. Introduction

A wide variety of processing technologies are
available for the deposition of thin films. The
technologies differ to a large degree in their
physical and chemical principles of operation
and in commercially available types of
equipment. Each processing technology has
been developed because it has unique
advantage over others. However, each
processing technology has its limitations. In
order to optimize the desired film
characteristics, a good understanding of the
process control and the advantages and
restrictions applicable to each technology is
necessary.

Electrodeposition, which is one of these
deposition techniques, is as old as the
electricity.Electrodeposition of metallic films

(commonly known as electroplating) has been
known and used for preparing metallic mirrors
and corrosion-resistant surfaces.It is also used
in electroforming, i.e., to give shapes to
electrodeposits. In recent years, there has been
considerable interest in the electrodeposition of
semiconductor  films  for  photovoltaic
applications.In this article an attempt is made to
focus electrodeposition technique for deposition
of thin films due to following advantageous
factors.
e Synthesis is possible at low
temperatures with less instruments
e Doping of is possible during synthesis.
¢ Liquid materials can be easily converted
into thin films with  required
quantity,different size and shapes.
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2. Electrodeposition

Electrodeposition of metals and alloys involves
the reduction of metal ions from aqueous,
organic, and fused-salt electrolytes by the
passage of an electric current. It is based on the
study of reactions in which charged particles
cross the interface between two phases of
matter, typically a metallic phase (the
electrode) and a conductive solution, or
electrolyte. A process of this kind is known as
an electrode process. The first quantitative
formulation of electrodeposition was done by
Michael Faraday, popularly known as
Faraday’s laws of electrodeposition.

2.1 Basics of Electrodeposition

i. Faradays First law

The total amount of chemical change produced
by an electric current is proportional to the total
charge passing through the electrolyte.

ii .Faradays Second law

When same quantity of electricity is passed
through different electrolytes arranged in series,
the weights of substances librated at the
respective electrodes are directly proportional
to their chemical equivalent weight.

W= (E/F) ct

Where E is equivalent weight and ¢, ¢ are
current and time respectively with F = 96485
C/mol. However in practice the problem is
much complicated and factors like sticking of
electrodeposited atoms, Joule heating affect the
efficiency of the process.

iii.Nernst Equation
When a solid is immersed in a polar solvent or
an electrolyte solution, surface charge will
develop and the electrode attains a potential
given by the Nernst equation [3]

E =Ej + (RT/nF).log. (aion)

whereE) is the potential difference between the
electrode and the solution when the activity
aionof the ions is unity, F is Faraday’s constant,
R is the gas constant, and 7 is the temperature.

[3]

2.2 Components of Electrodeposition
Technique

i. Electrode

At least two electrodes (cathode and anode) are
needed for deposition process Fig.[l1]. An
applied electric field across these electrodes
provides the main driving force for the ions.
The positive M" and negative x™ ions deposit at
cathode and anode respectively.

Metal cathode
Metal-solution
inteface

rdetal anode
Fetal-solution
interface

FIG.1: Two Electrode Cell

1) Cathodic deposition is more popular in
electroplating because most metal ions are
positive ions. 2) Anodic deposition gives poor
stoichiometry and adhesion.

In most electrochemical experiments our
interest is concentrated on only one of the
electrode reactions. Since all measurements
must be on a complete cell involving two
electrode systems, it is common practice to
employ a referenceelectrode as the other half of
the cell.
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Fig.2

0
g
]

C- Counter Electrode
R- Reference Electrode
W- Working Electrode

FIG.2: Three Electrode Cell

The major requirement of a reference electrode
isthat, its potential must be stable. It is achieved
by involving a saturated solution of an
insoluble salt of the ion. The common reference
electrode is the calomel electrode.[3]

ii. Electrolyte
The electrolyte or bath provides the ions to be
electrodeposited. It has to be electrically
conductive. It can be aqueous, non-aqueous or
molten and it must contain suitable metal salts
sometimes additive is included to improve the
quality of electro deposit and to achieve
uniform surface finish.
iii. Power Supply Unit
The power supply units can be of following
types
a. Direct current at constant current which
lead to galvanostatics deposition.
b. Direct current at constant voltage which
lead to potentiostatic deposition.
c. Potentiostatproviding pulsed
deposition, potentiodynamic
deposition.

Overall mechanism due to supply of power is as
follows:
A current or voltage pulse applies an electric
field so that M ionswould move to cathode.The
elemental electro deposition process is as
follows:

M’ + e — M
If electrolyte contain more than one ionic
species that can be simultaneously deposited

M* + e — M
N* + e’ — N
M"+ N + 2¢— MN

As the electro deposition proceeds the ionic
concentration in bath is depleted and has to be
replenished by adding salt.[4]

2.3 Nature of Electrodeposition process

A common misconception about electrolysis is
that "ions are attracted to the oppositely-
charged - electrode." Ionic motion throughout
the bulk of the solution occurs mostly by
diffusion, which is the transport of molecules in
response to a concentration gradient. Only the
ions near to the interfacial region are likely to
undergo migration.

2.4.1 Steps Involved in Electrodeposition
Reaction

There are four steps that occur within 1-1000A°
from substrate.

1.Ionic transportii.Discharge

ii1. Breaking up of ion-ligand bond
iv.Incorporation of atoms on to the substrate
followed by nucleation and growth

2.4.2 The various processes that occurs during
electrodeposition:

i. Process that occur in electrolyte bulk

Ions that are sufficiently removed from the
electrode surface can be move towards it under
the influence of:

a. Potential gradient d®/dx leading to ion drift.
b. A concentration gradient dc/dx leading to
diffusion of ions.

c. Density convective current dp/dx. p is the
density of electrolyte due to consumption of
ions at the electrode.
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The three terms contribution of migration,
diffusion and convective current starts
conversion process to mass transport toward the
electrode.

ii. The process that occur near the electrode
but within the electrolyte

Ionic species in the electrolyte are normally
surrounded by a hydration sheath or some other
complex forming ion or ligand present in
electrolyte they move together as one entity and
arrive near the electrode surface. Where the ion
ligand system either accept electron from the
cathode or donate electron to anode. This ionic
discharge reaction occurs in electrolyte between
10 and 1000A° from the electrode-electrolyte
interfacial region.

iii.Process that occur on the electrode
surface

The discharge ions arrive near the electrode
where steps by step leading to the formation of
new solid phase or growth of an
electrodeposited film. The atoms thus deposited
have a tender to form either an ordered
conglomerate of crystalline phase or a
disordered amorphous phase.

2.4 Influence of Cell Potential and pH
on Deposition: (Stability diagrams):

In balancing redox equations, many electron-
transfer reactions involve hydrogen ions and
hydroxide ions. The standard potentials for
these reactions therefore refer to the pH, either
0 or 14, at which the appropriate ion has unit
activity. As, multiple numbers of H™ or OH
ions are often involved, the potentials given by
the Nernst equation can vary greatly with the
pH. Hence, it is useful to look at the situation,
by considering what combinations of potential
and pH allow the stable existence of a particular
species. This information is most usefully

expressed by means of an E-vs.-pH diagram,
also known as a Pourbaix diagram.

Ex. Stability of water:

Water is subject to decomposition by strong
oxidizing agents such as Cp; and by reducing
agents stronger than H, with the parameters in
shaded region in the fig. 3 below.[5]

The Reduction reaction: 2H' +2e” — H, (g)
OR

In neutral or alkaline solutions reduction

reaction isH,O +2 ¢ — Hy(g) +2 OH™

These two reactions are equivalent and follow

the same Nernst equation which, at 25°C and

unit H, partial pressure reduces to

E =E°-(.059/2) x 2 pH =-0.059 pH

TheOxidation Reaction: H;O —O,(g) + 4H" +2
e

This reaction is governed by the Nernst
equation which similarly becomes E = 1.23 —
0.059 pH,

so the E-vs-pH plots for both processes have
identical slopes and yield the stability diagram
for water as shown in Fig.(4).

+1 .
B = 1.23 v —jm-— Wk R, = 1 &b
+1 .0 f— =
L \
+ 0.2 |— wwakst Ehasttmody ramically skaks ke
E” = 0.0 v —jie
e
— =
_oe e HY - 2 — H=z mﬁ*“,n&—g
| ek Ry = 1 abm
o

—1.0

FIG.3Stability (Pourbaix) diagram for water

The two E° values shown at the left refer to
"standard" conditions of unit H' activity
(pH=0) and gas pressures of 1 atm. At
combinations of pH and E that lie outside the
shaded area, the partial pressures of O, or H;
exceed 1 atm., signifying the decomposition of
water. The unity partial pressures are arbitrary
criteria; in a system open to the
atmosphere.Water can decompose even at much
lower H, partial pressures, and at oxygen

Volume 30 No. 1, Article Number: 4

www.physedu.in



Physics Education

Jan - Mar 2014

pressures below 0.2 atm. Such diagram has
relevance to electrochemical corrosion of
metals. The metals above hydrogen in the
activity series will tend to undergo oxidation
(corrosion) by reducing H' ions or water.

Thus, in order to optimize the desired film
characteristics, a  good  understanding
ofpourbaix diagram, electrode process and the
process control parameters is necessary.

3.Conclusion

Electrodeposition is a promising competitor in
thin-film preparation because of several
advantages, such as the possibility for large-
scale  production, minimum waste of
components, and easy monitoring of the
deposition process. The use of electrode
process control parameters in aqueous
electroplating method is extremely important.
The potential benefits of this include:
brightening the deposit, increasing the grain
size, changing mechanical and physical
properties, reducing stress, reducing pitting, and

increasing the lifetime of deposition bath and
deposits.

References

[1] Kasturi Chopra, Thin Film Phenomena,
McGraw Hill Book Company, New York,
(1969).

[2] Allen J. Bard,Larry R. Faulkner,
Electrochemical methods: Fundamentals and
applications/ 2nd ed., A John Wiley &Sons,
New York, (2001).

[3] M.  VenkataKamalakar,  Synthesis,
characterization and investigation of electrical
transport in metal nanowiresand

nanotubes,Jadavpur University, Kolkata(2009).
[4] R.K.Pandey., S.N.Sahu, Hand book of
semiconductor electrodeposition, New York,
(1996).

[5]Aqueous Stability Diagrams, M. Pourbaix,
Atlas of Electrochemical Equilibria in Aqueous
Solutions,Pergamon, London, (1966).

Volume 30 No. 1, Article Number: 4

www.physedu.in



Physics Education Jan - Mar 2014

Physics of Gulli — Danda

Suresh C Joshi*

Head, Learning Resource Center and Department of Physics
Ahlcon International School, Mayur Vihar, Phase — 1, New Delhi— 110091, India
*e-mail: scjoshidat2012@gmail.com

(Submitted: 19-11-13)

Abstract

Using traditional games as instructional tools to understand physics concepts is a good
idea and can play a vital role in developing activity based physics curriculum. Learners are able
to relate with such tools more easily thus helping them develop pre-knowledge, logical
reasoning, strategy making, concentration and nurture their inquiry-based scientific
temperament epistemologically. Gulli — Danda’, a native game in many parts of the world, is
used here as an instructional tool to formalize metacognitive aspects of physics terms evolved
during the demonstration of the game. A vast range of kinematic terms are involved with the
demonstration of Gulli — Danda which are studied in the present paper in detail. Different forms
of energy associated with specific movements of the game have also been discussed thoroughly
which strongly supports the use of Gulli — Danda as a potential tool to understand physics terms
associated with it.

Furthermore its use in explaining momentum conservation, trajectories of projectile
motion, center of mass, moment of inertia, and elastic as well as inelastic collision has been
demonstrated. We suggest that such traditional games and models, which are easily available
the learner, can be effectively used as low cost pedagogical tools to develop instructional
strategies in physics education. It was also observed that learners were able to make a
connection with the seen and unseen world through demonstration of Gulli — Danda, which
provides powerful evidence for a strong connection between the neuroscience of brain
chemistry and play and joy. It also advocates using traditional native games as props and ‘play’
as the basic component of enquiry. An analysis of the post test results of different sets of
audiences at different places revealed that no learner scored less than fifty percent marks on
these tests. This is a clear indication of achieving average gain in conceptual understanding of
learners towards physics concepts by using Gulli — Danda.

PACS No.’s: 01.40.E, 01.40.ek, 01.40.Fk, 01.40.gb, 01.40.Ha
Key Words: Traditional native games, brain compatible pedagogical approach, low cost
demonstration tool, physics of Gulli-Danda.
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“Itisa popular traditional game of India and is the national game of Nepal and is played in rural areas and small towns of India
as well as Pakistan, especially in Punjab. In the United States, a similar game is called Pee-wee. It is also known as Tipcat in
English, Dandi - Biyo in Nepali, Alak - Doulak in Persian and Kon - ko in Khmer (the Cambodian language).

Introduction: Physics, from its genesis,
has been the branch of science that attempts
to use the language of mathematics to
describe how nature functions. Its scope of
study encompasses not only the behavior of
objects under the action of given forces, but
the theories that provide us with some of our
deepest notions of space, time, matter and
energy. Its ultimate objective is the
formulation of a few comprehensive
principles that bring together and explain all
such disparate phenomena. It also deals with
describing why and how certain real-world
phenomena occur and enables us to envisage
what may transpire in certain circumstances.
At its core, physics establishes itself as a
comprehensible and an intriguing subject
that demands a logical and systematic
approach.

It is a fair assumption that the
majority of students concur that physics
proves to be a very strenuous and difficult
subject studied at school. Student difficulties
stem from physics concepts, the way in
which a physics course is taught, and
physics problems which are sometimes very
vague. Perhaps it is the general lack of
interpretation of what physics is, combined
with the subject’s inherent difficulty and
reliance on mathematics, which tends to
discourage a student from studying physics.
Students find physics difficult because they
have to contend with different aspects such
as experiments, formulas and calculations,
graphs and conceptual explanations at the
same time. Thus, physics as a discipline
requires learners to employ a variety of
methods of understanding [1 — 3]. This

makes learning physics particularly difficult
for many students, and there are bound to be
many hindrances before the students get a
good grasp of the subject.

The purpose of this study is to
measure the effectiveness of employing one
of the Indian traditional games (Gulli —
Danda) as a demonstration instrument to
verify if it helps in drawing learners’
attention and enhancing their conceptual
understanding of physics. The participants
for this study were drawn from middle and
high school students, teachers and
researchers both from India as well as the
United States. This study presents a new
pedagogical approach [4] which uses
potential of traditional games [5 — 8], as
tools, to motivate learners and help teacher
tailor instructions [9, 10] to individual
learners’ needs and interest. For this I have
used ‘Gulli — Danda’ (name of the game in
Hindi, an Indian native language) as a
demonstration tool for my presentations [4]
to different sets of audiences at different
places in the United States and India.

Section 2 of the paper is devoted to
the familiarity and understanding of Gulli —
Danda whereas section 3 demonstrates the
physics associated with it, which is drawn
from the established kinematic terms and |
have tried to present a connectedness
between these terms with the different
movements of Gulli — Danda. Section 4
exhibits the use of Gulli — Danda as a tool,
which | did with the different sets of
audiences at physics education research
groups and schools in the United States to
test its effectiveness [4]. Physics terms and
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ideas evolved during the demonstrations are
also given in this section with the
observations during the conduction of the
activities. In addition, questions framed by
the participants are discussed along with the
comparison of post test results at different
places.

Familiarity and understanding of
demonstration tool used (Gulli —

Danda): It is a popular traditional game in
India and is the national game of Nepal [11].
It is played in rural areas and small towns in
India as well as Pakistan, especially in the
Punjab area. Its origin in India is found

dated back to the "Maurya Dynasty". It is a
four plus player game. In the United States,
a similar game is called Pee-wee. It is also
known as Tipcat in English, Dandi-Biyo in
Nepali, Alak - doulak in Persian and Kon -
ko in Khmer (the Cambodian language)
[11].

The Gulli is a cylindrical wooden
piece tapered at both ends, usually 4 to 5
inches in length and approximately 1 to 1.5
inches in diameter in the middle. The Gulli’s
ends are blunt. A Danda is a straight
cylindrical stick usually between 15 and 18
inches in length and around 1.5 inches in
diameter.

Diagram (1)

At a conceptual level, we can liken
the Danda and Gulli to a bat and a ball, in
the sense that a Danda is used as a bat to hit
the Gulli. As this is a rural, native game with
no recognition from any local or
international sports bodies, there are no
standards on sizes, shapes or type of
materials to be used for the Gulli and Danda.
People use whatever is convenient and
available within their reach and do not really
care about exact length, diameter and weight
as long as the equipment serves its purpose.
For that matter, there are no standard rules
for the game as such, as each region,

province and state follows its’ own rules.
Thus we have different variations of Gulli -
Danda being played across different regions.
However, certain general rules that are
commonly followed while playing Gulli —
Danda are as follows: First we need two
teams with not less than four players on each
team. After a coin toss, the winning team
starts batting (or fielding, whatever they
choose). A circle is drawn at one corner of
the ground where the batsman will bat. This
circle will have a small pit (groove) dug in
the center for the Gulli to be placed in.
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Diagram (2)

The first player from the batting
team will use the Danda to bat, while the
fielding team is spread out across the ground
to field. The batsman gently hits the Gulli
across one of the tapered ends with the
Danda, and quickly strikes it hard as soon as
it is lifted off its groove and when it is still
in the air. It is a double motion strike from
the batsman — somewhat like a “tip and
whack”. The idea behind the “tip” being
gentle is to ensure that it lifts the Gulli off
the ground to a reasonable height and reach
for the batsman to hit it hard once again
(“whack”) while it is in the air. The Gulli
remains airborne if the batsman strikes the
Gulli with the Danda during the whack. If
the batsman is unable to strike the Gulli in
three continuous chances, the batsman is
out. This is similar to a strikeout in Baseball.

If the batsman strikes the Gulli, and
no fielder is able to catch it before it lands,
the Danda is used to measure the distance
from the center of the circle (from the
batsman’s batting spot) to the spot where the
Gulli landed. Each Danda length adds one
point to the batting team. If the batsman
strikes the Gulli and a fielder catches it
before it touches the ground, the batsman is
out and then the next player of his team
comes to bat. There is one other way that the
batsman could be out. Once the batsmen hits

the Gulli and no fielder catches it before it
touches the ground, the batsman places the
Danda within the small circle from where he
was batting, horizontally on the ground, with
its length facing the fielding team.

The fielding team picks up the
Gulli from the ground and throws it at the
Danda (after measuring the distance). If the
Gulli strikes the Danda, the batsman is out.
If it does not hit the Danda, the batsman
does the “tip and whack” once again from
the point where the Gulli has landed after
the fielding team’s throw at the Danda. In
the event that the Gulli landed behind
(beyond) the small circle, the start point for
the batsman would be his original batting
spot. The batsman repeats the same process
of hitting the Gulli again until he is out.
Repeat the above steps until all players of
the batting team are out. The sum of all the
points scored by the batting team becomes
the target for the other team to beat. Now the
fielding team will bat and the batting team
will field. Repeat all above steps for the new
batting team. The team with the highest
score wins the match.

3. Physics of Gulli — Danda: The Gulli,
which has conical ends, is initially at rest
and the Danda, when raised to a height (h),
contains potential energy given as,
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U, = Mgh.
Where M is the mass of the Danda and h is
the height to which it is raised.
When the batsman brings the Danda down
to h = 0, with velocity (V) to hit the Gulli,

the energy stored in the Danda in the form
of potential energy (Ug) gets converted into
kinetic energy (KD) as the Danda loses the
potential energy (neglecting air drag).

Diagram (3)

Since; the lost potential energy is used to
impart velocity to the Gulli, according to
conservation of energy,
Up = Kp,

Mgh=2 MV2, (1)
The velocity associated with the Danda is
given as:

V= wn'ﬂ. ...(2)
In eq. (1) Mgh is the gravitational potential
energy acquired by the Gulli and also the
work done by the gravitational force
expressed as,

Work done by the conservative force =
— (change in potential energy).
The momentum in the horizontal direction
will be conserved since there is no net
external force in the horizontal direction.

Now,

MV =mu Cos 8 | ...(3)
where m is the mass of the Gulli and u is the
velocity with which it is projected. € is the
angle made by the Gulli with the horizontal,
known as angle of projection and is shown
as,

Diagram (4)

Let the batsman provide an impulse ‘I’
which makes the Gulli attain a velocity v at

a height ‘h’. The impulse imparted is given
as,
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I = mv —mu = change in momentum.
...(4)
The path followed by the Gulli under the

gravitational force is given by the equation,
gx°

Where x and y are the distances travelled by
the Gulli with the velocity components in
the X and Y axis respectively.

y=xtanf — YT ...(5)
> T= tw+ tdovonn &——
> g 2 e
w7 "%
N - oo g ;& :
)
: ‘ ¢
JIL p—— >R —-———
i
: X= amn
Diagram (5)

Equation (5) clearly shows that the
trajectory followed by the Gulli is parabolic
in nature. The center of mass of the Gulli
also follows the same trajectory as that of
the Gulli. To find out the center of mass of

]
A

\

Gulli and Danda, we shall assume shapes of
both the Gulli and the Danda as completely
cylindrical and will be shown by the
diagram:

—> O‘JK

|
1
}
ki

(O

L

)—%X

Diagram (6)

The position vector of the center of mass of

the Gulli is given as,
‘r;dm

‘r dm

Tem =

where dm is the mass of a small segment of
the Gulli. On putting the values of individual
components in this equation, we get,
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. I ;,-ﬁ?dy ;rj‘ yvidy  n. which gives the complete rotational aspect
M =™ “Tam  Jam 24 of the motion shown by the diagram as
...(6) follows:

The motion of the Gulli is best described as
a combination of rotation and translation

Gl

¢ 1

CD’-J,R‘Z li‘, O\) S{H"\’UL %’YV&G\M
Tovque
Diagram (7)
Kinetic energy of rotation of the system is through the center of mass and w is its
given as, angular velocity.
K, orasional = %;mmﬂl (7 Angular momentum about the axis of

rotation =

Where I, is the moment of inertia of the - = =
m(v X r) + Icyw = [Lﬂ-rbirﬂ: + Lspin]'

Gulli about an axis (of rotation) passing

...(8)
Just after the Gulli is hit, the power transferred to the Gulli by the Danda is given as,
_ Fuds _ _ ,
P, = ——=mg.u Cos(90 + 8) = —umg Sinf. ...(9)
° > X ~aus
{«%
Diagram (8)

The radius of curvature just after the hit is shown as,
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and is given as, Diagram (9)
_ u® _ u?
g Cosf = — =R = cess” ...(10)
If we analyze the motion in two dimensions, we get,
u,= ulosB,a, =0
u, = uSin g, a, = —g
Time of flight can be expressed as,
2u Sinf
T =2 (1)

g
The distance travelled by the Gulli along the horizontal direction is the range of travel and is

given as,

u® (25inf Cosf)  u® (5in2d)

Range=u, XT =

g

Since velocity u makes an angle & with the
horizontal, it takes the Gulli to the maximum
height, after getting hit by the Danda, so the
maximum height achieved by the Gulli
during its motion in air is given as,
u®Sin®8
H==—"
=

..(13)

Diagram (11)

While hitting the Gulli, the motion of the
Danda may be transitional because the

..(12)
)

The collision of Danda and Gulli will be
perfectly inelastic, therefore the coefficient
of restitution cannot be one, and it will have
the value,

e =— ...(14)

rCosd’

Diagram (12)

trajectory followed by all the points of the
Danda is the same.
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. Using Gulli - Danda as a

demonstration tool:

Gulli - Danda was demonstrated to
different sets of audiences at physics
education research groups [4] and schools in
the United States to test its effectiveness
(without telling them about physics terms
involved with the game). Presentations
were focused on the use of traditional games
as  demonstration tools and their
effectiveness to create active learning
environments in the classrooms.

A video was also played with an
illustration of ‘How to play’ Gulli - Danda
(http://www.youtube.com/watch?v=JFtU9Jn
FVkU). After the video and demonstration,
participants recorded their observations and
responses in the form of physics terms and
the ideas that evolved followed by
discussion.

4.1Physics terms / ideas evolved during

the demonstration / presentation:
Force and effort, cylindrical shaped
playing material, conical edges on the Gulli,
angle of hitting, laws of motion, momentum
conservation, speed, thrust, angle of
projection, impulse, rotation, torque, elastic
potential energy, gravity, superposition,
linear and angular momentum, rotational
motion, moment of inertia, acceleration,
projectile motion, conservation of energy,
vectors, center of mass, maximum
horizontal  range, friction, trajectory
followed by the Gulli, gravity, displacement,
action — reaction, angular velocity, free fall,
angle of collision, momentum transfer,
power, extended body vs. particle, air
resistance, 2D kinematics, centripetal force,
rotational energy, rotational vs. translation
motion, elastic and inelastic collision,

translation kinetic energy, fulcrum and
elevation.

It is clear from this activity that
learners come out with ideas and terms that
they have come across in real life. They try
to relate these terms with a particular
activity or demonstration. The idea is that
when an instructor demonstrates a particular
game in class, he/she could take any term of
the learners’ choice forward to explain the
concept further. Discussion could be taken
to the next logical level subsequent to
establishing the motivation and interest that
learners would have developed during the
initial part of the interaction. Once learners
get the initial thrust of interest and
motivation, the same could be used further
by the teacher to develop and maintain
learners’  confidence  throughout the
interaction and also through the difficult
topics.

Participants were given the
opportunity to play Gulli-Danda to
experience it first-hand. The activity was
conducted at different places and results that
were recorded from each of these places
were very encouraging. Some of the
observations are:

(i) Enough stimulation was seen amongst the

participants because they were engaged
in the activity.

(ii) Participants were encouraged to think

independently. They were discussing
different kinds of motion followed by the
Gulli and predicting different forces used
on the Danda to hit the Gulli. This
motivated the learners to develop and
design new models which nurtured capacity
building and a scientific temperament in
them.
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(iii) There was no
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requirement of hi-tech
machines to record the outcomes (it was all
about evolving ideas).

(iv) A few physics ideas were picked for further

4.2Questions

1.

2.

10.
11.

12.
13.

deep study and detailed discussion (the
instructor could choose any of the ideas or
physics terms of the students’ choice).

framed the

by
participants:

How hard and where should you hit for
the Gulli to pop up?

Why does the Gulli pop up when you hit it
down? What force makes it go up?

How does wind influence the flight of the
Gulli or what is the role of air resistance to
minimize or maximize the range?

What would change if you modify the
shape or weight of the Gulli or how does
the different size of the Gulli affect the
outcome of the game?

What about the energy, when it is at the
ground and when it is in the air?

Which is the best place and best angle to
hit the Gulli in order to reach the desired
range?

What is the best timing to hit the Gulli
when it is in the air in order to reach the
maximum range?

Why is there horizontal
motion sometimes?

How does the angle (or value) of applied
force affect the trajectory followed by the
Gulli?

Why does the Gulli rotate after being
struck?

What is the relationship between force and
location of impact?

How does the player judge when to hit it?
What will happen if you hit the Gulli at
different locations?

translational

14.

15.

16.

17.

18.

19.

20.

How much force should be applied to the
Gulli in order to get 3m? Is it possible to
set the parameters like this?
Which degree of rotation is most useful
when looking for the greatest distance?
Is there a certain angle measurement
where the player hits the Gulli to make it
spin or travel faster?
How is the orientation affected by air-
resistance? Is this significant for the
distance to be travelled by the Gulli?
How does the curvature of the ends affect
the rotational and translational energy
imparted?
How does the nature of the ground affect
the initial upwards motion or how does the
hardness of the ground affect the force
needed to launch at a certain maximum
height?
Why was there a small pit dug at the place
of blowing the Gulli (in the video)?

It is very clear from the questions
asked by various participants, each from a
different place and a different setting, that
there is a set range of questions for every
activity or demonstration. Questions asked
for a particular demonstration using a
particular game revolved around a few
concepts or queries. This indicates that
props and models based on games can be
developed and used in the curriculum which
addresses specific concepts in science,
particularly in physics.

4.3 Comparison of post — test results at

different places: An identical time based
post — test was given to the participants after
each demonstration at different places, (to
physics education research groups (PER)
and high school students) in the US. The
average scores of all attempts and their
comparison with the overall average is
shown through the graphs as follows:
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Comparison of average marks of individual observation with the overall average

The graph depicts that average
scores achieved by the participants at
physics education research group seminars
(shown as PERG 1 and 2 in the graph) are
70% and 90% whereas the average marks
scored by the participants at different high
schools (shown as High school 1 and 2 in
the graph) are 75% and 85%. Overall
average score*of all these attempts is 80%.
(*Average score = Sum of the average
scores of different attempts / Total number
of attempts).

What emerged here is that
strategies on ‘using games as demonstration
tools in the classrooms’ worked well as
participants were able to predict, infer, use
previous knowledge, summarize and ask
questions.

. Discussion and outcomes:

This study discusses responses of
learners towards an instructional method and
its effectiveness over different class settings
for detailed understanding of developing
awareness of everyday thinking and
learning. Everyday learning depends upon a
number of factors like students’ interest

areas, surrounding environment,
involvement of teacher and the taught,
motivation to learn, challenges in learning
and fear of failure. If the learning
environment is made so comfortable for a
learner such that learners get motivated as
active participants in the learning process, |
think half of the job is done. A similar
attempt is made through study results
reported in the presented article. Using Gulli
— Danda as demonstration tool, to introduce
physics ideas and to motivate learners to
think independently, was acclaimed as a
great idea at different places when it was
presented. Such demonstrations were able to
draw participants’ attention and were able to
engage them actively in hands on as well.
Using games as low cost demonstration
tools can be one of the methods to overcome
traditional method of teaching.

Physics of Gulli — Danda is
demonstrated comprehensively in section 3
which covers all key aspects of the motion
involved with Gulli — Danda. Equation (2)
gives the velocity achieved by the Danda
which has been developed through the
potential associated with it and then later
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converted into its kinetic energy. Equation
(5) illustrates that the Gulli follows a
parabolic  trajectory  and performs
translational and rotational motion both
depending on the nature of force and angle
provided at the time of the hit. This equation
is related to schematic diagrams 4 and 5.
Position vector of center of mass of Gulli is
given by eq. (6) and the power transformed
by the Danda is shown in eq. (9). The radius
of curvature, time of flight, horizontal range
and maximum height attained along-with the
coefficient of restitution are given in the
successive equations and shown through the
respective diagrams. How Gulli - Danda was
used as demonstration tool with different
sets of audiences at physics education
research groups and schools in the United
States has been explained in section 4.
Evidence of providing opportunities for
learners to think independently is also well
discussed in this section. It is also
established that this method nurtures an
inquiry based scientific temperament in
learners since framing questions after the
demonstration is a key feature of the
method.

Through this method, learners
were able to learn to appreciate the culture
and values associated with the game, which
increases their awareness of a particular
culture. A specific set of physics ideas were
evolved during the demonstrations which
are given in section 4.1. Questions framed
by the participants are discussed in section
4.2 which clearly shows that learners were
able to make connections with the seen and
unseen world through demonstrations of
Gulli — Danda which provides powerful
evidence for a strong connection between
the neuroscience of brain chemistry and play
and joy. It advocates using traditional native
games as props and ‘play’ as the basic

component of enquiry and also shows that
these games can be used to develop low cost
pedagogical tools to address specific
concepts which may possibly play a major
role in designing an activity based physics
curriculum. A comparison of post test
results of different sets of audiences at
different places is presented in section 4.3,
which shows that no learner scored less than
fifty percent marks in these tests. This is a
clear indication of achieving average gain in
conceptual understanding of  learners
towards physics concepts through using
Gulli — Danda.

In totality, this paper addresses all
the research questions focusing on
pedagogical approaches used for developing
activity ~ based  science  curriculum.
Furthermore, | plan to develop brain
compatible animations, videos and video
games explaining scientific principles using
traditional games as low cost pedagogical
tools (to connect classroom teaching to real
life experiences) in science teaching which
will disseminate use of these demonstration
tools worldwide as reflective innovative
practices resulting in sustainable changes for
blended learning and flipping classrooms
leveraging the power of technology.
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Abstract
In the present paper, an overview of optical phase-conjugation and the experimental observation of
optical phase-conjugation based on the degenerate four-wave mixing are presented. A continuous wave
633 nm He—Ne laser of total power 35 mW is used to generate phase-conjugate signal from the Acid
blue 7 (Alphazurine) dye-doped gelatin film.A maximum phase-conjugate reflectivity of 0.22 % has
been observed in these dye films. Degenerate four-wave mixing based optical phase-conjugation can
easily be demonstrated for undergraduate students in any optics laboratory using low power lasers.

PACS: 42.65. -k

Key words: Holography, Optical Phase-conjugation, Dye-doped gelatin films.

1. Introduction

Optical phase-conjugation (OPC) is a technique
that incorporates nonlinear optical effects to
precisely reverse both the direction of
propagation and the overall phase factor of a
light wave. The process can be regarded as a
unique kind of mirror with very unusual image-
transformation properties. Optical phase-

conjugation was first observed by Zel’dovich et
al [1] in 1972, but its roots can be traced back
further to earlier work in static and dynamic
holography [2,3].

Optical phase-conjugation is an important
technique with applications in many fields of
science and engineering such as spectroscopy,
adaptive  optics, and real-time image
processing orphase-conjugate mirrors. In
general, OPC is a highly useful and very unique

Volume 30 No. 1, Article Number: 6

www.physedu.in


mailto:tgeethakrishnan@hotmail.com

Physics Education

Jan - Mar 2014

approach to explore the nonlinear optical
properties of various materials and to
investigate  different  physical processes
occurring in those media under the action of
strong coherent optical fields. Phase-
conjugation (PC) by degenerate four-wave
mixing (DFWM) has been demonstrated in
numerous nonlinear media [4-8] and most of
the experiments utilized high peak power
pulsed lasers in order to obtain measurable
signals. The majority of published works in the
field of optical phase-conjugation and Four-
wave mixing (FWM) had been based on
studying the nonlinear optical properties of a
great variety of materials which include dye
solutions [9-12] or dye-doped matrixes [13-16],
impurity-doped glasses [17-18], crystals [19,20]
and fullerenes (e.g. C60) related materials
[21,22].

This paper, presents the
fundamentals of optical phase-conjugation and
the experimental demonstration in Acid blue 7
dye-doped gelatin films through degenerate

four-wave mixing geometry using low power
continuous wave He—Ne laser.

2.Theory

Two optical beams are considered to be phase-
conjugate to each other if they have same
wavefronts but propagating in opposite
directions. This means that the k-vectors of the
two beams have the opposite sign and that the
amplitude functions are complex conjugate of
each other. When an optical beam is incident
on a conventional mirror, only the component
of the k-vector that is perpendicular to the
plane of the mirror is reversed. If a divergent
beam is incident on a conventional plane
mirror its reflection will diverge in the same
manner.

Hence for a beam reflecting from a flat mirror
located in the x—y plane, reflection is given by

Aexp i (ke +ky + k;).r — ot) A expi (ke + ky — k;).7 = ot) 1)

vector and is given by

However, the beam incident on a phase-conjugate mirror (PCM) reverses all three components of the k-

Aexp i ((ky + ky + k). — ot) =4 expi(—(ke + ky — ky).7 — at) )

This causes the reflected wavefront to exactly
retrace the path of the incident beam
regardless of the initial spatial structure of the
beam. There are many nonlinear optical
processes that are capable of generating
phase-conjugate (PC) waves. Holography can

be considered as a static form of phase-
conjugation [4,5]. The reconstructed field that
forms a real image in conventional holography
is actually a phase-conjugate replica of the
original object field. Stimulated scattering
processes are another important class of
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interactions that can be used for optical phase-
conjugation. Degenerate four-wave mixing
(DFWM) is one of the most convenient
processes for the generation of high-quality PC
waves.

3.0ptical phase-conjugation
through DFWM

There is a close analogy between the
degenerate four-wave mixing (DFWM) process
and the real time holography. As shown in the
Fig.1(a), two counter-propagating pump waves
(Ey and E;) pass through the nonlinear
medium, and a probe wave (E3) is incident on
the nonlinear medium at an angle with respect
to the pump wave E;. The wave vectors of
these three light beams are ki, k, and ks

experimental arrangement the backward
propagating (phase-conjugate) wave can be
generated through the reflection or
transmission from two possible induced
gratings. In the first case, the interference
between the forward-pump beam E; and the
signal beam Ej3 that produces nearly parallel
interference fringes (transmission grating)
along the bisector direction of the crossing
angle are considered. Since the refractive-
index change in the medium is proportional to
the local light intensity, one may realize that
the interference fringes can produce an
induced holographic grating within the
nonlinear medium. In this case, the backward-
pump beam acts as a reading beam during its
passage through the induced grating. A
diffracted (or reflected) wave E4 is created and
the wave vector corresponding to this newly
generated wave is kj.

respectively (k= 2m/A). Under this
Nonlinear medium
& — — E
/

Es

E

qﬁ//////;é—

(o)

E

FIG.1: (a) A schematic of four-wave mixing, (b) a transmission grating formed by E; and E;
(c) a reflection grating formed by E; and E,

According to the holographic principle, it is
known that this diffracted wave E, has the
spatial information carried by the incident
signal beam Es. In other words, the waves Es
and E; are phase-conjugated to each other. To

further justify this conclusion one can treat the
nonlinear medium as a holographic medium
whose transmission function is determined by
the interference-induced refractive index
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modulation and can phenomenologicallybe expressed as

T X (El + E3)(E1 + E3)* ==

|E1|? + |E3|* 4+ E;"E3 + E1E3"(3)

where E; and E; denote the complex amplitudes of the forward-pump wave and the probe waves
respectively, in the grating plane.As assumed the waves E; and E, are two counter-propagating plane
waves andE, = E; , so that the transmitted field of reading wave is given by

E, < TE, = TA;" = [|E1|* + |E3|*]E; + E3 (E;")" + E{E, E3 4)

Here on the right-hand side of the equation, the
first term proportional to E, represents the zero-
order diffracted wave that does not involve any
spatial information and therefore of no interest
to us. The contribution from the second term that
actually involves a phase factor ofexp [-i (2ki.r —

As shown in Fig. 1(c), the backward wave E4 can
also be generated through the diffraction of the
holographic grating (reflection grating) induced
by the waves E, and Es. In this case, the forward-
pump wave E; plays the role of the reading plane
wave, and the reflected wave E; is still phase-
conjugated to the signal wave Ej, Since both these
gratings contribute to the generation of the
phase-conjugate wave E4, the total conjugate field
E; is due to the coherent superposition of both

4. Experimental studies

In this work, a commercially available synthetic
dye, Acid blue 7 (Alphazurine A-C.I. 42080) was
used as the nonlinear agent, which belongs to the
triphenylmethane [23] groups. The general
structure and formula of acid blue 7 dye are
shown in Fig.2.

ksz)] can be neglected because its phase matching
condition could not be fulfilled. The third term
corresponds to the diffracted wave that involves
the spatial information carried by the signal wave
Es and can be written separately as

E, < E\E;E;" (5)

the processes. The period (A) of these two

gratings are different and can be written as
A

Az = 2sin(0/2) (6)
A
Azz = 2c0s(0/2) (7)

where A is the wavelength of the waves in the
medium. It is obvious that these periods of the
induced gratings are determined by the
corresponding spacing of the interference fringes
formed by two appropriate waves.

CH,CHs

|
el )

NaO3S N— CH2

Molecular formula: C3;H35N,NaOgS,
FIG. 2: Chemical structure and formula of Acid blue 7 dye
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The UV-visible absorption spectra of acid blue 7
dye were studied using UV-2401 PC
spectrophotometer and it exhibits the peak
absorbance at 637 nm as shown in the Fig.3.

030 A =637nm
max

0.25 4

0.20

0.15

Absorption (a.u)

0.10 1

0.05 1

0.00 +

T T T T T
400 500 600 700 800
Wavelength (1) nm

FIG.3:  UV-Vis absorption spectra of Acid blue 7 dye in water

Dye-doped gelatin films were prepared by
removing silver halide from10E75 Agfa Gaevert
holographic plates and soaking in aqueous dye
solutions of appropriate dye concentrations for 2
minutes time duration and dried at room
temperature. The thickness of the dye film used
in this study was of the order of 10 microns.
These films were used without any further
process for this study.

Fig.4 and Fig.5 respectively show the schematic
and the photograph of the experimental setup,
which were used to realize the optical phase-
conjugation. In this case, the standard degenerate
four-wave mixing (DFWM) configuration was
used. A He—Ne laser (Coherent, 31-2140-000)

beam at 633 nm wavelength was used to
generate the phase-conjugate wave from the Acid
blue 7-doped gelatin films. The output beam from
the laser was first split by a beam beam-splitter
BS1 (~5:90). The beam reflected off from BS1 was
used as the probe beam E; after reflected by the
beam splitter BSs; the transmitted beam from BS1
was further divided by another beam splitter BS2
(50:50) to provide the counter-propagating pump
beams, called forward pump wave E; and
backward pump wave E, respectively. Beam
splitter BS3was used to direct the probe beam Ez
to the dye-doped sample and to transmit the
phase-conjugated signal, which was opposite to
the direction of the probe beam.

S BS1 BS2
He-Ne | M
Laser |
E
E:
E4
BS3
PD M
Power Data
meter Recorder

FIG. 4: Experimental set-up for the observation of PC wave,
S-shutter, PD—photo detector, BS1, BS2, BS3—beam-splitters, M-
mirror, N.M—nonlinear medium

The intensity of the phase-conjugated (PC) wave
was measured by a photo detector fed to the
digital power meter (Field Master ™ GS -
Coherent). The optical path lengths of all the
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three beams were made equal, so that they were
coherent at the sample in the DFWM
geometry.The constant power ratio of the probe
beam (E3), forward-pump beam (E;), and
backward-pump beam (E,) used in this study was
~1:10:10.

.
9 S

FIG.5: Photograph of the DFWM experimental set-up used for
the generation of phase-conjugate waves from the Acid blue 7
dye-doped gelatin films

The spot size of each of the three (unfocussed)
beams at the nonlinear medium (NM) was 1.25
mm in diameter. Interbeam angle between the
probe beam and the forward-pump beam was
varied between 5° and 10°.

The grating spacing (A) of periodic lines can be
determined according to the well-known formula
(6) and (7). A shutter was introduced before the
beam-splitter BS; to control the start of DFWM
process. The phase-conjugate reflectivity is

defined as the ratio of intensity of the phase-
conjugate wave to the probe beam intensity.

5. Results and discussion

A systematic study has been made to investigate
the influence of the dye concentration of the
gelatin films on the intensity of the PC signal. Fig.
6 shows the PC reflectivity versus recording time
for dye film with an optical density approximately
equal to 0.7. For higher concentration of the
films, the rate of formation is initially very slow,
but the maximum value of PC signal obtained is
high compared to the lower concentration films.
These results confirm that the PC reflectivity
increases with the increase in the concentration
of the dye in the gelatin films. However, much
higher concentrated plates need longer exposure
time; this may lead mechanical instability and
hence the reduction in PC reflectivity. A maximum
phase conjugate reflectivity of 0.22% has been
observed for probe beam intensity ~0.1W/cm?
and further increase of probe beam intensities

leads to decrease of phase-conjugate reflectivity.
0.30

0.25

o

N}

S
1

0.15

0.10

PC intensity (mW/cm?)

o
o
al
1

'og. oo

0.00

T T T
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FIG. 6: Measured PC reflectivity in the Acid blue 7 dye-doped
gelatin films as a function of recording time
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As discussed earlier, two kinds of gratings are
developed during the DFWM process towards
phase-conjugate wave generation. To quantify
their individual contributions, we measured the
intensity of  phase-conjugate  signal by
sequentially shutting and opening both the
forward-pump (E;) and backward-pump (E,)
beams incident onto the sample at various stages
of the DFWM process. As shown in the Fig.7 when
the reading beam E; isswitched off, the phase-
conjugate signal obtained is only due to
transmission grating. Similarly when the reading
beam E, is switched off, the corresponding phase-
conjugate signal obtained is only from reflection
grating. We measured independently both
transmitted and reflected components of the
phase-conjugated signal strength at three
different stages of DFWM process in progress and
the results are seen in the Fig.7. From this plot
itself it is very clear that the main contribution to
the phase-conjugate signal comes from the E,
diffraction from the transmission grating and the
growth rate of transmission grating s
comparatively very fast than the growth of
reflection grating.

There are two main processes, which contribute
effectively to the origin of phase-conjugation in
acid blue 7 doped gelatin films. First one is
formation of thermal grating and another is due
to photo bleaching of dye molecules. We have
experimentally verified these facts adopting the
literatures [24] for the acid blue 7 dye-doped
systems. Observation of decaying phase-

conjugate signal gives information on whether or
not there is a thermal grating contribution to the
phase-conjugate signal.

0.20

0.16

0.12 4

0.08

PC intensity (mW/cm’)

0.04

0.00

[0] 2’0 4’0 6’0 8’0 1(')0
Ti inute . .
FIG.7: Traces of the phase'—re%?ﬂléae% signal as a function of

time for Acid blue 7 dye films. A sequence of timed shutting and
opening of the beams is shown in the Fig.

6. Conclusions

This paper reports the demonstration of optical
phase-conjugation based on the degenerate four-
wave mixing in Acid blue 7 dye-doped gelatin
films by using a 633 nmHe—Ne laser of total
power 35 mW. Since this work is focused on the
undergraduate level experimentation, the
fundamentals of optical phase-conjugation are
discussed. The individual contributions from the
induced holographic gratings to the phase-
conjugate signal were quantified and discussed.
The inexpensive dye-doped films can easily be
prepared in the students laboratories for optical
phase-conjugation and other nonlinear optics
related studies using low power laser sources
available in the market. The authors hope this
article help the students who are interested in
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studies related to optical phase-conjugation,
nonlinear optics and materials.
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Abstract
The aim of this research is to develop a scale for measuring physics laboratory attitudes. Factor
analytic evidence from a sample (n=503) of university physics students shows the Physics
Laboratory Attitude Scale is a uni-dimensional scale. The amount of total variance explained by one
factor was nearly 59%. Factor loadings of the items ranged from .70 to .91. For convergent validity
the relationships between the physics laboratory attitudes and self-efficacy related to learning and
performance was found as .21. The internal consistency reliability coefficient of the scale, using
Cronbach alpha was .94. Overall findings demonstrated that this scale had high validity and
reliability scores and that it may be used as an efficient instrument in order to assess attitude level

of physics laboratory students.

1. Introduction

Introductory physics is a required course for
many sciences such as engineering, chemistry,
mathematics, and of course, physics.
Furthermore physics, a typical introductory
course for most engineering, science, and
mathematics students, provides a context for
which students can study change in a concrete
setting. Physics education starts in the fourth
grade as science courses, and it continues all
through high school and wuniversity. Also,
physics is taught in many academic programs
such as chemistry, biology, medicine, dentistry,
pharmacology, environmental sciences,
engineering, and architecture as a compulsory

course at university level. However, students

traditionally have difficulty with physics
courses [1]. As a result, many students change
their major after failing physics several times

[2].

Introductory physics requires a laboratory to
accompany the lecture sequence. There are a
variety of improvements [3, 4] designed for
introductory physics laboratories that show
promise for improving student learning.
Laboratory experiences have always been
important components for the reinforcement
and understanding of physics concepts.
Therefore, laboratory application should be
considered more seriously to make learning in
physics lessons reach higher degrees than just
knowledge  and  comprehension  level.
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Laboratory activities [5, 6, 7, 8], have a crucial
role in the science curriculum, and science
educators have proposed that many benefits
accrue from engaging students in science
laboratory activities. In addition, it was
suggested that inquiry-centred laboratories have
the potential to enhance students’ meaningful
learning, conceptual understanding, and their
understanding of the nature of science [9].
According to Hershey [10], laboratory
experiences provide students with the important
experience of meeting “nature as it is, rather
than in idealized form” and [11, 12] and with
the opportunity to develop skills in scientific
investigation and inquiry. Moreover, these
experiences provide support for high-order
learning skills that include observing, planning
an experiment, asking relevant questions,
hypothesizing, and analyzing experimental
results [13, 14].

The learning in the introductory physics
laboratory is related to several variables and
attitude is one of these variables. Attitudes, like
academic achievement, are important outcomes
of science education in secondary school and
university [15]. Researchers [16, 17, 18, 19]
have confirmed that attitudes are linked with
academic achievement. An attitude may be
defined as a predisposition to respond in a
favorable or unfavorable manner with respect to
a given attitude object. The development of
students' positive attitudes regarding science as
a school subject is one of the major
responsibilities of every science teacher [20].

Most of the researches on the attitude have
concluded that student’s attitude is an integral
part of learning and that it should, therefore,
become an essential component of physics
concept learning pedagogy. According to
Schibeci [21], attitudes toward science involve
an attitude object such as “science” or “science
lessons,” “laboratory work” [19]. Efficiency of

learning physics concept depends on students’
attitudes towards physics laboratory. Ensuring
that students develop positive attitudes towards
physics laboratory will enhance students'
abilities to learn physics topics. When tools are
developed for measuring the dimensions of the
factors affecting the learning of concepts in
introductory physics such as attitude, physics
teaching will reach the intended destination.
Thus, the purpose of this study is to develop an
assessment tool in order to be used to measure
the attitudes of college students towards physics
laboratory.

2. Methodology of Research

Participants: In an attempt to obtain a wide
variation in responses, efforts were made to
obtain respondents from six different
universities, Turkey. Participants were 503
university students (273 male, 230 female)
from department of physics who enrolled
physics laboratory course.

Scale Development: The Physics Laboratory
Attitude Scale was designed to measure the
attitudes of students who take physics
laboratory course. A total thirteen items were
written. Respondents were asked to respond to
each item using a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly
agree). The scale items are included in Table
2. Demographic information also was
requested, including gender and department
and university information.

3. Measures

Self-efficacy Related to Learning and
Performance: Self-efficacy was measured by
using the Turkish version of the Self-efficacy
related to learning and performance subscale
of the Motivated Strategies for Learning
Questionnaire  (MSLQ) [22].  Turkish
adaptation of this scale had been done by
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Biiyiikoztirk,  Akgiin, Ozkahveci, and
Demirel [23]. The Self-efficacy subscale
consists of eight items and each item was
rated on a 7-point scale (1= not at all true for
me to 7= very true for me). As a result of
factor analysis in construct validity, it was
found that factor loadings of items were
between .52 to .65. In the reliability study, the
internal consistency alpha coefficient was
calculated .86.

Procedures: Physics laboratory  classes
(ranging in size from 20 to 30 students) were
selected randomly by the on-site data collector
at the six universities. The scale was
administered in a group format to each physics
laboratory courses the first and second
semesters during the 2011-2012 academic
years. Prior to administration of measures, all
participants were told about purposes of the
study and administration typically required 10
to 15 minutes. The person administering the
scale collected and returned the scales to the
researcher. Completion of the questionnaires
was anonymous and there was a guarantee of

confidentiality. The instruments

were administered to the students in groups in

the classrooms. Analysis of the data took place

in two ways: (a) calculating item total
correlation estimates for item analysis to identify
any faulty items, obtaining internal consistency
reliability estimates of the scale scores and b)
testing the construct validity by exploratory
factor analysis and the convergent validity by
estimating the relationship between physics
laboratory attitude and self-efficacy related to
learning and performance subscale of the
motivated strategies for learning questionnaire.

4, Results of Research

Item Analysis and Reliability: The corrected
item-total correlations of the 13 items ranged
from .64 to .76. Estimated Cronbach’s
reliabilities were .94. Table 1 shows means,
standard deviations, and the item total
correlations of the 13 items.

Table 1: Means, standard deviations, and item—total correlations of the draft Physics Laboratory Attitude Scale

Items X SD rjx Items X SD rjx
Ql 4,50 0,80 .64 Q8 4,53 0,79 .76
Q2 4,45 0,82 72 Q9 4,41 0,83 15
Q3 4,53 0,79 72 Q10 4,30 0,92 .76
Q4 3,98 1,00 .65 Q11 4,47 0,85 75
Q5 4,28 0,86 75 Q12 4,30 0,91 .69
Qo6 4,34 0,89 1 Q13 4,42 0,89 73
Q7 4,31 0,90 15
Items Factor loadings
Ql Making experiments in physics class increases my interest to the subject. 0.70
Q2 Learning new information while having physics experiments. 0.77
Q3 Without doing physics experiments the information will not be permanent. 0.77
Q4+ Mal.<i.ng experiment in physics lesson does not affect my performance in a 0.70
positive way. )
Q5 Laboratory experiment teaches how to work with discipline. 0.79
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Table | Q6 Having more physics laboratory will increase my interest. 0.76 2:
Items | Q7 Laboratory works makes me more practical in my daily life. 0.80 and

Q8* Physics experiments do not affect the learning of the physical terms. 0.81

Q9 It is hard to learn physical terms without doing experiment. 0.79

Q10 Physics lessons should have more laboratory work. 0.80

Qll Having laborat'o.ry experiment will contribute to the development of mental 0.79

and manual ability.
QI12 It is more interesting to learn physical terms by doing experiments. 0.74
Q13* | Doing experiments in physics courses reduces my interest in the subject. 0.78

*Negatively keyed items.

principal components un-rotated factor/structure component matrix solution of the Physics Laboratory Attitude Scale

Construct Validity: For construct validity,
exploratory factor analysis was conducted to
validate the underlying structure of the model.
Prior to the conduct of exploratory factor analysis,
Kaiser-Meyer-Olkin (KMO) statistic and Bartlett’s
Test of Sphericity was calculated. The KMO value
(KMO=.952) indicated that the degree of common
variance among the variables was marvelous.

The Bartlett’s test of sphericity indicated a Chi
square 4789.335 with an observed significance
level of p<.001. Based on the results, it was
inferred that the relationship between the variables
was strong and appropriate for factor analysis.
One factor explained 59% of variance. All of the
items had factor structure coefficients exceeding
an absolute value of 0.30.

Convergent Validity: Convergent validity of the
Physics Laboratory Attitude Scale scores was
assessed via correlation with the self-efficacy
related to learning and performance scale. The
Physics Laboratory Attitude Scale correlated
positively with the self-efficacy related to learning
and performance subscale of the motivated
strategies for learning questionnaire (» =.21).

5. Discussion

Physics laboratory is one of the most important

courses for undergraduate students majoring in
applied chemistry, polymer chemistry, material
chemistry, chemical engineering, life science, and
environmental engineering and science. Therefore,
in this study it was developed an assessment tool
in order to be used to measure the attitude level of
college students’ towards physics laboratory.

Based on the principle of measuring physics
laboratory attitude by a global scale, we proposed a
thirteen-item global measure of physics laboratory
attitude. The proposed physics laboratory attitude
scale was examined with a sample of 503
university students. In general, the physics
laboratory attitude scores demonstrated good
internal  reliability, construct validity, and
convergent validity. Specifically, the physics
laboratory attitude correlated moderately with self-
efficacy related to learning and performance. As a
result, it can be said that this scale had high
validity and reliability scores. Therefore, the
physics laboratory attitude scale could serve as a
useful tool for  engineering, chemistry,
mathematics, and of course, physics fields to
collect information about the physics laboratory
attitude levels of students. However, further
studies that will use the physics laboratory attitude
scale are important for its measurement force.
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