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Learning Reaction Mechanism
An Alternative Approach

Branm PArRkasH
Professor

DESM, NCERT, New Delhi
ational Curriculum Frame-
work-2005 has given consi-

N derable emphasis on:

(i) understanding, and (ii) reduction in
rote learning. Keeping this in view, the
present textbooks of Chemistry for the
Higher Secondary stage have been
developed in a manner so as to explain
the descriptive portions in terms of the
basic principles. Broadly, Physical
Chemistry comprises of the basic
principles while organic and inorganic
chemistry deal with the study of
elements and compounds and the
reactions they undergo.

Tradionally, learning of organic
chemistry envisaged memorisation of a
large number of reactions involving
carbon compounds. The study of organic
chemistry has developed as presentation
of facts. Later the evolution of the
concept of functional groups has helped
to rationalise the subject and we now
learn organic chemistry based on
functional group approach. In order to
understand organic reactions, it is
important to understand the basic
principles which govern them.

A chemical reaction involves
breaking of existing bonds and formation
of new bonds. How and why of chemical
reactions can be understood in terms of

their mechanisms, that is, the reaction
path followed by them. The reaction
mechanism provides a theoretical basis
of predicting the most probable product
of a reaction. It helps us to see a pattern
in complicated and often involved
multitude of reactions. An under-
standing of reaction mechanism also
helps us to know the desired and logical
changes in the experimental conditions
to be made, to control the speed and get
better yields of reaction products.
For instance, a reaction may be
thermodynamically feasible but it may
take years for completion. The rate of
such a reaction can be suitably altered
if we know the reasons which slow its
rate and then modify the conditions so
as to enhance the rate of the slowest step
of this reaction. Reaction mechanism
can also help us to alter the course of a
reaction to yield entirely a new products.
Thus, introduction of reaction
mechanism to the study of organic
chemistry results not only in better
understanding of the subject and
reduction in rote learning, it results in a
more intellectually satisfying course. It
also provides a better foundation for
further study.

As a chemical reaction involves
interaction between the molecules of the
reacting species, it is important to
understand their chemical behaviour.
The chemical behaviour depends on the
molecular structures of the reacting
species. An understanding of the
following basic concepts are necessary
to explain the chemical behaviour of the
reacting species.



(i) Hybridisation of atomic orbitals

(ii) Formation of sigma (c) and pi (n)
bonds between two atoms is a
molecule and to have an idea about
their bond energy as it is always the
weakest bond in the molecule which
easily breaks in a chemical reaction.

(iii) Electronegativity and bond polarity.
(iv) Fission of a covalent bond in
homolytic and hetrolytic modes.

(v) Electronic effects (inductive,
electromeric, conjugation and
hyper-conjugation).

A reaction mechanism is the
sequence of electronic changes within
and between the reacting species. The
students find it difficult to write an
acceptable reaction mechanism due to
their inability to apply the basic concepts
concerning electronic changes and
bonding to reactions in carbon
compounds.

An alternative procedure suggested
below may help to facilitate
understanding and in writing an
aceptable sequence of reaction
mechanism. It involves the following
steps :

(i) Two dimensional structural
formulae are drawn on paper. The
relative positions of the symbols of
atoms in the structural formulae
are kept the same to emphasise that
only electronic changes are involved
in chemical reactions.
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(i) The bonding and non-bonding
electrons on all the atoms in the
reactants, intermediate products
and final products of the reaction
are indicated as shown on right
hand side in illustrations in this
paper.
The total number of valence
electrons on the reacting species is
calculated at each step of
mechanism. Since a reaction
involves only a redistribution of
valence of electrons, the total
number of electrons present
remains constant throughout. It is
known as conservation of electrons.
(iv) A covalent bond is formed by
sharing one electron each from the
two bonded atoms. Hence, the
electrons present in covalent bond
are divided equally between the two
bonded atoms.
(v) Curly arrows are used correctly to
indicate the movement of electrons.
The tail must indicate the origin of
electrons and the head, their
destination.

(iii)

Following illustrations will help to
explain this alternative pedagogical
approach. The reactants are shown in
step (i) The carbon atoms are numbered
in order to distinguish them in different
steps. The number of valence of electrons
(bonding and non-bonding) are shown as
electron count. The charge developed on
different atoms are indicated in the last
column in each step.
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INlustration 1
Addition of HBrto >C = C<

No. of atoms Electron count Charge
H\zc/H 5 H 5
(i) H/+\H Ly 1 c 4
H/Cl:\H 1 C? 4
1 Br 7
l 20 0
5 H 5
H: H 1 C! 4
5 \ R :B}e D,
(ii) _ 1C\\ . 1 C 3 +1
Mgt 1 Br® 8 -1
20 0
H\Z)C?I/Br 5 H 5
| 1 C! 4
(iii) C 1 C? 4
H7LH 1 Br 7
20 0

You may observe that the total electron same in each of the three steps.
count, 20 and the net charge remain The bond energies would indicate that

Mlustration 2
Hydrolysis of Enthanoyl Chloride

5 H 5

1 ¢ 4

2 N 1 4

0 cH, , [0 1 o 6
:'C:l/ .'. 1 02 6

o H/(g\H 1 Cl 7

32 0]
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in CH,COCl, it is the C—Cl bond which electron counts of only those atoms of the
is breaks during the reaction and —Cl reacting molecules may be included
isreplaced by —OH. which participate in the reaction. In

5 (e. 5 H 5
CH, 1,04 1 C 4
(ii) .. C_ . 1 C! 4
O 0-H 5
: | 1 O 7 -1
@2
1 O 5 +1
1 C! 7
l 32 0
) 5 H 3
¢ 1 C! 4
) CHs\lc//.Ol - N
@) :CL: o+ \C%;H 1 O 6
< s
H 1 O 5 +1
[S]
1 Cl 8 -1
l 32 0
4 H 4
@
2 1 H 0 +1
CH3\1 //Ol 1 C! 4
o C_. 1 C2 4
(iv) Cl + .92+H 1 O! 6
H 1 O? 6
S)
1 Cl 8 -1
32 0

After developing the practice to write  other words, the electron count of CH,
the mechanism in this manner, the group may be excluded for convenience.
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Mlustration 3 substitution reaction. The electrophile,
Nitration of Benzene NO., is generated from sulphuric and

Nitration of benzene is an electrophilic ~ 1itric acids as follows :

Formation of Nitronium Ion

2
:0:
Lo 3 H 3
H-0-5-0-H 3 O 18
(0 O 3 0 18
+ .5 1 O3 8
q 0. 1 S 6
H-O-N, 1 N 3
l ° 56 0
.2 .
%0-S—0—H (HSO)) 1 O 6
;(”)? 1 & 7 -1
+ 1 o 5 +1
(i) H ., 3 02 18
! O: 1 O3 8
@, =
H- 0~ N\;(')-. 1 S 6
) 1 N 3
” 56 0
2
:0:
-1-
%0- S —0—H (HSO)) 3 H 3
2 2 O 12
:0" -
+ 1-0' 7 -1
(iif) 3 02 18
H Y 1 0° 8
. ®_O; 1 S 6
H=Q" + Ny 1 N 2 +1
9
Nitronium 56 0

Ton



In step (ii), on one o' of H,SO,, there

are 7 valence electrons and on &' of HNO,,
there are 5 valence electrons. The net
charge in all the three steps is zero.
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reaction, that is, the reaction of
nitronium ion with benzene to form
nitrobenzene, the electron count is 46
and the net charge is +1.

Reaction of Nitronium Ion with Benzene

s 6

o R 0
o: 1

1

l 1

o °

1 N\ . '.3 1

(ii) H 9 6
1

1

1

—_
E
Q «— S
+ @
me /&
0
oo Co
— == O-ICD

It may be observed that in the first stage
of the reaction, that is the formation of
nitronium ion, the total electron counts,
56 remains constant in all the three
steps. In the subsequent stage of the

C 24
H 6
02 6
03 8
N 2 +1
46 +1
C 20
& 3 +1
H 6
02 6
03 8
N 3 0
46 +1
C 24
H 5
o’ 0 +1
02 6
(o} 8
N 3
46 +1

This alternative approach of learning
reaction mechanism does not in any way
compensate for the lack of knowledge or
understanding of organic structures and
molecular behaviour of organic
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compounds or their functional group mechanism witten is at least chemically
chemistry. But this procedure when plausible. The consistent use of this
applied consistently, does serve as a approach can help to write ultimately
valuable check to ensure that the correct mechanisms of reactions.

REFERENCES

PauLa Yurkanis Bruice. 1998. Organic chemistry, 2nd Ed. Published by Prentice-Hall
International, Inc.

L.G. WapE. Jr., 2004. Organic chemistry, 5th Ed., Published by Pearson Education
(Singapore).

R.T. Morrison and R.N. Boyp. 2001. Organic chemistry, 6th Ed., Published by Prentice
Hall of India.

Chemistry-Pt II. 2007. Textbook for Class XII, NCERT, India.



Communicating Science
through Graph

V.P. SrRivasTAVA
DESM, NCERT,

New Delhi 110016
EACHING  SCIENCE involves
T teaching the language of science.
Scientists listen to each other,
speak, read and write to each other. In
science, we also communicate through
pictorial and diagrammatic forms and
tables and graphs. Of all these modes of
communicating science, graphs have a
special place and role. They provide us
with,a powerful tool of teaching/learning
science. It is much easier and effective
to visualise or communicate a scientific
fact/principle or situation through
graphs than through a set of data
arranged in a table or written in words.
But in order to develop the skill of
communication through graphs, one has
to learn the vocabulary and grammar of
graphs. One has to learn to ‘read’ and
learn how to ‘write’ graphs. We often turn
to graphs when words fail us. There are
anumber of topics/situations in science
where teaching/learning process is
facilitated through the use of graphs. For
example, one cannot just imagine
teaching the topic of ‘motion’ without the
use of this tool.

Here an attempt has been made to
help you will learn how to ‘read’ a graph
or in other words, how to interpret a
graph. Secondly, you will also learn how
to communicate scientific facts/data

more effectively by transforming them
into a graph. Several examples and
exercise have been given to help you to
understand, develop and master the skill
of communicating science through
graphs.

Research studies (Leinhardt, G., et
al. (1990) and papers cited therein) have
shown that failure to understand and
correct use of the grammar of graphs
often leads to, in many situations,
drawing wrong or erroneous inferences
from a graph. This results in
misconceptions in minds of students.
Some such situations are also discussed
here and these should be kept in mind
while using graphs to communicate
science.

Objectives

After going through this article, you
should be able to:

(@) derive information from a given graph,

(b) make prediction from information
presented in a graph,

(c) calculate values of scientific
quantities from a graph,

(d) present scientific information
through a graph,

(e) learn the grammar of graphs, and
understand about students’
misconceptions associated with
reading from graphs.

Developing the Skill

Let us first learn how to interpret a
graph. According to By interpretation, we
refer to the action by which a student
makes sense or gains meaning from a
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graph or a portion of a graph (Leinhardt,
G., et al.(1990)). In the process of
interpretation, a student may be trying
to decipher issues concerning:

(a) pattern (e.g., what happens toy as
X increases?);

(b) continuation (e.g., interpolation or
extrapolation of a graph);

(c) rate (e.g., how do the number of
bacteria change after every five
hours at a fixed temperature?);

(d) determining when specific events or
conditions are met (e.g., What is the
minimum? At what point does a car
round a curve? Who is the tallest
child in the class?).

Following examples may help to
understand the above:
Example 1: The graph in Fig. 1 shows
the variation of average weight of boys/
girls with age. Questions 1 to 7 have
been designed to communicate various
scientific facts related to the issue of this
variation (Leinhardt, G. et al.(1990)). Try
to answer these questions.
Weight (average)

in kilogrammes
'3

70}
60 {
so |
<o
30t
20

10

e,
20
Age in years

1. The average weight of boys at the age
of 9is

2. The average weight of girls at age
17 is

3. From what age do the boys on an
average weight more than 55
kilograms?

4. From what age do the girls on an
average weight more than 20
kilograms®?

5. When (at what ages) do the girls
weight more than the boys?

6. By how many kilograms does the
average weight of girls-increase
between the age 3 and 8?

7. At what age do the girls put on
weight most rapidly?

Example 2: The graph in Fig. 2 shows
the maximum amount, in grams (g),
of three different compounds that can
be dissolved in 100 g of water at
different temperatures. Answer
questions 1 to 4 and in the process you
will learn many scientific facts about the
effect of temperature on solubility of
compounds.

1. Give the name of the substance,
which is most soluble at (a) 20 C and
(b) 70 DC.

2. Give the name of the substance,
which is least soluble at (a) 20 C
and (b) 70 DC.



Solubility in grams per 100 grams of water

Body temperature °C

36.5-1 - -

120

40

i
i
i

S N T
) ,' Souium chioride

Y Y N T
FE
| .

0 w20 3 40 50 60 70 R0 90 o0

Temperature in °C
Fig. 2:
For which substance is the
solubility least affected by change
in temperature?

Why do you think that the tempe-
rature axis goes only up to 100 C?

Exercise Graph A

i Lokt |

R . . ——m
0O 5 10 15 20 25 30 35 40 45 50

Minutes
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Example 3: The graphs in Fig. 3 show
the effects of exercise and immersion in
cold water on human body temperature.
Answer questions 1 to 5 and learn
interesting facts about this aspect.

1. What was body temperature after
exercising for 10 minutes exercise
and after remaining immersed in
cold water for 10 minutes?

2. How long does the body take to
attain normal temperature after
exercising for 10 minutes and also
after being in cold bath for 10
minutes?

3. What causes body temperature to
rise during exercise?

4. Describe all the temperature control
processes, which ensure that body
temperature returns to normal after
exercise.

5.  Describe the temperature control
processes, which help the body to

regain normal temperature after the
cold bath.

Cold bath
(at 18.5 C) Graph B

—_———

Body temperature °C
@
N
%28
L

36 5 Sadaid St - b l‘_'-'r'——'l";'—l'-"r_‘T

0 5 10 15 20 25 30 35 40 45 50
Minutes

Fig. 3
(Note: To answer question Nos. 3, 4 and 5 refer to a standard textbook)
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Example 4: Fig. 4 shows a set of 15
graphs labeled A to O. Eight of these are
displacement-time graphs while
remaining are velocity-time graphs.
Attempt the following questions to
understand different aspects of motion.

(1) For each of the displacement-time
graphs labelled A to H, identify the
velocity-time graph, labeled I to O

2

List the graphs that represent a

stationary object.

that most probably represents the (3) List the graphs that represent an
same motion. object moving with constant
velocity.
N S
(© ®
t { ¢
’ NG ™~ @ |®
t t :
v v 14

©
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©

14
v v
| @ @
0 0

Fig. 4

(4) List the graphs that represent an
object moving with increasing speed.

(6) List the graphs that represent an
object moving with decreasing
speed.

Example 5: Fig. 5 shows a plot of velocity
versus time for an object in linear motion.

ot I L
s:o A - —==
- // N T
1A AN

] 40 \ 6. 8
-20|-- ad \

Velocity (m/s)
(=)

Time(s)
Fig. 5
(@) Compute the acceleration for the

motion between A and B, B and C,
Cand D, D andE.

(b) Describe how the object moves
during the last time segment shown
by DE in the graph.

The exercises given at the end of this
article may help you to master the skill
of interpretation from a graph.

Through the above examples and
exercises you have learnt how to make
sense or draw information from a graph.
In all these examples, someone has been
trying to communicate facts/principles
to us through the language of graphs.
But, suppose you wish to communicate
your ideas or findings to others through
graphs. Then how will you do it? For this,
one must learn how to ‘write’ a graph or
in other words, how to construct a graph.
Let us learn how to construct a graph.

By construction we refer to the set of
generating something new. Construction
refers to building a graph or plotting
points from a set of data or to build an
algebraic function for a graph. Some
common steps involved in the
construction of a graph are:

(i) selection and labeling of axes,
(i) choice of scale,
(iii)

(iv) plotting of the graph.

identification of unit, and
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Construction of a graph could be
fairly simple or quite complex depending
on the format in which the data is
available to us. For example, plotting
points from a table of ordered pairs, once
the axes and scales are set up, is quite
straight forward. On the other hand,
constructing a graph to represent an
algebraic equation could be rather
difficult. This is so mainly because it may
often not be obvious where one should
focus and what implicit given would be
useful for determining the equations.

Once you have constructed a graph,
you can design a set of questions, based
on this graph to make it a learning
experience.

An important component of
construction of a graph is scaling. It
involves selection of axes, appropriate
scales and also the units in which the
data is available. For example, a student
might need to decide whether the number
of units each interval on the graph would
represent should be one, two, three, and
so forth; and whether both the x- and y-
axis should use the same scale. When
scales are changed for the plotting of the
same function, the shape of the resulting
graph may look quite different. But it
should be borne in mind that the x- and
y- intercepts do not change but the

geometrical angle that the line makes
with each of the axes, will change under
the change of scales.

Let us do some examples to learn the
task of construction of graphs.

Example 6: The velocity of an automobile
changes over a period of 8.0 s as shown
in Table 1.

We want to transform this data into
a graph. For this the first task is to select
a proper scale and then plot the points
on a graph paper. Thus, we have a
velocity-time graph of the motion. Next
problem is to communicate through this
graph. Following questions are designed
to communicate through the graph:

(a) Determine the distance the car
travels during the first 2 s?

(b) What distance does the car travel
during the first 4 s?

(c) What distance does the car travel
during the entire 8 s?

(d) Find the slope of the line between
t=0s and t = 4 s. What does the
slope represent?

(e) Find the slope of the line between
t=5.0sand t = 7.0 s. What does
the slope indicate?

Example 7: Table 2 shows a record of
changes in mass of a turkey from

Table 1
Time (s) Velocity (m/s) Time (s) Velocity(iml s)
0.0 0.0 5.0 20.0
1.0 4.0 6.0 20.0
2.0 8.0 7.0 20.0
3.0 12.0 8.0 20.0
4.0 16.0
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Table 2
Age in months o* 1 2 3 4 5 6 7 8 9 10
Mass in kg 005 |05|21|39|62 | 86 | 106 | 12.7 | 14.6. | 148 | 149
* Just hatched

hatching to the age of its maturity.
Construct a graph of these results in two
different ways:

(a)

with age along the horizontal axis
and mass along the vertical axis;

(b) with age along the horizontal axis,
and the change in mass in a month
as compared to previous month on
the vertical axis (e.g., the change
in mass in the first month was

0.5 kg-0.05kg = 0.45 kg).

Following questions may be given to
students if we want to communicate
through these graphs:

(i) During which period does the turkey
show the most rapid growth, that is,
increase in its mass?

(ii) During which period does the rate
of increase in mass decrease?

(iii) Which of the two graph most clearly
shows the two growth periods
mentioned in (ii) above? Why both
the other graphs do not show them
equally clearly?

Does this example help you to
comprehend the importance of looking at
results in more than one way?

The exercises given at the end of the
article may help you to master the skill
of constructing a graph.

Misconceptions

Misconceptions are defined as those

incorrect features of student knowledge
that are repetitive and explicit. Research
studies [Bell, A., and Janvier, C. (1981);
Janvier, C. (1981); Kerslake, D. (1977 and
1981); McDermot, L. et al. (1987)] have
clearly shown difficulties and
misconceptions associated with
student’s learning from graphs. These
difficulties can be grouped under three
main categories:

(i) Interval/point confusion;

(ii) Slope/height confusion, and
(iif) Iconic interpretation.
(a) Interval/Point Confusion:It is found
that in the process of interpreting a
graph, students often narrow their focus
to a single point even though a range of
points (an interval) is more appropriate.
This is most likely to occur when the
wording of a question is ambiguous. For
example, with respect to that graph
shown in Fig. 1, it was found that
students often responded with a single
point when asked the questions, “when
are the girls heavier than boys”? and
“when are girls growing faster in weight
than boys”?

Given the ambiguity of the word
‘when’, it must be granted that
technically these students are correct.
Nevertheless, their focus on a single point
does seem to be part of an overall
tendency to interpret graphs point wise.
Another manifestation of this tendency
is slope/height confusion.”
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(b) Slope/height confusion: There are
numerous studies which reveal that
students confuse gradients with
maximum (or minimum) values. For
example, when the graph given in
Fig. 6(a) was shown to a group of students
and they were asked whether at the
instant t = 2 s, the speed of object A is
greater than, less than, or equal to the
speed of object B?; many students
incorrectly answered “less than”. This
suggests that the students are focusing
on the fact that at t = 2 s, the value of
point A on the graph is less than the
value of point B on the graph; and that
they are not focusing on the fact that at
t = 2 s, the slope of A is greater than
that of B.
A

8

100

80

position 60 F
{cm)

40 F

20

| 1 { 1 [

2 4 6 8 10
time (sec)

Fig. 6 (a)

In another study, students were the
shown the graph given in Fig. 6(b) and
they were told that A represented the
height to which water gets filled in a
wide mouth jar being filled under a tap.
Then they were asked to draw a graph
for the height which water would get
filled in the case of a jar with a narrower
mouth being filled under the same tap.

Instead of drawing the correct graph C,
most students drew graph B. The
students took account of the fact that the
level of water would be higher in the
narrower jar, but failed to note that the
rate (the slope of the graph) would be
greater also.

(c) Iconic Interpretation: The most
frequently cited student error with
respect to interpreting and constructing
graphs, is iconic interpretation.
Research studies show that students
sometimes interpret the graph of a given
situation as a literal picture of that
situation. A frequently cited finding in
this context is student’s interpretation
of graphs as the paths of actual
journeys. For example, students were

A
C
height
. B
"./.’
L
i LA
o’.’A
. e
time
Fig. 6 (b)

shown the graph given in Fig. 7 and
asked, (i) which of them represented
journeys; and (ii) to describe, for each
graph, how the journey took place.
Most students thought that all three
graphs could represent journeys.
Another kind of error that students
often make is with respect to velocity-
time graph shown in Fig 8. It was found
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that students would state incorrectly
that the two cars whose motions are
represented in the graph were passing
each other at the point where the graphs
intersect.

¢ Q

Velocity

time

Fig. 8

Exercises

1. The graph in Fig. 9 shows how long
it takes students to leave the
building during a fire drill. Answer
the following questions:

(i) How many students were in the
building before the fire drill?

Number of students in the building

(i)

(iii)

(iv)

400
350

300
250
200
150

100
50

0 >
0O 10 20 30 40 50 60 70 80
Seconds

Fig. 9

How many students were in the
building after: (a) 10 seconds; (b) 30
seconds; and (c) 40 seconds?

How many seconds had passed
when there were only 50 students
left in the building?

How many seconds did it take for
all of the students to leave the
building?

Mohan plans to study the effect of
growing sun flowers in different size
pots. The graphs in Fig. 10 show four
possible outcomes of his
experiment.
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Which graph is best described by each (1)
of the following statements?

(i) As the pot size increases, the plant  (ii)
height decreases.

(i) As the pot size increases, the plant 4.
size increases up to a certain pot
size. With larger pots, plant height
remains the same.

3. Some solid crystals were heated in
a test tube until they melted. A
thermometer was put into the liquid
and the test tube removed from the
source of heat. When the heat was
stopped the contents of the test
tube were allowed to cool. The
temperature was recorded every
half a minute and the results are

shown in the graph (Fig. 11): a
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Fig. 11

What was the temperature after two
minutes?

At what temperature did the
crystals turn to a solid?

The graph in Fig. 12 shows the yield
of ammonia produced at different
temperatures and pressures. Each
curve represents the change of yield
with changing pressure at a
constant temperature. Use the
graph to help you answer the
following questions.
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pressure (atm)

Fig. 12
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(i) A typical factory operates at 400 C (i) What are the average velocities for
and 200 atmospheric pressure. the segments AB, BC, CD, DE, EF,
What is the yield of ammonia under FG, and BG?
these conditions? (ii) State whether the motion is uniform
(ii) What is the effect of increasing the or non-uniform in each segment
pressure of the reacting gases on the mentioned in (i).
yield? (iii) What is the instantaneous velocity
(iii) What is the effect of increasing the at point D?
operating temperature on theyield? g An excess of marble chips was
(iv) Give one disadvantage of operating added to 10 ml of hydrochloric acid
the factory with the reacting gases (concentration 1 mole per litre). The
under a higher pressure. volume of carbon dioxide given off
(v) A manufacturer proposes increa- was measured every 30 seconds.
sing the‘tempe.rature at which the  pjot these results (Table 3) on a graph
process is carried out. Is there any  paper and draw the best curve possible.
advantage in doing this?
" . (i) Atwhat time was the reaction going
5.  Aplot of position versus time is given
. . . s fastest?
in Fig.13 for an object in linear 3 )
motion. (ii) Suggest a way of making the
. reaction go faster.
100 (ii) Why did the reaction stop?
00 D (iv) How could you investigate the rate
8.0 A\ of this reaction, without measuring
7.0 A P the volume of gas given off?
E 60 7 N 7. Starch is a carbohydrate. It can be
§ s0 broken down into glucose and into
8 a0}~ N alcohol by enzymes. Table 4 shows
30 7 Tl results of an experiment designed
20 to study the action of enzymes on
104248 starch at different temperatures.
o 20 0 o 80 100 120 t The presence or a.bsence of staljch
Time 1s) after the reaction is detected using
iodine as indicator. Iodine gives a
Fig. 13 blue colour with starch.
Table 3
Time in seconds 30 60 90 120 150 180 210
Volume of carbon 30 52 78 80 88 91 91
dioxide in ml
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Plot on a graph of these results. How thermometer fow drops of mixture

taken out every 2 minutes
does the graph indicate the effect of — /
temperature on enzyme activity? % 50
8. The results of measurements of / 0%

voltage (V) and current (1) for a lamp
are given in Table 5:

tile containing
lodine solution
in each hollow

Calculate from these data the —fred
resistance R at each voltage and  |jf [~ ]| Smnutes { -

plot R versus V. Is R constant? If 7/‘-J—/~\ -
not, why does it vary? starch  enzyme AErBM starch +

solution  solution ?tappro?riate enzyme
i i mperatur .

9. The mass of a brother and his sister emperature mixture

were recorded during the years of Fig. 14

their growth as shown in Table 6.

Table 4
Temperature/ C 20 | 25 30 40 | 45 50 55 60 65 70
Time taken 10 8 8 6 6 8 10 16 30 Blue
until no blue colour
colour is remains
formed/min
Table 5
Voltage Vin volts 120 100 80 60 40 20
Current /in ampere 0.805 0.730 0.635 0.540 0.445 0.305
Table 6
Age in years Birth 2.5 5 7.5 | 10 12.5 15 175 | 20
Mass | Boy 4.5 155 | 20.0 | 24.1 | 32.7 38.6 59.1 64.5 | 65.9
in kg
Girl 3.5 13.6 155 | 22,5 | 27.7 40.9 50.5 | 54.1 54.9

Plot the data on a graph paper. From  (iii) Beyond what age did this maximal

the graph answer the following growth rate occur?
questions: (iv) What was this annual increase in
(i) At what age was the girl heavier mass?
than the boy? (v) What was the increase in mass per
(ii) Which child had the highest annual year at the time of the slowest rate

increase in mass? in either child before the age of 13?
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complete well balanced diet
A providing adequate amounts of
nutrients is necessary to keep an
individual in good health. Stress has
become an integral part of life. It has not
left anyone untouched right from a child
who wishes to seek admission to a school
to an adult who is looking for a job to an
elderly who is retired and desires to cope
up with retired life. It finds place in every
walk of life. Everyone, today, is stressed
out.

As such there is no diet that would
remove stress but yes a few guidelines
in managing our eating habits can help
in mitigating stress. Each one of us
should have a well balanced diet. One
which would provide all the nutrients
viz., calories, carbohydrates, proteins,
fats, vitamins and minerals in the right
proportions and amounts. Or in other
words, all the food groups need to be
included in a day’s diet. These food
groups comprise cereals, pulses, milk
and milk products, fruits and vegetables,
meat, fish, egg and poultry, nuts and
oilseeds, fats and oils and sugars.
However, some of these food groups are
optional for a vegetarian. In a day’s diet
for a vegetarian, about 200-300g of
cereals, 60g of pulses, 300ml of milk and

milk products, 200-300g of vegetables,
100g of fruits, 20g of visible fats/oils and
20g of sugar should be included. A
variety of foods selected from these food
groups would result in a balanced diet.

In a normal day’s diet, a four meal
pattern is followed. But those individuals
who work throughout the day and are
stressed should eat little but more often.
A six meal pattern is considered to be
good for them. They should start their
day with a substantial breakfast followed
by a healthy mid-morning snack, lunch,
a nourishing mid-afternoon snack, tea
and dinner. This eating pattern provides
a constant energy supply throughout the
day and keeps the brain fuelled. Small
meals are easy to digest. It is often harder
for people under stress to digest a large
meal.

People who are stressed should not
skip meals. Skipping meals will lead to
low energy levels and can have a
negative effect on the mood. Skipping
meals can even add to the stress. One
should also remember to eat slowly,
taking smaller bites and chewing well.
Eating quickly is often associated with
digestive upset and this coupled with
stress can make the food more difficult
to digest.

Meals/snacks should supply
complex carbohydrates with proteins.
Complex carbohydrates can be obtained
from bread, cereal grains, pulses, fruits
and vegetables while proteins can be had
from pulses, cheese, milk and milk
products, eggs and meat. Carbohydrates
are easy to digest and provide with fuel
within a short period of time. The proteins
in food tends to make us feel a bit more alert.
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Plenty of fresh fruits and vegetables
should be included in the diet. These
provide us with minerals and vitamins.
These components and some others help
boost immunity which often suffers
when under stress. Fruits and vegetables
also contribute fibre to our diet. We need
about 30-35g of fibre every day. Most
people consume much less than this.
Fibre is important because it reduces the
transient time in the colon. Fibre also
helps to keep the colon clean, reduce
cholesterol, remove toxins from the body
and eliminate constipation.

Good amount of water should be
consumed in a day. About 8-10 glasses
of water per day are recommended, this
should amount to about 1.5 to 2 litres a
day. Water is beneficial for the skin, too.
It also helps to flush out toxins and keeps
the kidneys in good working order.

In stress, our body may not function
properly. Hence, we should listen to our
body and avoid foods that cause us
distress. Many people find that when
they are under stress, rich, spicy or fatty
foods are more difficult to digest. Other
people find gas producing foods like
cabbage, onions and other vegetables
may be more difficult to digest when
stressed. Hence, these should be
avoided.

In today’s world, eating out has
become a trend. With so many fast foods
available, they become our choice. We
should try to avoid ‘fast foods’ because
they usually contain more additives and
fat than what is good for us. Certain food
additives may aggravate stress. Fast
foods contain high amounts of salt which
may contribute to high blood pressure.
High intakes of fats may be associated
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with heart problems.

Since we are on fats, we should avoid
saturated fats like vanaspati, and switch
over to vegetable oils like cottonseed,
soyabean, safflower, sunflower,
groundnut, etc.

We should use a combination of
these oils rather than use one type of oil
for years together. A diet high in fat may
lead to raise the levels of cholesterol,
triglycerides and unhealthy lipoproteins
which are linked to coronary heart
diseases. Hence, we should eat foods
cooked in little amount of oil or no oil
at all.

We should avoid excessive amounts
of salt, also. We need 3-8g of salt per day
but we consume much more than that.
Many processed foods contain high
amounts of salt, hence judicious selection
of these foods like namkeens, wafers,
cheese, chaat masala, canned foods,
salted nuts, etc. becomes necessary.
Sodium is naturally present in foods in
adequate amounts and with what is
needed in cooking food would suffice.
Excessive amounts are not preferred.

We should limit the intake of coffee,
tea and cola drinks as these contain
caffeine, and alcohol too. Caffeine and
alcohol are stimulants and can affect
our mood during and after consumption.
Small amounts of caffeine can give us
energy or make us feel alert but too much
can make us anxious and affect sleep.
Alcohol can affect sleep patterns and
heighten feelings of depression. Hence,
caffeine and alcohol should be consumed
in small amounts, only.

Besides diet, another way to alleviate
stress is exercise. Exercise relieves stress
by providing more oxygen to our body. A
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brisk walk for 20-30 minutes at least
three times a week is sufficient for good
health. A little exercise everyday can
keep us destressed.

We should understand that there are
no pills that would make the stress go
away. Diet and exercise can help.
However, if we are not eating enough
through a difficult period, a multivitamin
can help bridge the deficit and B complex

25

vitamins can soothe the nerves and make
us feel better.

Hence, a diet which is full of
vitamins, minerals, fluid and fibre,
and adequate in calories and proteins
and low in saturated fats, salt and
caffeine would be good for us. A
combination of diet and exercise will help
us mitigate stress and will give us get the
impetus tojust go on with vigour and vitality.
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P unwanted particles in air, land,
water or soil which are harmful
living organisms. Until recently, we have
come across pollutions like air water, soil,
land, radioactive, etc. The recent kind of
pollution that has caught the attention
of experts all over the world is— ELECTRO
POLLUTION.

ELECTRO POLLUTION is the
pollution caused by electromagnetic
forces and energies. It occurs in the form
of field at 9ft radiation. Natural
electromagnetism has always been
around, only during the last decades
with the increase in the use of electricity
and communication technology has
artificial electromagnetic environment
grown to degree that has started to cause
health problems.

Unlike earlier analogue phones, the
digital GSM ones emit a series of short
pulses at a basic repetition rate of 217
HZ. Pulsed microwaves have been shown
to be more biologically active than
continuous radiation of some frequency
and power level. Human beings are also

oLLUuTION is the presence of

exposed to these pulses and could
penetrate the cells inside the user’s and
other nearby people’s bodies. In fact, up
to 80 per cent of the transmitted power
can be absorbed by the user’s head,
which means that the brain cells are
being “hit” by these radiation pulses 217
times every second. A low frequency
pulse, carrying information, travels on a
high frequency microwave. As the pulse
is digital (on/off) and ‘rhythmic’, it
penetrates very powerfully with little
energy input (the antennae on the
transmission towers only have the
approximately wattage of a light bulb, 50
W. This is sometimes called the
Jackhammer Principle. By pulsing, a
relatively small and light jackhammer is
able to break through the hardest rock.

It is the pulse action that makes
mobile phone radiation considerably
more dangerous to living systems
(as well as technological systems, like
airplanes, heart pacemakers, hospital
installations), than the far more
powerful TV /radio/.... signals, which are
emitted with up to 100,000 Watts of
power. These emissions are not pulsed
however and vary in frequency and
modulation, thereby causing relatively
less damage.

Despite what some mobile phone
companies are claiming, mobile phones
do radiate microwaves similar to those
used in a microwave oven to cook food.
EMF radiation from mobile phones has
been linked with the cancer, multiple
sclerosis and other serious conditions.
There are also a number of less harmful
side effects such as tiredness, headache,
joint pain and burning ears. If microwave
or pulsed low frequency electromagnetic
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fields (EMF’s) do turn out to be
carcinogenic, even if we backdate it five
years, we should not be expecting to see
much in the way of induced cancers for
another 10 years. In the meantime we
discover that almost all the major phone
manufactures are quietly and prudently
patenting EMF reducing cases and
aerials. Despite the impression that
mobile phone companies give in their
literature, little work has been done on
long term human health implications of
mobile phone use.

Public awareness of possible dangers
was probably triggered by the Reynard
Brain Tumor Case in 1992. About 8
lawsuits alleging that cellular phones
caused brain tumors have been filed in
the USA.

Officially, negative impacts on
biological systems are measured by the
degree of heat, that is generated in the
tissue by the radiation energy.
Overwhelming evidence suggest,
however, that there are several non-
thermal impacts of electromagnetic
radiation that can’t be ignored. The
European Parliament demands that
regulations be force by 2010, to protect
people from EM fields which are
suspected to cause cancer or weaken the
nervous and immune systems.

The following is an example of
research, which has initiated the
parliamentarians concerns:

Dr. Varga tested the effect of pulsed
high radiation on fertilised chicken eggs.
Of the groups that were exposed, all
embryos either died or were born
deformed. The unexposed were all
healthy.
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Important non-termal biological
effects have also been reported, which
could account for the development of
cancer, asthama and lowering of male
fertility. Cell membranes carry charge
particles and therefore surface receptors
of the membrane (usually proteins) are
highly charged. Signals are transcended
into the cell interior where growth,
development and cell division are
regulated by processes which involve
ions. These features have been shown
to alter their behaviour in the presence
of imposed external electromagnetic
fields. One study has indicated that
microwaves can alter DNA synthesis,
enzyme activity, ion transport, cell
proliferation and the cell cycle.

Low frequencies (generated by the
pulsed nature of GSM cell phones
signals) have been previously shown to
lower lymphocytes ability to “mark”
cancer cells and to depress the ability of
other lymphocytes that destroy the
‘marked’ aberrant Cells. Low level
microwaves have also been shown to
alter both the immune response and EEG
activity in rabbits.

In the spring of 1999 surprising
findings emerged from the industry
sponsored programme. Included in these
unanticipated findings were the
following:

e  Micronuclei in the blood: Human
blood exposed to radio waves emitte
by the cellular phone antennaes
contained micronuclei, an indicator
of serious genetic damage.

e Increase risk in brain cancer: Cell
phone users were more likely than
non-users to die of brain cancer.
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Location of tumor: There was
statistically significant correlation
between the side of the head where
the tumor was located and the side
of the head where the person used
the cellular phone.

Increase risk in Acoustic Neuroma:
Cellular phone users of more than
6 years had an increase in the risk
of acoustic neuroma, a benign
tumor of the auditory nerve also
located within the range of the
radiation plume emitted by the
cellular telephone antenna.

Other researches show that:

Unborn child affected by radiation:
As the radiating cell phone units
are being moved elsewhere or on
near the body. In many cases the
devices are relocated immediately
adjacent to the area where an
embryo or fetus is carried.

Mobile phone radiation disturbs
sleep patterns: Electromagnetic
fields from mobile phone use
significantly increase activity
during early, non-rapid eye
movement in sleep.

Worms raise safety concerns:
Nottingham University UK found
that female nematode worms
exposed to mobile phone radiation
stress, grew 10 per cent larger and
produced more eggs.

Mobile phones may cause damage
to nerves around ears.

Mobile phone radiation may lead
early Alzheimer’s disease: Long
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exposure destroyed cells in parts of
the rat brain important for memory,
movement and_learning and could
possibly cause premature illnesses
such as Alzheimer’s if it effects the
humans in a similar manner.

. Special concern for children: Studies
showed that radiation penetrated
deeper into the heads of teenagers
and children resulting in more
exposure to potentially harmful
radio waves than adults.

e  Vocal-Cord problems are increasing
in the frequent cell phone users.

Cellular phones had not been tested
for safety prior to their entry into
commerce in the middle of 1980’s,
however, if the findings of genetic
damage and increased risk of tumors
uncovered by the industry sponsored
programme had been known earlier, it is
unlikely that cell phones would have been
allowed into commerce without safety
precautions.

The scientists recommend that
information about these finding be made
available to the public and that a system
of tracking health concerns among cell
phone users be put in place as a means
of post market surveillance. In addition
because the problem seems to be with
the near field radiation plume (within
about six inches of the antenna), it was
prudent to recommend that consumers
use handsets or other hands-free devices
that allow the antenna to be kept more
than six inches away from the body
during use. The wireless industry refused
to take these steps.
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HE discovery of fullerene, an exotic
T carbon molecule, opened up an
entirely new field of fullerene
science that not only enthused chemists
but also physicists and material
scientists. Prior to the discovery of
fullerene, dimond with a three-
dimensional crystal network of atoms
and graphite with a layered or two-
dimensional network were the only two
allotropic forms of carbon that were
known to exist in nature. With the
discovery of fullerene’s, the number of
carbon allotropes rose to three.

In 1966, chemists were toying with
the bizarre idea of creating hollow
graphite balloons in the laboratory. But,
the whole idea was dismissed, dubbing
it as merely ‘amusing and interesting’.
However, the attempts to look for newer
cluster forms of carbon with a view to
accord for the formation of the Universe
went on with full zeal and formed one of
the major activities of chemists,
astrophysicists and biologists. Harold W.
Krote, an astrophysical chemist at the
University of Sussex, England was
analysing the different spectral bands
obtained from the interstellar space
particularly from carbon-chain
compounds of carbon cyclopolynes. The
identification of these compounds,

however, was not so easy. This required
laboratory simulations of the conditions
prevailing in the interstellar space.
Kroto, therefore, decided to collaborate
with the Rice University group comprising
Richard E. Smalley, Robert F. Curl and
others, who had the laser vaporisation
facility in their lab.

The collaborative work of Kroto with
Smalley, Curl and others in fact began
in September 1985. The scheme of their
experiment involved the vaporisation of
carbon atoms from the surface of a
graphite disc by a laser pulse. When
vapours were allowed to cool in the inert
atmosphere of helium, the carbon atoms
combined forming cluster of various
sizes.

On analysing clusters with the help
of a mass spectrometer, the research
group at Rice University could identify
two clusters with 60 and 70 carbon
atoms respectively. However the
dominant cluster was the one containing
60 carbon atoms, which was christened
Bucknister fullerene or fullerene is short,
after Buckminster Fuller who had
earned much name and fame due to his
invention of geodesic domes. In fact, in
the beginning, the C_, molecule was given
many interesting names like buckyball,
soccerene, footballene and carbosoccer
because of its striking resemblance to a
soccer ball.

The Structure

The soccer ball shaped C,, molecule was
found to have a structure of a turncated
icosahedron (an icosahedron with its
verticles chopped off) with 60 vertices
comprising 20 hexagons and 12
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pentagons with no two pentagons
however joined together. The pentagons
are not only instrumental in giving
fullerene the shape of a geodesic sphere
but also render stability to its structure.

The graphite sublimate method
employed by Kroto, Smalley, Curl and
others produced fullerene in very minute
traces only. This enabled only
theoreticians to carry out their work with
this fascinating molecule. In September
199, however, a new method called
‘benzene combustion method’ was
evolved by the team working at the Max
Planck Institute in idelberg and the
University of Arizona. The team of
scientists W. Kratschmer, K. Fosteropolos,
L.D. Lamb and Donald R. Huffman
succeeded in synthesising macroscopic
quantities of the precious molecule that
was about a hundredth of a milligram.
Their technique involved triggering off an
electric arc between two graphite rods
placed inside a reactor. The soot deposited
on the reactor walls was collected and
then immersed in a benzene and other
solution. This left a deposition of crystals
C4,and C_  molecules.

Though the quantities obtained with
the new technique described above help
develop experiments with fullerene,
producing the molecule was still a
problem. The graphite sublimation or
benzene conbustion method could hardly
provide a 10 to 12 per cent yield.
Moreover, there were some
disadvantages associated with these
techniques too. The graphite sublimation
method, for instance, suffers from two
major drawbacks. First, the sublimation
temperature is determined by the arc
and, therefore, difficult to control.
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Secondly, the arc emits a large quantity
of ultraviolet rays which can damage the
fullerene molecules under the process of
being formed.

A team from the French Scientific
Centre at the Odeillo solar furnace, near
the ciry of Montpellies in the south of
France, after painstakingly exerting for
several years, has finally been successful
in evolving a new and very promising
technique for synthesising of fullerene.

The improved new method uses solar
energy for the synthesis of fullerene. The
scheme of the experiment involves taking
solid graphite in a crucible swept by low
pressure helium. By placing the crucible
in the core of a solar furnace, the
graphite is heated to a very high
temperature of about 3000°C. The
enormous heat developed in this process
leads to the sublimation of graphite. The
mucleation of graphite is then allowed
to take place in a cooling area. The soot,
recovered in a filter, contains fullerene
molecules.

The Scope of Applications

Fullerenes seem to have boundless
poslsibilities both as a starting chemical
for making new products and chemicals
and also as a research tool. Besides
experiments on fullerene, theoretical
work has also been carried out with this
fascinating molecule. Using techniques
of quantum mechanics, some
theoreticians have computed the energy
levels of absorption, excitation, de-
excitation and the photon emissions, etc.
The theoretical computation made it
possible to predict the electrical, optical
and magnetic properties of fullerene. As
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aresult, it has been possible to fabricate
new polymers, catalysts and materials
with specific electrican and optical
properties from fullerene. Although at
room temperature fullerene behaves like
an insulator, but on doping with alkali
metals, it can act like semi-conductor
and even super-conductor. For instance,
by doping fullerene with a small quantity
of potassium atoms, the American
scientists have been able to fabricate a
super-conducting material have a
critical temperaturee of 19.3 K. In
general, by doping fullerene with alkali
metals, it has become possible to
fabricate superconducting fullerides with
critical temperature in the range of 15-
35K.

The fascinating buckyball has also
proved to be an effective lubricant better
than even graphite. When subjected to
a pressure of 40 giga-pascals (GPa),
fullerene is found to turn into a derivative
that can stratch even diamond.

It has also been possible to fabricate
better quality diamond films in terms of
purity and smoothness using fullerenes.
These films also grow more quickly as
compared to the films grown
conventionally which have a small
contamination of hydrogen. The
conventional diamond films are grown
from a mixture containing 1 per cent
methane and 99 per cent hydrogen.
However, use of buckyballs forms nearly
pure diamond films as there is not
hydrogen to cause contamination. Dieter
Gruen, a researcher at Argonne National
Laboratory in Illionois, grew such films
by passing a microwave discharge
through a mixture comprising buckyball
vapour and argon gas. The discharge tore
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off carbon atoms from the buckyballs
which then readily combined with the
surfaces to be coated to form the desired
film. A remarkable thing is that the film
grown out of buckyballs are of the order
of nanometres (one nanometre = 10° m)
in size while those made from the
conventional hydrogen-rich mixtures
are on the micrometre (one micrometre
= 10°° m). Also, such films have much
smoother surfaces as compared to the
films formed by the conventional method.

The diamond films have potential
applications in a plethora of fields
including defence, industry, electronics
and computer software. Also, they are
increasingly being used in solar cells to
enhance the efficiency and cut down the
production costs. In magnetic sound
recording too, diamond films have found
their niche.

Using fullerenes, fabrication of new
polymers and some specific electro-
optical materials have also become
possible. The polymers acquire the
properties of the fullerenes attached to
them giving easy access to the design of
new materials with varying properties.
Adducts of fullerenes with some special
polymers have found extensive
applications in photovoltaic devices.
Recently, ‘bucky light bulbs’ have also
been designed by some researchers.
Fullerene derivatives have also been
reported to exhibit fluorescence it room
temperature. This may have potential
applications in cathode-ray tubes and
other electronic devices.

Fullerenes may have diverse
applications in the field of medicine too.
These molecules have been used to
inhibit several enzymes like trypsin,
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papain, etc. Many protein-based amino
acids, with the aim of incorporating them
in natural peptides and proteins, have
also been synthesised using fullerenes.

A few years ago, some Japanese
researchers found fullerene to have anti-
cancer properties. However, the
immediate use of fullerenes is fraught
with some limitations as the toxicity
of fullerenes has not been fully
established.

The application of fullerene,
therefore, seems to be almost boundless.
It has found applications in such diverse
fields as carbon and electro-chemistry,
radioastronomy, space and semi-
conductor physics, material science,
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chemical physics, physical sciences,
medicines, and so on. Obviously, the
fullerenes seem to be the molecules of
the future in view of their wide
applications. Kroto, Smalley and Curl
were awarded the Nobel prize in
chemistry in 1996 for their valuable
contribution in the discovery of the
wonder molecule fullerene. Although
fullerene is available commercially, it
has not really reached the industries.
This is due to the exhorbitant cost of
fullerene. However, the remarkable
progress made in the field of fullerene
science over a span of about 22 years
after its discovery is indeed an
achievement in itself.
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R remains elusive even after coding

sequences of DNA of an organism

has been revealed. Cells of a multicellular
organism are constructed of various
elements besides including RNA and
protein molecules. Although all the
constituent cells of a multicellular
organism contain the same chromosomal
DNA, the differences between the cells
result from differential, synthesis of
mRNAs and protein molecules. The
different cell types such as neuron,
lymphocyte, macrophage, rod cells, etc.
arise due to expression of particular

genes that are present on their
chromosomal DNA.

econstruction of an organism

Genetic switches

The simple or complex regulatory regions
called switching devices, on DNA,near
the site of transcription of genes,
comprises of (i) defined base sequence of
DNA, and (ii) gene regulatory proteins that
bind this sequence to switch the
neighbouring genes on or off. The first
component, i.e. the defined DNA
sequence comprises less than 20
nucleotide pairs in length. Second, the

gene regulatory proteins like Gal 4,
homeodomain of yeast, zinc finger from
frog, Oct-1POU domain of mammals are
now known to be involved in the gene
expression of these eucaryotic
organisms. These proteins can recognise
a specific DNA sequence because the
surface pattern of the amino, acid seq-
hence of the protein is complementary
to the special surface features of the
major groove of DNA double helix. A gene
regulatory protein uses different
combinations of 20 different amino acids
to present a special surface that is
precisely complementary to a specific-
sequence of recognition site on DNA.

Principles of gene regulation

Many of the principles of regulation in
prokaryotic organisms also apply to
regulation of transcription in eucaryotic
organisms. The eucaryotic transcrip-
tional machinery is more elaborate than
its bacterial counterpart. In eucaryotic
cell, RNA polymerase II transcribes
protein encoding genes while RNA
polymerase does in procaryotic
organisms. The additional features of
eucaryotic cells and genes complicate
the gene regulation process. First,
eucaryotic genome contains nucleo-
somes that reduce the expression of
many genes. Second, many enzymes
modify histone proteins in nucleosomes
that in turn affect binding of
transcriptional machinery (factors) to the
promoter and gene regulatory proteins
to the regulatory sequences on DNA.
Third, eucaryotic genes contain more
regulatory binding sites to which gene
regulatory proteins (activators and
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repressors) bind than procaryotic genes
on which single regulatory protein binds
short regulatory sequence.

The eucaryotic organisms regulate
transcription in a novel way: (i) A single
promoter can be controlled by many gene
regulatory protein bound regulatory
sequences scattered along the DNA.
(i) Unlike bacterial RNA polymerase,
eucaryotic RNA polymerase II cannot
initiate transcription independently. It
requires transcriptional machinery
called general transcription factors at the
promoter to start transcription of genes.
It is striking that in multicellular
organisms, regulatory binding sites
(regulatory sequences) can be located
either thousands of nucleotide pairs
upstream of promoter or downstream of
it or even within introns or adjacent to

broken DNA
signifies long

enharrcer
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promoter. The DNA base sequences to
which eucaryotic gene activators bind
are called ‘enhancers’ as these
sequences enhance the rate of
transcription. It was discovered in 1979
that eucaryotic gene activator proteins
could be bound thousands of nucleotide
pairs away from the promoter and could
influence transcription of a gene when
bound either upstream or downstream
of promoter. Eucaryotic gene activator
proteins exhibit “action at a distance”.
This is possible because the DNA
between the enhancers and the promoter
loops out to allow the activator protein
bound to the enhancer to come in
contact with general transcription
factors, RNA polymerase II holoenzyme
and other proteins that are bound to the
promoter (Fig. 1). In eucaryotes,

DNA binding domain

DNA length

—

& activator protein

F activation domain  protein complex

RNA polymerase II

I————o start of transcription

TFIF
TFIIE
é é) TFIID
TATA T

binding protein (TBP)

TATA T
Promoter-

GENE

Fig. 1: Activation of transcription initation in eucaryotes
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expression of a gene is regulated by long
stretches of DNA sequences. This long
DNA sequence called gene control region
refer to the whole expanse of DNA
including promoter where transcription
machinery and RNA polymerase II
holoenzyme assemble and all of the
regulatory binding sites on DNA to which
gene regulatory proteins bind to control
assembly processes at the promoter.
There are thousands of gene regulatory
proteins ranging in number from
1500-3000 in human beings in contrast
to small number of transcription factors
(nearly 100 proteins) that assemble on
promoters of all the genes transcribed by
RNA polymerase II. Regulation of
eucaryotic gene expression can occur at
many stages including (i) transcription
initiation, (ii) transcript elongation,
(iif) RNA splicing, and (iv) translation.

Proteins stimulate transcription
initiation

The gene regulatory proteins that activate
transcription of genes are called gene
activator proteins. All eucaryotic gene
activator proteins consist of two distinct
separate domains: DNA binding domain
and activation domain. DNA binding
domain of the protein recognises a
specific regulatory DNA sequence
whereas activation domain accelerates
the rate of transcription initiation. There
are several ways by which eucaryotic
activator protein enhance the rate of
transcription initiation. Generally,
activator proteins in procaryotic
organisms stimulate transcription of a
gene by binding to the DNA by its. DNA
binding domain and interacts with RNA
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polymerase with its activation domain
and thus the enzyme complex is
attracted to the promoter. Eucaryotic
gene activator protein can rarely interact
directly with RNA polymerase II. This
activator protein functions in two ways:
(i) The gene activator protein can interact
with holoenzyme component, a 20
subunit protein called mediator and
recruits it along with other transcription
factors and the RNA polymerase II.
(ii) The gene activator proteins can recuit
chromatin remodelling complex (protein
machinery) and histone modification
enzymes that could alter structure of
nucleosome and histone proteins and
thus promote accessibility to the gene.
Moreover, the gene activator proteins
help to attract, position and modify
the general transcription factors and
RNA polymerase II so as to initiate
transcription. The eucaryotic
transcriptional machinery contains
numerous proteins. Most of these
proteins come to the promoters in
performed complexes such as the
mediator and TFIID (Transcription factor
D for RNA polymerase II complex). Gene
activator proteins interact with one or
more of these complexes and promote
assembly on the promoter (Fig. I). It is
held that most of the transcription
machinery comes to the promoter in a
single complex called holoenzyme that
contains mediator, RNA polymerase Il and
some of the general transcription factors
(Fig. I). The complexes of TFIID and TFIIE
arrive to the promoter stepwise with the
help of activator protein or bind
cooperatively with holoenzyme and
thus promote formation of the entire
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pre-initiation complex to stimulate
transcription initiation. The important
function of the DNA bound activator
protein is simply to interact with the RNA
polymerase holoenzyme complex and
recruit transcription factors and thereby
aid assembly at the. promoter. Gene
activator proteins could increase the rate
of transcription by up to 1000 folds.
Sometimes, many holoenzyme complex
lacks some of the transcription factors
such as TFIID or TFIIA and these must
be assembled on the promoter separately
to form pre-initiation complex. In this
case, activators could facilitate those
factors to assemble at the promoter by
interacting with them and accelerating
their assembly at the promoter. Gene
activator proteins also promote
transcription initiation by stimulating
change in nucleosome structure of the
DNA binding sites and promoter
sequence of genes. These proteins
stimulate change in nucleosome
structure through histone modification
and nucleosome remodelling. The
eucaryotic cell contains enzymes such
as histone acetyl transferases (HAT) and
chromatin remodelling complex, i.e.
complex protein machines. The latter
requires energy of ATP hydrolysis to
change the structure of nucleosomes
temporarily so that DNA becomes less
tightly bound to the histone core (two
molecules each of H2A, H2B, H3 and H4)
and thereby permits ready access to
nucleosomal DNA by other proteins
particularly those involved in gene
expression, DNA replication and DNA
repair. Gene activator proteins promote
acetylation of lysines, methylation of
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lysines and phosphorylation of serines
of n-terminal tails of the four core
histones and thus produce certain
patterns of histone proteins. Such
pattern like acetylation. by HAT is
directly recognised by one of the
subunits of general transcription factor
TFIID and stimulate assembly of other
transcriptional proteins at the promoter
to initiate transcription. In yeast, for
example, Gal4 activator protein activates
the GAL I gene efficiently in the absence
of histone acetylase or HAT enzyme at
certain stage of the cell cycle. But during
mitosis, when chromatin is more
condensed, activation of GAL I gene never
takes place unless acetylase is recruited
to the promoter for the synthesis of
enzymes for galactose utilisation.

Combinatorial control in eucaryotes: In
bacteria, simple combinatorial control is
encountered, where catabolite activator
protein (CAP) is involved in regulating
many genes such as Jlac genes and gal
genes in collaboration with other gene
regulatory proteins like Jac repressor and
Gal repressor. In eucaryotic_organisms,
combinatorial control of gene expression
is extensive. In mammalia, gene activator
protein NF, B regulates not only human
B -interferon gene (INF B gene) but also
numerous other genes including
immunoglobulin light chain gene in B
cells.
Proteins inhibit transcription initiation:
Eucaryotic gene repressor proteins can
regulate the rate of transcription of genes
in more than one ways:
(i)  Competitive DNA binding: where both
the activator and repressor proteins
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compete for binding to the same
DNA binding site and inhibit binding
of the activator to a gene and thus.
block activation of that gene. (ii)
masking or occluding the activation
domain—here, repressor protein
binds to a site on DNA beside an
activator and interacts with it,
thereby occluding the activation
domain of the activator protein,
(iii) interaction with transcription
machinery — the repressor protein
binds to a DNA site upstream of a
gene and interacts directly with
assembly complex of general
transcription factors, blocking
further assembly, thus, inhibiting
transcription initiation (Fig. 2),
(iv) repressive protein machines for
chromatin remodelling—gene
repressor protein attracts
repressive chromatin remodelling
complexes or protein machines,

binding site
for repressor
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appear dedicated to restoring the
repressed nucleosomal state of a
promoter. (v) The repressor protein
recruits histone deacetylases
enzymes that alter the nuleosome
structure by removing the acetyl
groups from the histone tails and
thus reduces the affinity of TFIID for
the promoter. Thus, we understand
gene regulation by activator and
repressor protein always depend on
extracellular signals.

Gene silencing, another mechanism
of geile regulation is also
encountered in eucaryotes. It refers
to modification of regions of
chromatin, and keeping genes, even
large stretches of DNA switched off.
A gene is silenced because of its
position, not due to signal. Gene
silencing can switch off multiple
genes, well spread over large
stretches of DNA. For example,

binding site
for activator
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Fig. 2: Repressor protein interacts with mediator of holoenzyme complex
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(ii)

mitotic chromosome exhibits dense
form of chromatin called
heterochromatin. Heterochromatin
is frequently found in telomeres, i.e.
at the ends of a chromosome and
centromeres. It is striking that
telomeres and centromeres are
mostly composed of repetitive
sequences and contain few protein
coding genes. In mamalian cells, 50
per cent of the genome are silenced
in a dense form of chromatin called
heterochromatic silencing. Thus,
heterochromatic regions of
chromosome affect accessibility of
the DNA, and consequently the rate
of transcription initiation.
Mammalian cells contain DNA
methylases that catalyzes the
methylation of DNA sequences. DNA
methylation by specific repressors
inhibit binding of proteins,
transcription machinery and
thus silence the transcription of
genes.

Gene regulation at transcriptional
elongation: Eucaryotic cells possess
numerous proteins for transcription
initiation and elongation of a
transcript. There are regulatory
sequences downstream of the
promoter. The gene regulatory
proteins bind downstream DNA
regulatory sequences and cause
pausing of RNA polymerase II soon
after transcription initiation. In
Drosophila, heat shock protein gene
HSP 70 is controlled by two gene
activator proteins — GAGA binding
factor and heat shock factor (HSF).
The transcription of HSP 70 gene is

(iii)
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initiated by recruiting transcription
factor by GAGA binding factor. But
the RNA polymerase stalls
elongating RNA transcript some 100
nucleotide pairs downstream of the
promoter in absence of the second
activator protein that is heat shock
factor (HSF). As the HSP 70 gene is
activated in response to heat shock,
the activator protein HSF binds to
specific sites on the promoter and
attracts kinase enzyme that
helps freeing the RNA polymerase II
from the stall to restore
transcription, hence elongation of
the transcript.

Regulation at RNA splicing: Eucarytic
genes contain coding sequence
(exons) and non-coding sequence
(introns). Thus, mRNA transcript of
eucaryotic genes retains both exons
and introns, though the number of
introns per gene varies with the
increasing complexity of the
organisms. The precursor mRNAs
can be spliced in many ways to give
rise to different mRNAs that encode
different proteins. The eucaryotic
cell can regulate the splicing works
by gene regulatory proteins called
splicing activator and splicing
repressor that bind to DNA site
overlapping the strong splice site on
DNA. When splicing repressor
occupies DNA site that overlaps the
strong splice site and excludes
splicing machinery and the actions
of proteins that regulate splicing,
it represses splicing. Enhancement
of splicing work occurs when
regulatory sequences called
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enhancers recognise splicing
activator proteins that attract
splicing machinery to the strong
splice site. Like transcriptional
activator, splicing activator
protein binds with precursor
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mRNA by its RNA binding
domain and interacts with splicing
proteins by its activation domain to
enhance the rate of splicing of
precursor mRNAs to produce
different.



Do Solids Expand on
Heating? A Case Study

(A non-traditional approach for teaching
science at secondary stage)
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HERE Is A general belief
T (misconception) that the solids
(all?) expand on heating. The fact
that the gases and almost all liquids,
expand on heating, lead to believe that
in solids too the operating mechanism is
similar. Since there is a class of solids
(namely crystals), which on providing
thermal energy almost always expand
but not necessarily each kind of solid, it
was felt during the interaction with
students and trainee teachers that a
comprehensive study could be conducted
to dispel the prevailing belief. This article
is an attempt to seek views of different
groups and consolidate it for the benefit
of a general scientific community.

Strategy

(a) To put forth the problem to a variety of
academia and learners. (b) To suggest how
a divergent view can emerge at first
thought, and (c) See how it corresponds to
the literature available.

I saw a pupil teacher demonstrating
an experiment regarding expansion of
solid on heating. This lesson pertained
to teaching of science at secondary
stage. The expansion that must have

occurred was not conspicuous to be
appreciated by the students. The
explanation provided by the pupil teacher
was not convincing. This gave me the
impulse to know the viewpoints of a good
number of prospective teachers, teacher
educators and finally the textual material
referring to this idea. All the persons
involved in the study were requested to
give their perception without consulting
any literature. The details of the study
are presented below.

Expert 1

Expansion of solids obviously means that
the equilibrium distance between
neighbouring atoms increases. Molecular
size increases with temperature. This
question is something like asking why
earth attracts any mass. This demands
to relate this happening to various
fundamental concepts, theories and
formulations. One such formulation is
the equivalent one-dimensional
potential between two bodies. That
potential function is asymmetric about
a certain minimum value. When system
has some kinetic energy it still has
negative total energy but it can exist
with two extreme positions having
same potential energy. We find that for
such a potential the equilibrium
distance increases with more and more
energy, which means more and more
temperature.

Expert 2

In the simplest possible manner the
answer could be the increment in inter-
molecular distances.



DO SOLIDS EXPAND ON
HEATING? A CASE STUDY

Expert 3

A solid expands on heating because the
space between intermolecular distances
increases.

Expert 4

They expand due to the energy gained
from the environment due to which the
molecules or the atoms in the solid get
permanently, or temporarily dislocated,
i.e. the distance between them is
widened.

Expert 5

The solids expand on heating because
the thermal energy transferred to their
molecules make them vibrate with
higher amplitude about their mean
position. As a result, the average
separation between the molecules of the
solid, increases which is observed in the
form of its expansion.

Prospective teacher 1

As we heat a solid, the arrangement of
atoms in it is changed. In solids these
atoms are placed very close to each other.
As we heat up they go away from each
other. So the solid expands on heating.
Let us compare it with blowing of the
balloon. As we blow air in the balloon
expands. The molecules of balloon
material are stretched and thus expand.
We can relate blowing to the heating in
the case of solids.

Prospective teacher 2

On heating molecules gain kinetic energy
and start moving randomly. Due to this
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cleavage of bonds takes place and the
space occupied by the solid increases.

Prospective teacher 3

We know that in solids the molecules are
packed closely. When heat energy is
provided to solids, this heat is transferred
to the molecules of the solid. The energy
thus gained by solid molecules increases
the velocity of the molecules, which in
turn expand the solid.

Prospective teacher 4

Solids have a packed lattice structure.
When solids are heated lattice vibrations
start inside it. Due to these lattice
vibrations, the atoms are transferred
from lower energy state to higher energy
level. Due to this gaps are created
between them, which leads to its
expansion.

Prospective teacher 5

On heating kinetic energy of molecules
present in the solid increases due to
which motion ensues in them. This leads
to moving apart of the molecules and
solid expand.

Literature citations
Book 1

University Physics (Young and Freedman,
Addison-Wesley, 1998, p465-466)

Most materials expand when their
temperature increase. Thermal
expansion can qualitatively be
understood on a molecular basis. Picture
the interatomic forces in a solid as
springs. Each atom vibrates about its
equilibrium position. When the
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temperature increases, the energy and
amplitude of the vibration also increase.
The interatomic spring forces are not
symmetric about the equilibrium
position; they usually behave like a
spring that is easier to stretch then to
compress. As a result, when the
amplitude of vibration increases, the
average distance between molecules also
increases. As the atoms get farther apart,
every dimension increases.

Book 2

Oddities of Heat (H. Mckay, Oxford
University Press, 1958, p22)

When we heat an object we set its
molecules oscillating more rapidly and
more violently; the more energetic
molecules force one another apart, and
so increase the size of the object.

Book 3

A Textbook of Heat (J.B. Rajam, revised
by C.L. Arora, S. Chand & Co, 1974, P35)

In most cases the size of matter
increases with rise of temperature. The
thermal expansion is the most common
effect of heat. The extent of expansion
depends on whether the solid is isotropic
or anisotropic. The expansion of crystal
is different in different directions.

Book 4

A Textbook of Heat (Allen and Maxwell,
McMillan & Co Limited, 1962, p71)

It is well-known that in general solid
bodies increase in their dimensions as
their temperature rises. Many materials
break when their temperature is
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suddenly changed, because internal
forces are set up due to expansion.
Certain other properties like density,
moment of inertia and elasticity
also undergo changes with rise in
temperature.

Book 5

Heat (R.C. Brown, Longmans, Green & Co.,
1958, p307)

Thermal expansion is related to atomic
structure of matter. The distances
between the atoms are found to
vary when the substance is heated.
X-ray measurements of distance
between atoms show that abrupt changes
in some solids at some definite
temperature are caused by sudden
re-arrangement in relative positions of
the atoms.

Other Experiences

Before concluding here are some more
experiences pooled to investigate the idea
further:

1. Solids are essentially of two kinds —
(a) crystalline, and (b) amorphous.
(@) Crystalline solids are generally
very compact, hard, and impervious.
(b) Amorphous solids can be loosely
packed as well as compact. Loosely
packed amorphous solids have lots
of voids and usually the distance
between constituent units is quite
large. Such solids undergo
compression (inelastic) when
pressed. Chalk and wood are best
examples of these solids. Wetting
these does reduce the gluing forces
between the particles.
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2. Apart from those two categories, an
example of another kind of solids is
glass, which are essentially super
cooled liquids and hence are
impervious and compact.

Investigatory Activities
Activity 1

Effect of Temperature on different
categories of solids

Category A: Solids with voids (like fresh
wood, wet soil), on heating become lighter
because of water/organic material/ air
in the voids make their way out.

Heat solids to investigate what kind
of material could be in their voids.
Choose appropriate method giving
reasons for your choice.

1. Heating directly over a flame
2. Heating/roasting in a container

3. Heating by radiation/distant
heating

4. Heating by hot draught of air
5.  Any other method - list it out

Heating of solids can be done in the
open or in a closed container, the latter
being in the presence of limited supply
of oxygen. Investigate and reason out the
differences, if any, observed in the two
types of heating for 50 gram of sugar.

If you want to try to heat a substance
of your choice, answer following question
before undertaking the job.

(i) What is this solid? (Name)

(i) Appearance? (Colour, Texture,
Class, Smell, hardness)

(iii) What is its mass?
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(iv) Is it inflammable, that is, will it
catch fire?

(v) What you expect to happen by
heating it?

(vi) How do you propose to heat it and
why?

Include in your observation answer
to the question as to how the solid
behaved during heating? Also note your
observations about the solid when
heating is over. List out the factors that
might limit the increase in temperature
in spite of continuous heating.

Does the solid selected by you

expand/contract in size on heating?
What can be the reason?
Category B: Heating of organic solids
including organic matter of living/dead
animals and vegetation may result
in decomposition, disintegration,
evaporation of some of their water
content, vaporisation of low boiling point
organic material or even their melting.

How do these react to heat? Do they
expand on heating? Is the observation
in conflict with our expectation?

Let us hypothesise and verify the
following:

Hypothesis 1

Bonds between molecules weaken on
heating. If so the substance might expand
and on applying small pressure or force,
its shape may undergo a change.

Activity 2

Hang a small weight at one end of a
rubber strip or band and take a burning
candle near it. Does your observation
support above hypothesis?
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Activity 3

Burn a piece of plastic. Write your
observations. Does your observation
support the above hypothesis?

Activity 4

Burn a leaf over a flame. Take similar
leaves and heat each one in a different
manner and record your observations in
each case.

If hypothesis were true, do your
observations indicate that solid has
become soft and/or brittle? Can a
contraction, if any, be explained on the
basis of weakening of bonds?

Hypothesis 2

Bonding between particulates in a solid,
which is due to some gluing substance
like water, vanish on heating. If it were
so, the substance must become brittle
(or powdery) on heating. We know
substances, which undergo such
transition (hydrated copper and iron
sulphate). But, does this also hold true
for wood or earthenware? Look for
substances under above two categories.
Do you know or have observed any other
change/event taking place on heating?
Why should some substances become
hard on heating? (There are processes
which try to stabilize the structure of the
material like annealing, work hardening,
quenching, etc. one can refer to them for
more insight).

Hypothesis 3

Substances undergo irreversible change on
heating

Heating of organic substances (in the
presence or absence of air) may result
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in irreversible change. Take a sample
and verify the hypothesis. The chemical
change occurring in air may be different
from the one when heated in the absence
of air. Find the difference. If it were due
only to escaping of water from substance
should it be irreversible. Design an
experiment to claim that some other
volatile substances are always present
in organic matter.

Category C: Ionic and solids of refractory
material: Substances that do not
appreciably expand on heating.

Substances made from carbon or
clay and their admixture have low
thermal expansion coefficient of the
order of 105 C or less. Accordingly, a
metre long piece of such a substance
may expand by less than 0.3 mm if it is
heated 30 C, which is not conspicuous.
The effect of such expansions may
not be annoying unless these are
heated through a few hundred degree
Celsius.

If such substance contains organic
matter, however, the contraction due to
evaporation of volatile material and
change of chemical composition may be
quite substantial. Effectively the
substances appear to contract on
heating.

Validation of Hypothesis

To verify or contradict all or some of the
hypotheses proposed above, undertake
following (or of similar nature) activities
and reflect on observations.

1. Placea lem 20 cm paper strip on
a hot plate. After appropriate
heating find its new length.



DO SOLIDS EXPAND ON
HEATING? A CASE STUDY

2. Take 1m length of a fresh piece of
cane and heat it up to certain
temperature and find new length.

3. Experiment heating with leaf, gram,
and piece of cotton and silk.

4. Heat a piece each of thermocol, a
fruit, and a hair.

Catagory D: Refractory (non-volatile)
compact solids having small coefficient
of thermal expansion.

When a substance is heated,
thermal energy is absorbed and a part
of it is used in doing work (such as
change of state, affecting chemical and
structural changes, etc.)

In non-volatile compact solids,
moderate heat supplied is almost
absorbed in the form of internal energy.
Internal energy is essentially energy of
atomic vibration. Increase in energy entails
increase in the amplitude of vibration.

Discussion on what we have learnt in
light of relevant theory

How do we define the size of a physical
entity? A simple answer being the space
over which its influence can be felt and
if another body happens to encroach
upon a part of this space there occurs
an interaction among the two. More
technically it is the space in which on
an average the entity is traced.

The size of a body is thus an
indication that normally the body would
not allow any other occupation by any
other kind of material.

Exploring further

Let us concretize the idea (remember
atomic/molecular size is quantum
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phenomena). Find the space a still fan
occupies. Is it same when it rotates?
Hint: intrude in the space, which was
available in first case.

Cite a few more examples where you
can distinctly show that moving/
rotating/vibrating objects occupy more
space.

Can you transfer this knowledge to
atomic vibrators? In compact solids, the
vibration amplitude increases with
temperature (but not too much due to
several constraining forces). Find form
the literature what is the relation
between temperature and amplitude of
atomic vibrations.

Now reflect on general expansion of
solid due to increased amplitude of
atomic vibrations? Search for an
explanation similar to that given below.

1. Liquid in a mixer jar seems to
occupy larger volume when it is
being churned.

2. Abox full of marble on shaking does
not allow individual marbles to move
freely. Partly empty box on the other
hand allows more space for marbles
to move on shaking.

Thus, a more realistic explanation
must be there to account for the increase
in effective size of atoms with
temperature as is also evident from
potential energy diagram explanation,
which is beyond scope of this level of
study.

Conclusion

It appears from above discussion that it
is only a myth that all the solids expand
on heating. Though this statement is
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generally true in most of the cases, yet
strictly speaking it is so only in the case
of certain category of solids, which are,
structurally favoured.

Thermal expansion is quite
conspicuous in crystalline/metallic
solids. The other class of solids expands
only marginally if they are not from
category A and category B. This case study
thus conveys the idea that in adapting
certain teaching strategy, at times it is
advantageous if the teacher tries to see
the perception held by the students for
the concept involved, particularly when
the teaching concept is abstract in
nature. The benefit of such an approach
is that it becomes a reflective motivated
technique and also the teacher is able to
explore mental frameworks of the pupils.
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Evaluation

Construct knowledge based on
observations and inferences drawn on
heating of a solid answering.

(a) Do all solids expand on heating?

(b) Ice and type metal contract on
heating, why?

() Some solids become lighter on
heating, why?

(d) Should non-volatile solids become
heavier on heating?

() Why is seasoning of wood
important?

Frame few more questions that can
form the basis of activities taken with the
resources available at the working place
or in the surroundings.



Enhancing Environmental
Education — Awareness of
the School Students by the
use of various Models of
Teaching

SuniLA BHALLA
Research Scholar, DAV College of
Education, Guru Nanak Dev Univeristy
Amritsar, C/o Deshmesh Mehar, Una
Road, New Gautam Nagar, Hoshiarpur
E education as a compulsory
component of curriculum at
school level is a welcome step. India, a
developing country, can restore
environmental and natural processes by
proper awareness on such issues among
its citizens. It is a new field and not much
canvassing is being done by the public
media. Teaching of Environmental
Education is the most burning problem
of the country; for this the role of teacher
and his/her methodology of teaching is
crucial. Teachers quantum of knowledge
and understanding of environment is
directly related with the objectives and
problems of environmental education.
Since the need of hour is environ-
mentally oriented citizens, the teachers
being the national builders have the
responsibility to produce such conscious
citizens. If we want to secure the future
of our environment; we have to create
awareness about the environment and
an attitude for caring and sharing of
natural resources among children who

MERGENCE of environmental

are the future citizen of our nation as
rightly said by Pandit Jawaharlal Nehru,
the first Prime Minister of Independent
India that “Future of India is shaped in
her classrooms” where students are the
foundations and teachers are the pillars
of development.

One important purpose of education
is to provide an understanding of the
world environment from Physical,
Biological, Social, Economical, and
Political point of view. This
understanding also requires the study
of the innumerable problems which the
mankind faces today. An understanding
of environmental problems can be
developed by first creating an awareness
then developing appropriate solution for
the environment. These problems have
resulted in a global effort to include
aspects of environmental education in
school curriculum at all levels in an
appropriate manner. However, the
objective of environmental education
cannot be realised simply by infusing
environmental concepts into the existing
curriculum. The effective infusion of
environmental education curriculum into
school programmes is possible only when
teachers possess the knowledge, skills
and effective attributes which they will
impart to the students. The teachers
should use proper methods to transfer
knowledge and skills to pupils.

In spite of international efforts, the
progress of environmental education in
the world scene does not present a very
satisfying picture. It seems that
environmental education has been more
accepted than actuated particularly in
developing countries.
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Some difficulties with in educational
systems have hindered the progress of
environmental education in school are
the shortage of committed educational
planners, properly oriented curriculum
developers and expert teachers to use
new method of teaching.

The UN Conference on Human
Environment (Stockholm 1972) was one
of the first initiatives taken at the
international level to discuss
environmental issues. Global framework
entitled Belgrade charter was framed in
October 1975. Intergovernmental
Conference on Environmental Education
was held in Tiblisi, Georgia (1977). Soon
after this Conference, Government of
India incorporated environmental
concerns in the Constitution by 4200
amendment in 1976. Apart from this,
Parliament and State Legislators passed
various acts to protect the environment
from time to time. Some other
programmes like Man and Biosphere
programme (MAB), Inter Biological
Programme (IBP), United Nation
Environment Protection (UNEP)
Programmes, etc., unitedly they all work
for a common mission and that is
Sustainable Environment Development.

In spite of all these efforts, it has been
felt that pupils are not much aware about
their own environment, its problems and
plausible solutions, for its improvement.
School is considered to be one of the most
important agencies of environment
education. If environmental education is
imparted to the major group (42% of total
population) comprising children up to 14
years of age, it will be highly beneficial
to the society for environment protection
and conservation. Hence, there is an
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urgent need to have a comprehensive
environment education programme for
children in elementary schools. No doubt
that through environmental education
concerns introduced in schools at
present, awareness about the
environment is increasing, however,
awareness that does not lead to action
has no social relevance. So what we
need today is an action-oriented
environmental education in schools.
Environmental education means
awareness about environment as well
its implications on other living beings
and non-living objects that are essential
to maintain balance in nature. The main
objective of environmental education
should be to develop a world population,
that is not only awareness of the
environment and its problems but also
conscious of its duties and
responsibilities towards it. Its aim should
be to develop knowledge, skills, attitudes,
motivations, commitment to work
individually and collectively towards
solution of current environmental
problems and prevention of new ones.
The importance of sensitising students
on the environmental issue has led
Honorable Supreme Court of India to
deliver a judgement on 18th December
2003 and direct National Council of
Educational Research and Training to
prepare a model syllabus for
environmental education in different
classes; which has been prepared
under the title “Environmental
Education in Schools”, June 2004 by
NCERT. From the academic session
2004-05, Environment Education has
been introduced at all levels in the school
curriculum.



ENHANCING ENVIRONMENTAL EDUCATION - AWARENESS OF THE 49
SCHOOL STUDENTS BY THE USE OF VARIOUS MODELS OF TEACHING

Many educationists and researchers
have analysed curriculum at school level
from time to time with a view to assess
the extent to which environment and
environment related issues and
concerns have been introduced.
Childlress (1976), Rajput (1988), Kidwai
(1991), Gakhar and Kalra (1992); Gopal
Krishan (1992), Swain and Das (1994),
Toli (1996), Janak Vali and Gopal Krishan
(1998), Nasrin, Jackson (2001), Khan
(2001) and Ayodeji (2002) are some of the
educationists who have worked on this
aspect. Almost all of them have stressed
upon the introduction of environmental
education programmes at different levels.
A few of them have also stressed upon
the instructional strategies and new
approached of teaching to be followed to
make this subject interesting and
successful to bring positive results for the
future of the country. Rane (1989) have
tried to know the perceptions of the
officials of the education department and
found that teachers of different levels
had a favourbale opinion towards using
new approaches of environmental
studies along with traditional methods
of teaching.

Teaching of environmental education
is undertaken with the objective to bring
behavioural changes in learners. All
learners do not possess homogenous
personalities and learning styles. The
heterogeneity in learners requires
different strategies for teaching-learning
process. Generally, the necessity of
different strategies and method of
teaching is further strengthened due to
division of knowledge into various
disciplines and subjects, which cannot
be taught and learned effectively through

a single method. Each subject can be
taught meaningfully by selecting an
appropriate method of teaching out of
available variety. In recent past many
investigators have researched to find
effective methods of teaching. The latest
introduction of environment in school
curriculum has brought a new revolution
in the present education system. The
teacher should be able to discharge the
role of green educator in today’s scenario
to spread the message to everybody
especially to the elementary school
students, exposing them to the present
scenario of the environment and
sensitizing them to preserve it for the
future. In the last decade some important
theories of teaching and models of
teaching have evolved. Yet these models
are at different stages of development
from formal and traditional to casual and
emergent. All these models are specific
objective-oriented.

Models of Teaching

Some of the new models of teaching that
have been developed in recent past are
specific objective-oriented. The work of
Bruce Joyce and Marsha Weil have
transformed different theories into
models of teaching which can be easily
used by teachers for classroom teaching
in schools. These models are based on
dependable theories of teaching
established only during the last decades
or so. Amodel of teaching is a pattern or
plan to shape a curriculum or course of
study to select instructional material and
to guide the teacher’s activities in the
classroom. These models are sketches of
the inter-relationship between various
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teaching and learning conditions.
Theories of teaching and models of
teaching are very closely related with one
another but are different from one
another. These models are prototypes of
theories of teaching. The models could
be conceived as buildings whereas
theories are construction plans. A theory
gives the explanation of interaction
among actual variables while a model
provides an analogy to the pattern of
interaction.

Generally, a model of teaching
consists of six elements termed as
fundamental elements, namely focus,
syntax, principle of reaction, social
system, support system and evaluation
system. At present there exists a variety
of models of teaching which are based
on theories of learning and teaching
developed in various fields. These Models
have been labelled under four families
by Marsha Weil and Bruce Joyce (1985)
on the basis of chief emphasis on each
model. In each family there is a group of
models.

As concept-learning in environment
education forms a component of the
study. So explaining the term concept
learning is essential in the study.
Concept learning is a composite term
consisting two parts — concept and
learning. In brief, concept is a critical
component of an individual’s cognitive
structure; concepts are the building
blocks for the structure of knowledge
about the environment. Learning is a
transactional process. An individual
organises whatever he receives by the
way of information from whatever source.
According to current conceptual system,
the learning of concepts is of utmost
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important for elementary school students
as they learn and communicate with the
help of ‘concepts’. The acquisition of
knowledge is possible only through
concept learning because knowledge is
a chain of concepts. In the age of science
and technology, environmental
knowledge and awareness are essential
to lead a balanced life. This can be
achieved by learning concepts in
environmental education.

An awareness recently has emerged
in educational field to evaluate the
efficiency of different models of learning
and teaching in the field of
environmental education. So that most
fruitful could be adopted that is why the
researcher has experimented to study
the effect of models of teaching on
environmental education. In the present
study only three models have been
considered, which are:

1. Concept Attainment Model of
Teaching (CAM)

2. Inquiry Training Model of Teaching
(IT™)

3. Traditional Model of Teaching
(Conventional Model of Teaching)

Concept Attainment Model of
Teaching

J.S. Bruner (1956) has developed this
teaching model. In this model, the teacher
enables the students to describe
similarities and relationship among
things of the environment. The model
emerged out of the study of thinking
process in human beings.

It is based on the assumption that
environment is full of diverse things and
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it would have been impossible to adjust
in it if human beings had not the capacity
to discriminate and to categories things
in groups. This classification helps the
humankind in many ways.

The first concept attainment model
is concept attainment under reception
condition. A second variation of the
model is the concept attainment game
under selection conditions and the third
variation is the analysis of the concepts
in unorganised data. The reception
model is more direct in teaching students
the elements of a concept and then use
them in concept attainment. The
selection model permits students to apply
this awareness of conceptual activity
more actively by using their own
initiation and control. The third variation
of this model transfers concept theory
and attainment activity to a real life
setting using unorganised data. In the
present study only concept attainment
model under reception condition has
been used. According to Bruner (1956)
any concept has five elements: (i) Name,
(i) Examples — positive and negative,
(iii) Attributes — essential, and non-
essential, (iv) Attribute values and (v)
Rule; understanding a concept means
knowing all the elements of the concept.
This model has three phases. Phase one
deal with presentation of data and
identification of concept. Phase two
describes the test attainment of the
concept and phase three involves
analysis of thinking strategies.

Inquiry Training Model of Teaching

This model has been designed by J.
Richard Suchman in 1962. He developed

this model by analysing method employed
by creative research personnel especially
physical scientists. He identified the
elements of inquiry process and built
them into instructional model known as
Inquiry Training Model of Teaching. It
implies both types of reasoning -
inductive as well as deductive. The
students are active participants in the
procedure of finding a solution. This
model is based on the assumptions:
(i) Children are basically curious and
eager to learn things; (ii) They learn
better when they actively participate;
(iii) Self-learning can be enhanced if the
students are helped and trained into
a scientific process of inquiry;
(iv) Cooperational inquiry enriches
thinking and helps the students to learn
about tentative and emergent nature of
knowledge and to appreciate alternative
explanations. The inquiry training
models has five phases. Phase one
encounters with the problem. It explains
procedure and presentation of events.
Phase two deals with gathering of data.
It verifies the nature of objects
conditions, and occurrence of problem
situations. Phase three involves
experimentation. Phase four formulate
rules and explanations. Phase five deals
with analysis of inquiry process leading
to more strategies. The principle of the
model is that the teacher helps the
students to inquire and discuss. The
teacher should support student’s ideas
in solving the problem. This model has
been developed specially to teach
young children to improve their
scientific strategies of inquiry for
creating thinking.
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Conventional Model of Teaching
(Traditional Model of Teaching)

In this model the teacher is at the centre
of the classroom activities performed in
the teaching-learning process. The
teacher presents the entire content of
the learning. The student plays the role
of passive listener only. In this model
usually

(i) Teachers do not pre-plan their
lessons.

(i) Objectives are not related to
behaviour terms.

(iii) Stepwise evaluation of knowledge

attainment by the students is not

undertaken during teaching.

In the present study this approach
has been adopted with certain
modifications. Here the teacher plays a
pivotal role in the teaching-learning
process in the classroom. Lesson plans
were prepared before hand. Objectives of
the lesson in behaviour terms were
incorporated in the plan. The teacher
attempted to evaluate the attainment of
the knowledge by the students at
different stages of the lesson.

Objectives of the Study

The present research study was
undertaken with the following objectives
in mind:

1. To provide every student with
opportunities to acquire the
knowledge about the environment,
its protection and improvement.

2. To observe and create new patterns
of behaviour in the society for better
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adjustment according to the
environmental needs.

3. To foster a clear concept about
economic, social, political and
ecological areas of environment.

4. To help the individual to acquire
skills for identifying and solving
environmental problems.

5. To develop scientific attitude,
motivation and creativity towards
environment protection.

6. To compare and study the effects of
Concept Attainment Model, Inquiry
Training Model and Traditional Model
of Teaching on Environmental
awareness of students of Classes
VI-VIIL

Design: Sample and Tools of Study

The design of present study is 33 3
block factorial design. The study comes
under the experimental method of
research. In this study control group Pre-
test — Post-test design was followed. The
three goups of the subjects were drawn
from the girl students studying in
Classes VI-VIII. Each group had 40
subjects. Two groups were treated as
experimental groups and the third group
as control group. One of the two
experimental groups was taught the
environment related topics by Concept
Attainment Model while the second group
was taught by Inquiry Training Model. The
third group, that is the control group,
was taught by Conventional Model
(Traditional Model). The topics were
selected from three subjects only, i.e.
General Science, Social Studies and
English Language. The selected topics
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were concerned with the environment
directly or indirectly.

The Sample

Since it was not possible for an individual
investigator to conduct study on all
grade levels of elementary section only
upper elementary, i.e. Classes VI-VIII
were considered. All the students were
divided into three sections for each class.
These sections were renamed as
Experimental Group A; Experimental
Group B and Section C as Control Group.
Assuming that the strength of the
samples at the terminal stage may
reduce; more than 40 students in each
section were considered. This was a
precautionary step taken as the chances
of sample death and absentism in the
class is always there as this normally
happens in government schools. The
environment awareness achievements
tests were constructed by the teacher
herself The statement of the questions
were in two languages that is English
and Punjabi. This was done as some of
the students were from rural areas. So
use of local language was allowed
according to the subjects choice.

Tools
The following tools were used for the study.
Lesson Plans

The investigator managed the
preparations of the lesson plans in
collaboration with the science teachers,
language experts and social science
subject experts following the lesson plan
guidelines as developed by Bruce and
Weil (1985). Before the preparing the

lesson plans syllabus and contents were
thoroughly analysed by reading several
books of each class on General Science,
Social Studies and English language.
The different type of lesson plans were
prepared by using Concept Attainment
Model, Inquiry Training Model, and
Traditional Model of Teaching.

Criterion Test (Environment
Awareness Achievement Test)

To evaluate the initial and terminal
environment awareness of the subjects
in General Science, Social Studies and
languages the achievement test prepared
by the English teacher were considered.
Each test was divided into three sections,
Section 1 for General Science, Section II
for English language and Section III for
Social Studies. Each section carried 30
marks.

Environmental Activity

Environmental activity was done by the
students to have direct experience of the
environment in the real life under the
supervision of teacher. This activity
carried 10 marks.

Procedure of Data Collection

After giving treatment to the subjects,
the answer sheets for the environment
awareness achievement test were
collected. The data of the study was
collected in two stage — in the first stage
data of initial behaviour were ‘collected
through environmental awareness (pre-
test) before the treatment. In the second
stage after the termination of the
treatment, The data of terminal
behaviour of the sample was again
collected through environmental
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awareness achievement test (post-test).
Scoring was done and data was collected.
Means and standard deviations were
calculated for three classes. Data was
analysed to see the effect of experimental
Models of teaching on environmental
awareness of the students of Classes
VI-VIIL.

Results and Findings

Analysis of data revealed that per test
scores of three classes did not differ much
significantly in environmental awareness
of initial behaviour among the three
groups of the samples.

Observation of data of Class VI
indicated that most significant change
in environmental awareness comes
through Inquiry Training Model. The
second higher change comes by teaching
the student in Traditional Model. The
student taught by concept attainment
were least effected. Similarly, in case of
Class VII students the Inquiry Training
Model found to be the most effective,
followed by Concept Attainment Model
and least effective was traditional model.
In case of Class VIII students Concept
Attainment Model has affected student
the most. After that Inquiry Training
Model of teaching was found helpful in
increasing the environment awareness
while the Traditional Model was at the
last place. Thus, we can say that

1. The three models of teaching have
affected the students significantly
regarding environmental aware-
ness. The inquiry training model
has effected the students most.
Followed by the concept attainment
model and the traditional model.
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2. The effectiveness regarding
environmental awareness through
three subjects namely; General
Science, English, and Social Studies
is significant at the elementary
level. General Science has been the
most effective, then comes language
while Social Study occupied the
third place.

3. On comparing the environment
awareness of three classes, the final
F-value comes out 3.4 which
is significant at .05 level of
significance indicating that there is
significance difference in
environmental awareness of
students in Classes VI-VIII.

Conclusions

In the light of the above findings, it is
concluded that inquiry training model of
teaching has effected the students most,
after that concept attainment model has
its place in increasing the environment
awareness of students at elementary
stage of schooling. The students taught
by traditional model have not shown any
significant gain regarding environment
awareness.

Educational Implications

Environment education is broad based
and is strongly related with basic
principles of general education. The
various models of teaching environ-
mental education have been useful in
improving the quality of education
through different subjects in different
classes specially at elementary level.
Environmental education helps to
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produce citizens who are environ-
mentally knowledgeable and skilled. It
leads them towards maintaining a
dynamic equilibrium between quality of
life and the quality of the environment.

Suggestions for further studies

1.

The present study is limited to
students studying in Classes VI-VIII.
Similar studies can be conducted
for students after secondary and
senior secondary stage.

A similar study can be conducted
to compare the environment aware-
ness of rural and urban students.

Present study has been conducted
by using only three models of
teaching. Similar studies can be
undertaken by using many other
models of teaching.

The present study is confined only
to the students. Similar studies can
be extended to compare environ-
ment awareness of teachers of
different schools.

Studies can be conducted to find
out the effectiveness of various
models of teaching in different
subjects, in different schools and
across different districts.
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Introduction
HsicisTs have devoted their
P attention to know how the
students construct their
knowledge pertaining to a phenomenon/
concept. It is established that students
enter their physics courses possessing
strong notions, beliefs and intuitions.
These notions are derived possibly from
personal experiences and influence
students’ interpretations of the subject
matter. During the last few decades,
there has been much interest in the
study of exploration of misconceptions of
physics among students. Such studies
are especially of importance from the
viewpoint of planning teaching strategy
to help students to make them think in
a scientific way. Identification of the
proper strategy is necesary for teacher
educators for effective designing of
teaching and training programmes.

The Problem

The most significant single factor
influencing learning is what the students
already know about a particular
phenomenon/concept (Ausubel, 1968)
and how to know the degree of

acquaintance of the phenomenon/
concept of the students? How to unfold
to their thought patterns and mental
maps? What are the indispensable states
of affairs under which students are
ready to accept the conventional
concepts taught by their teachers in the
classrooms? These are a few pertinent
and pondering questions regarding
students’ learning about a particular
phenomenon/concept. Concepts of
mechanics are very fundamental in basic
physics and their applications are
distinctly perceptible in dynamics,
gravitation and other branches of
physics. One begins experiencing
applications of concepts of mechanics
from an early age in life. Sttudents of
science begin formal learning about
mechanics from secondary level yet
conceptual clarity eludes many for a
quite long time.

Mechanics Baseline Test (MBT)
developed originally by Hestenes and
Wells (1992) is a multiple-choice test,
used as an assessment tool at every level
of physics course. Present investigations
were carried out on different groups of
students and teachers with the following
objectives:

e To identify the misconceptions of
the students relating to mechanics,

e To locate the origin of the
misconceptions, and

. To suggest ways and means for
eradicating the misconceptions.

Students’ Ideas about understanding
the concepts of mechanics

Exploration of misconcepts of physics
among students of various levels has
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been of much interest during the last few
decades [Saxena (1988), Driver and
Easlay (1978), Gilbert and Watts (1983),
Saxena (1995), Palmer (1997), Hake
(2001), Savinainen and Scott (2002),
Sharma et al. (2003), Jain et al. (2003),
Sharma et al. (2004), Bark (2004),
Jadhao and Parida (2005), Sharma
(2005), Carvalho and Sousa (2005),
Sharma (2006), Sharma (2007) and
Sharma et al. (2007)]. There are a large
number of misconceptions prevailing
among physics students regarding the
concepts of mechanics despite continual
education in physics for a number of
years [Carvalho and Sousa (2005),
Sharma (2005), Sharma (2006) and
Sharma (2007)]. It is, therefore, necesary
to determine such alternative
frameworks before starting any teaching-
learning process pertaining to basic
conceptual dimensions of mechanics.
Keeping aforesaid in view, a questionaire
(MBT) of Hestenes and Wells (1992)
(Appendix A) was taken as a standard
tool and administered over a number of
groups of students. These groups had
students of Senior Secondary (+2 level)
stage, Ist year of B.Sc.B.Ed., IInd year of
B.Sc.B.Ed., llIrd year of B.Sc.B.Ed., [Vth
year of B.Sc.B.Ed. course; one/two year
of B.Ed. course, and Post-graduate
teachers of physics. Each student
involved in the study was asked to
perform four experimental activities (No.
1 to 4) related to the basic conceptual
dimensions of mechanics.

Tool and Sample

. MBT (Hestenes and Wells, 1992) is
a tool in a questionnaire format

(Appendix A) which has a total
number of 26 questions related to
the basic conceptual dimensions
viz. kinematics (linear motion,
constant acceleration, average
acceleration, displacement,
tangenital acceleration and normal
acceleration), general principles
(first, second and third law of
motion, superposition principle,
work-energy, energy conservation
impulse — momentum and
momentum conservation) and
specific forces (gravitation including
and frictional force) of mechanics.
Each question of MBT is multiple-
choice type having five options, out
of which only one is correct while
remaining four are having
suspected misconceptions.

The tool (MBT) was administered at
random amongst different groups of
students at different centres having
well-equipped laboratory facilities
and qualified teaching staff for
teaching of physics. Students were
asked to mark correct options and
also to write their reasons for opting
for a particular answer from given
options. For comparison, test was
also administered on a group of
postgraduate teachers who were
participating in a physics refresher
course at Regional Institute of
Education, Ajmer. Details of sample
are listed below:

At the next stage of the study, four
experimental activities (I to 4,
based on aforesaid conceptual
dimensions of mechanics, designed
to test application skills in the real
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S.No. Type Size Level

1. Class XII students (+2 level) 83 Plus Two (+2)

2. B.Sc. B.Ed. 1 year students 20 Under Graduate (U.G.)

3. B.Sc. B.Ed. Il year students 25 Under Graduate (U.G.)

4. B.Sc. B.Ed. IIl year students 25 Under Graduate (U.G.)

5. B.Sc. B.Ed. IV year students 26 Under Graduate (U.G.)

6. B.Ed. I/1I year students 23 Graduate (G)

7. M.Sc. students 30 Post Graduate (P.G.)

8. Teachers 41 Post Graduate Teachers of
Physics (PGT)

situations were performed. The aluminimum channel was bent in

Randomly selected groups of
students were asked to identify
specific concept involved in a
particular activity. They were also
asked to write the reasons for
choosing the concept identified by
them in a given activity.

Activity 1was related with the concept of
linear motion. Students were expected to
investigate the concept of linear motion
with constant acceleration, constant
velocity, displacement and type of
motion. An aluminium channel 3.0 m
long (with half of its length inclined at
an angle with the table top and
remaining half kept parallel to the table
top) two steel balls of different diameters,
a scale and a stopwatch were provided
to the students to measure
displacements and time.

Activity 2was related with the concept of
motion and conservation of energy. In
this activity students were provided with
five balls of identical diameter but of
different materials (viz. steel,
aluminimum, wooden, brass and copper),
an aluminium channel of length 2 m.

‘V’ shape. Students were expected to
investigate the motion of different balls
along the channel keeping in mind
energy conservation aspect. A scale
and a stopwatch were also given to
measure displacement and time
respectively.

Activity 3 was related with the general
principles (first law, second law and third
law) of mechanics. Students were
provided dynamic wooden cart, different
weights, two glass blocks, a wooden block,
a spring balance, thread and a smooth
wooden surface of a tabletop. They were
asked to investigate the concepts related
with first law, second law and third law
of motion.

Activity 4 was related with the motion
and specific force, i.e. frictional force.
Students were provided four steel objects
of different geometrical shapes (prism
shaped, cuboid, spherical and
cylindrical) and an inclined plane, a
stopwatch, a smooth surface of tabletop
and a scale. They were asked to measure
the time taken by objects to slide from
the tope of the inclined plane and finally
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draw the inference about specific force
influencing their motion.

o  After performing aforesaid activities
(1 to 4) students were interviewed
by asking structured and cross-
questions. The interviews were
recorded both in audio and vedio
mode. They were also asked to write
the reasons for the specific concept
they have identified for a particular
activity. Interview was conducted
with the above selected groups of
students in a friendly atmosphere
to supplement the results of written
test.

e After transcription the recorded
versions of the interviews were
analysed. Answers of the written
test and interviews were co-related
to draw the inferences.

Analysis of the Responses

Response to each question of MBT was
analysed and discussed in order to
understand the reasons for the options
favoured by the students. Table 1 gives
the analysis of responses related to
conceptual dimensions of mechanics for
a particular question. During the
analysis of responses no separate
account was kept for male and female
students.

Misconceptions were identified on the
basis of responses given by the students
and teachers. For this reason, attention
was paid primarily to the wrong options
(responses) rather than to the correct
responses. Un-responded questions were
considered as wrong responses in order
to calculate the percentages of correct

and wrong responses. The following
conclusions can be broadly drawn.

e All the students responded to
almost all the questions. However,
902 options were left un-responded
out of total responses 7,122. In
some cases there were very few
correct responses e.g., question
numbers 2, 3, 5, 9, 10, 11, 12, 16-
20, 23, 24 and 26 (Table 1). Out of
total responses, 2,134 were correct
whereas number of overall wrong
responses were 4,086. Overall
percentage of un-responded,
correctly responded and wrongly
responded options is 12.7, 30 and
57.3 respectively.

o Teachers have responded question
numbers 5, 12, 15 and 18 poorly
whereas question numbers 3, 5, 19,
21 and 23 were responded poorly by
the students.

e  More than 50 per cent students and
teachers answered question
numbers 4, 6, 7, 8, 20 and 22
correctly.

e Overall average for correct
response, wrong responses and un-
responded responses is 7, 8, 15 and
34 respectively.

e In most of the cases responses
opted by the students are not much
different from the teachers.

e  Careful analysis of responses given
by the students and teachers
clearly reveals the existence of
misconception regarding the
concepts of mechanics. It may also
be pointed out that most of the
incorrect responses indicate the
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eixstence of alternative frames in
the minds of students at all levels
(+2, UG, G and PG) which also hold
good for the teachers.

Students’ frameworks

In order to identify students’ alternative
frameworks students were interviewed
and were also asked to write reasons for
opting the particular option for a given
question. Analysis of responses obtained
through interviews and reasonings
indicate the following frameworks
(Perception) of students for different
ideas/concepts pertaining to mechanics:

Students recognise the branch of
physics which deals with motion and
forces producing motion as:

. kinematics

. mechanics

. dynamics

Students recognise mechanics as:

. The study of motion that deals
with force

—md
F=mg
. Study of

acceleration.

velocity and

Students recognise unidirectional
motion in straight line as linear
motion.
Students recognise motion on inclined
surtace or curved path as curvilinear
motion.

Normal acceleration
. is rate of change of velocity.

. is applied at a point where force
is maximum.

SCHOOL SCIENCE

. acts along normal direction.

. acts perpendicular to the
surface of the body.

Tangential acceleration

. is the result of centripetal-
acceleration.

. is the weight of body along the
surface of the body.

. acts on the objects which are
moving on the inclined planes.

. acts on the bodies which move
on circular path.

. act along tangent to the
particular point.

Students recognise force as pull or
push

Force causes displacement, velocity
and acceleration

Force is always greater than the
inertia of the body (pulley)

Constant force results in
. constant velocity.

. uniform velocity.

. accelerated motion.

Presence of force is necesary for

motion

. no force no motion.

. force is compulsory for motion
even if a body is at rest, force exists.

Moving bodies do work

. no work no motion.

. moving body causes displa-
cement thus work is done.

. W =force displacement.

Acceleration acts always in the

direction of displacement and

velocity
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Greater mass have greater
momentum and impulse.

Centriperal force acts inward from the
radius vector.

Direction of force is always in the
direction of velocity.

Motion is due to frictional force. It
always workd opposite to the motion.

Frictional force depends on shape,
size, mass and area of contact.

Rolling friction depends on the
weight, and surface of contact, shape
and size.

Sliding friction is always more than
rolling friction.

Frictionless surface has no change in
velocity.

Heavier body (ball) takes lesser time
to cover a distance as its acceleration
is greater.

Energy remains conserved during
oscillatory motion.

Implications of the study

Analysis of written responses as well as
transcription of interviews, both in audio
and video mode, indicated that there is
a significant difference and a wide gap
between the learning outcomes as
expected from the curriculum and their
real learning at all levels. This may be
attributed to the following possible
reasons:

concepts are not internalised
because students continue to stick
with their naive perceptions/
theories.

students do not find content

interesting enough and often fail to
connect them with their practical
experience.

students are not able to apply their
knowledge to find solution to
unfamiliar situations.

transactional strategies may not be
effective and interesting.

To bridge the gap between what we

teach and what is learned, following
measures may be taken:

Interaction with the students while
they are performing experiments
have to be enhanced and extended
to real life situations by linking
theoretical aspects with practicals.

The teaching strategy should be
planned in such a way that special
attention could be paid on processes
of science. Active engagement of stu-
dents in construction of knowledge
through relevant activities has to be
facilitated by the teachers.

It may be ensured by the teachers
that students develop sufficient
application skills and problem-
solving techniques through simple
and exemplary questions/
problems/exercises. Also classroom
experiences should be linked with
experiences out side the clasroom
situations while citing examples
related to the concepts of mechanics.

Teachers may identify alternative
frames related to the concepts of
mechanics in the initial stage and
provide a curriculum that takes into
account the existing alternative
frames. Accordingly, students’
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thought structures must be studied
and modified.

The teacher’s own role in students’
cognition has to be enhanced by
allowing students to ask questions
and relate them with what they are
learning in school to things
happening outside. Also encourage

SCHOOL SCIENCE

them to answer in their own words
and from their own experiences,
rather than simply memorising and
getting answers right in just one way.

Finally, remedial measures should
then be taken by the teachers to
rectify the misconcepts of the
students.
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APPENDIX-A

[Mechanics

Baseline Test (MBT)]

Refer to the diagram below when answering the first two questions. This diagram
represents a multiflash photograph of an object moving along a horizontal surface. The
positions as indicated in the diagram are separated by equal time intervals. The first
flash occurred just as the object started to move and the last just as it came to rest.

1. Which one of the following graphs best represents the object’s velocity as a

function of time?

(A) V ('BJ

‘~-\"s<

-

ceern P

v

L4

(©) o A

\q.s-s’
RN

(E)
e &H\Wt

MMM »«t'

TNt 2 ¢

B O Y
sSsatarna
anensane

Give reason for selecting the option

2.
a function of time?
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Which one of the following graphs best represents the object’s acceleration as

(E)

it

The velocity of an object as a function of time is shown in the graphs. Which

graph below best represents the net force vs. time relationship for this object?
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e  Refer to the following diagram when answering the next three questions
(Q. 4, 5and 6).

This diagram depicts a block sliding along a frictionless ramp. The eight

numbered arrows in the diagram represent directions to be referred to when

answering the questions.

Give reason for selecting the option ...........ccceeveiiiiiiiiiiiiiiiin i,

The direction of the acceleration of the block, when in position I, is best
represented by which one of the following arrows in the diagram?

(a) 1 (b 2 () 4 d 5
(e) None of the arrows, the acceleration is zero.
Give reason for selecting the option ...........ccceeviiiiiiiiiiiiiiiiniin

The direction of the acceleration of the block when in position II is best
represented by which one of the arrows in the diagram?

@1 (b)) 3 (¢ 5 (d 7 (e) None ofthe arrows, the acceleration is zero.
Give reason for selecting the Option ...........ccceevviiiiiiiiiiiiiiiii
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The direction of the acceleration of the block (after leaving the ramp) at position
III is best represented by which of the arrows in the diagram?

@ 2 M 3 (¢ 5 (d 6 (e) Noneofthe arrows, the acceleration is zero.
Give reason for selecting the Option ...........ccceeiviiiiiiiiiiiiiiiiiin

A person pulls a block across a rough horizontal surface at a constant speed
by applying a force F. The arrows in the diagram correctly indicate the directions,
but not necessarily the magnitudes of the various forces on the block. Which of
the following relations among the force magnitudes W, K, N and F must be
true?

.-—-———"*V

N

»
, o
ﬁ S ——

w
(@ F=KandN=W (b)F=Kand N>W
(¢) F>KandN<W (dF>Kand N+W
(e) None of the above choice.

Ke—-

Give reason for selecting the Option ...........ccceeviiiiiiiiiiiiiiiiiin

A small metal cyclinder rests on a circular turntable, rotating at a constant
speed as illustrated in the diagram. Which of the following sets of vectors best
describes the velocity, acceleration, and net force acting on the cylinder at the
point indicated in the diagram?

S/

(A) (®) (C) (0) (E)
oD ¢ e ——-—. v ' = Y PRV
a= Fa Q

Give reason for selecting the Option ...........ccceeviiiiiiiiiiiiiiiniin
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9.

10.
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Suppose that the metal cylinder in the last problem has a mass of 0.10 kg and
that the coefficient of static friction between the surface and the cylinder is
0.12. If the cylinder is 0.20 from the centre of the turntable, what is the maximum
speed that the cylinder can move along its circular path without slipping off of
the turntable?

(a O0<V<05bm/s (b)0.5<V<1Om/s (¢J1.0<V<1l.bm/s (d)1.5<V
<2.0m/s (€)2.0<V<2.5m/s

Give reason for selecting the option

A young girl wishes to select one of the frictionless playground sliders illustrated
below to give her the greatest possible speed when she reaches the bottom of
the slide.

"N A oW mwe w™ pKu.cp'--q-

PRSI SRR

T

25m A 8

*w - - -ﬂ‘..-' .hi“----" ~.Ir-"-~.---
“oim ] ~
-t

Which of the slides illustrated in the diagram above should she choose<
@A (B B ( C (d D

(e) It doesn’t matter; her speed would be the same for each.

Give reason for selecting the option

. Refer to the diagram below when answering the next two questions (Q. 11
and 12).

X and mark the highest and Y the lowest positions of a 50.0 kg boy
swinging as illustrated in the diagram.

S
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11.

12.

13.

14.

What is the boy’s speed at point Y?

(a) 2.5m/s (b) 7.5m/s (c) 10m/s

(d) 12.5m/s (e) None of the above.

Give reason for selecting the Option ...........ccoeeviiiiiiiiiiiiiiiii
What is the tension in the rope at point Y?

(@) 250N (b) 525N () 7 102N

(d 1.1 10°N (e) None of the above.

Give reason for selecting the option ...........ccceeviiiiiiiiiiiiiiiniin i,

Refer to the diagram below when answering the next two questions (Q. 13 and
14).

Blocks I and II each with a mass of 1 kg are hung from the ceiling of an elevator
by ropes 1 and 2. }
'3

z
51
What is the force exerted by rope 1 on block I when the elevator is travelling
upward at a constant speed of 2.0 m/s?

(@ 2N (b) 10N (c) 12
(d) 20N (e) 22N
Give reason for selecting the option ...........ccceeviiiiiiiiiiiiiiiin

What is the force exerted by rope 1 on block Il when the elevator is stationary?
(@ 2N (b) 10N (c) 12

(d 20N (e) 22N

Give reason for selecting the Option ...........ccceeviiiiiiiiiiiiiiiiiin

Refer to the following diagram when answering the next two questions (Q. 15
and 16).

The diagram to the right depicts the paths of two colliding steel balls; P and Q.
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15.

16.

17.

18.
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Which set of arrowed best represents the direction of the change in momentum
of each ball?

(A) (8)
e P q'
P IQ /% ....9:.--' ‘//

Give reason for selecting the option ...........ccceeviiiiiiiiiiiiiiiniin

Which arrow best represents the direction of the impulse applied to ball Q by
ball P during the collision?

(A) (8) (C) (0)

N, —

Give reason for selecting the Option ...........ccceeeeiiiiiiiiiiiiiiiiin

A car has a maximum acceleration of 3.0 m/s?>. What would its maximum
acceleration be while towing a second car twice its mass?

@ 25m/s> (b)) 20m/s> (c) 1.5m/s*> (d) 1.0m/s> (e) 0.5m/s?
Give reason for selecting the Option ...........ccceeviiiiiiiiiiiiiiii

A woman weighing 6.0 10?% N is riding an elevator from the 1st to the 6th floor.
As the elevator approaches the 6th floor, it decreses its upward speed from 8.0
to 2.0 m/s in 3.0s. What is the average force exerted by the elevator floor on the
woman during this 3.0 s interval?

(@ 120N (b) 480N (c) 600N

(d) 720N (e) 1200 N

Give reason for selecting the Option ...........ccceeeeiiiiiiiiiiiiniin
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19. The following diagram depicts a hockey push moving across a horizontal,
frictionless surface in the direction of the dashed arrow. A constant force F,
shown in the diagram, is cating on the puck. For the puck to experience a net
force in the direction of the dashed arrow, another force must be acting in

which of the directions labeled A, B, C, D, E?

c 5 E
8 .
A
Give reason for selecting the Option ...........ccceevviiiiiiiiiiiiiinii
. Refer to the diagram below when answering the next three questions (Q. 20,
21, and 22).

The diagram depicts two pucks on a table. Puck II it is four times as
massive as puck I. Starting from rest, the pucks are pushed across the

table by two equal forces.

e Fiflight =

F F

20. Which puck will have the greater kinetic energy upon reaching the finish line?

@ I
b I

(¢)  They both have the same amount.
(d) Too little information to answer.

Give reason for selecting the option ...........cccoooeeviiiiiiiin.
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21. Which puck will reach finish line the first?

@ I

(b) I

(¢)  They will both reach the finish line at the same time.

(d) Too little information to answer.

Give reason for selecting the option ...........ccceovviiiiiiiiiiiiiiiiin
Which puck will have the greater momentum upon reaching the finish line?
@ I

(b) I

(¢)  They will have the same momentum.

(d)  Too little information to answer.

Give reason for selecting the option ...........ccceeiviiiiiiiiiiiiiiiin

22.

Refer to the following kinematical graph when answering the next three
questions (Q. 23, 24 and 25). The graph represents the motion of an object

moving in one dimension.

v(m/s)

ceeprovprue,

5 cesprenessqessgrerpoe = = % v :
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23. What was the objects average acceleration betweent =0 s and t = 6.0 s?

24.

(@ 3.0m/s?> (b)1.5m/s?> (c¢) 0.83m/s®> (d) 0,67 m/s?> (e) None of the
above.
Give reason for selecting the option ...........ccceeeviiiiiiiiiiiiiiiiin
How far did the object travel beween t = 0 and t = 6.0 s?
(a) 20.m (b) 8.0m (c) 6.0m
(d) 1.5m (e) None of the above.
Give reason for selecting the Option ...........ccceeeviiiiiiiiiiiiiiiin
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25. What was the average speed of the object for the first 6.0 s?
(@ 3.3m/s (b) 3.0m/s (c) 1.8m/s (d) 1.3m/s (e) None of the

above.

Give reason for selecting the Option ...........ccceeveiiiiiiiiiiiiiiiin

Refer to the following diagram in the right margin to answer question (Q. No.
26).

The figure represents a multi-flash photograph of a small ball being shot
straight up by a spring. The spring, with the ball atop, was initially
compressed to the point marked X and released. The ball left the spring
at the point marked Y, reaches its highest point at the point marked Z.

Zc-o-—o.
®

26. Assuming that the air resistance was negligible:

(a)
(b)

(c)
(d)
(e)

The acceleration of the ball was greatest just before it reached point Y
(still in contact with the spring).

The acceleration of the ball was decreasing on its way from point Y to
point Z.

The acceleration of the ball was zero at point Z.
All of the above responses are correct.

The acceleration of the ball was the same for all points in its trajectory
from points Y to Z.

Give reason for selecting the Option ...........ccceeviiiiiiiiiiiiiiiiiiin i,



Science News

New Understanding for Super-
conductivity at High Temperatures

An international research team led by
Andrea D. Bianchi from the Universite
de Montreal has discovered new ways in
which a magnetic field can interact with
the electrons in a superconductor.
According to him he discovered that
CeColn5 — an exceptional compound of
metals which is a combination of cobalt,
indium and a rare earth — loses its
resistance when cooled to just a couple
of degrees above absolute zero.

Superconductivity is a phenomenon
in which certain material manifests itself
by a complete loss of electrical resistance.
The discovery of superconductivity in
certain ceramic materials at
temperatures as high as 140K (-133 C),
well above the boiling point of liquid
nitrogen, has opened up new possibilities
for applications. Superconductors are
currently being used or developed for a
wide range of applications including
electric power transmission, ship
propulsion motors, magnetically levitated
trains, magnets for medical imaging, and
digital filters for high-speed
communications. An important area in
the study of superconductors is how they
respond to magnetic fields. Besides their
obvious relevance to practical
applications, such studies are an ideal
way to obtain a deeper understanding of
the fundamental aspects of
superconductivity.

It has been known that when
subjected to a magnetic field, most
superconductors will generate vortices
(electric tornadoes) which confine them
in tubes of magnetic flux. Such vortices
have been described by a model for which
Alexei Abrikosov and Vitaly Ginsburg
received a Nobel Prize in 2003. The
Abrikosov-Ginzburg-Landau picture has,
for more than 50 years, provided
scientists with a phenomenological
description of the vortices even in
materials such as the high-temperature
or heavy-fermion superconductors,
whose microscopic nature of the
superconducting state is still not
understood. However, the measurements
of the researchers with CeColnb reveal
a radical departure from the usual
behaviour and demonstrate that this
paradigm breaks down, implying thereby
the need to rethink on our understanding
of superconductivity.

According to Prof. Bianchi this
discovery sharpens our understanding
of what, literally, holds the world together
and brings physicists one step closer to
getting a grip on superconductivity at
high temperatures. In their experiment
Prof. Bianchi and his team cooled a
single-crystal sample of CeColn5 down
to 50 mK above absolute zero using the
Swiss Spallation Neutron Source (SINQ),
and applied a magnetic field nearly high
enough to entirely suppress
superconductivity. They found that the
core of the vortices feature electronic
spins that are partly aligned with the
magnetic field. This is the first
experimental evidence that a theory
that describes the properties of
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superconducting vortices, Abrikosov-
Ginzburg-Landau model, does not
generally apply in magnetically induced
superconductors. The results of the new
study shows that subjected to intense
magnetic fields; these materials produce
a completely new type of magnetic
tornado that grows stronger with
increasing fields rather than weakening.

Superconductors hold great promise
for technological applications that will
change how modern civilisation can store
and transmit energy — arguably some
of the most pressing challenges today.
Other notable applications include
superconducting digital filters for high-
speed communications, more efficient
and reliable generators and motors, and
superconducting device applications in
medical magnetic resonance imaging
machines.

It may be recalled that the first
superconductor was discovered nearly a
hundred years ago, and in most
materials this curious state with no
resistance was shown to arise from the
interaction of the electrons with the
crystal. However, in this new material,
superconductivity is thought to arise
from magnetic interactions between
electrons.

(Source: Science Daily online)

A Violent History of Time

From Earth, the night sky looks peaceful
and unchanging, but the universe as
seen in gamma-ray bursts is a place of
sudden and chaotic violence. By using
gamma-ray telescopes, astronomers
observe that the cause of this violence is
perhaps the most powerful explosions
that occur frequently in universe. These

75

explosions are called gamma-ray bursts.
No one is sure what causes gamma-ray
bursts. Some plausible predictions for
gamma-ray bursts include the collision
of two neutron stars or a sort of super-
supernova that occurs when extremely
massive stars explode. The gamma-ray
bursts happen in galaxies far, far away
so far away that the distances are called
“cosmological”, beyond ordinary
comprehension.

According to Charles Meegan of
NASA’s Marshall Space Flight Centre,
Gamma-ray bursts are so bright these
can be seen from billions of light years
away, which means they occurred
billions of years ago. They can help us
look back in time and teach us
something about the conditions in the
early universe. From the earliest galaxies
created after the Big Bang we may be
seeing the first generation of stars in
gamma-ray bursts. Gamma ray burst
happens and fade so fast that it is hard
to detect all of them. It is like trying to
capture every single firefly’s flash on a
summer night with an ordinary camera.
Gamma-ray bursts help scientists learn
about our universe’s history; they also
help explain its physics.

Gamma-rays bursts became one of
the most compelling mysteries of
astronomy, and NASA decided to build a
Great Observatory to map the gamma-
ray sky. In the 1990s, the Compton
Gamma-ray Observatory discovered
more than 400 new gamma-ray sources
and recorded 2704 gamma-ray bursts,
providing much more details about the
gamma-ray universe than the early
satellites had merely glimpsed. Most
importantly, Compton Observatory
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uncovered evidence that the source of
gamma-ray bursts is not the Milky Way,
but they come from staggeringly distant
galaxies.

Astronomers realised that since
explosions could be seen at such
distances, they had to be so violent that
it is almost impossible to imagine.
Gamma-rays are by their very nature a
herald of great energy and violence.
Gamma-rays are a super-energetic form
of light. Ordinary visible photons that
human eye could detect have energies
of about 2 to 3 electron-volts, while
Gamma-ray photons have energies
greater than 10 giga-electronvolts (GeV),
billions of times that of ordinary light.
Higher energy of gamma-rays is detected
by Ground-based observatories. It can
detect thousands of GeV.

In May 2008, NASA will launch
GLAST to receive these high-energy
messengers. GLAST’s main instrument,
the Large Area Telescope (LAT), will make
pioneering observations of gamma-ray
bursts at higher energies than ever
before from space. It is expected to
accurately locate 50 or so bursts per year.
Meanwhile, another instrument onboard
GLAST, the GLAST Burst Monitor (GBM),
will monitor gamma-ray bursts at lower
energies. These two instruments working
together will capture the whole energy
range of these cosmic fireflies from 10
thousand GeV to 100 giga-electron-volts.

(Source: NASA News online)

Golden Bullet’ Shows Promise for
Killing Common Parasite

The Australian researchers have
developed a new type of gold nanoparticle
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that destroys the parasite responsible for
toxoplasmosis. Toxoplasmosis is a
potentially serious disease acquired by
handling the feces of infected cats or
eating undercooked meat. So they call
these nanoparticles “golden bullets”
which could provide a safer, more effective
alternative for treating the disease than
conventional drug therapy.

Toxoplasma gondii, the parasite that
causes the disease, infects more than 60
million people in the United States alone.
It can cause serious health problems in
pregnant women and individuals such
as AIDS patients or organ transplant
recipients who have weakened immune
systems.

In their study Michael Cortie and his
colleagues attached antibodies to the
parasite onto gold nano-rods that were
activated by laser-light. A group of
Toxoplasma-infected animal cells were
isolated in cell culture dishes and
subsequently exposed to these “golden
bullets”. The cells were then exposed to
laser-light, which heated up the “bullets”
and destroyed the parasites. According
to researchers this treatment killed
about 83 per cent of the parasites
containing the gold particles. They hope
to develop a similar technique for killing
the parasite in patients.

(Source: Science Daily online)

Earth: A Borderline Planet for Life?

Our planet is changing continuously
since its birth, which continues even
today. As a result, many species have
become extinct while many others are
living on the edge. It might come as a
surprise to many that the Earth has been
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on the edge of habitability from the very
beginning. New work by astronomers at
the Harvard-Smithsonian Centre for
Astrophysics shows that if Earth had
been slightly smaller and less massive,
it would not have plate tectonics — the
forces that move continents and build
mountains. And without plate tectonics,
life might never have gained a foothold
on our world.

Tectonics plates, as we know, are
essential to life asserts Diana Valencia
of Harvard University. According to her
their calculations show that bigger is
better when it comes to the habitability
of rocky planets. Plate tectonics involve
the movement of huge chunks, or plates,
of a planet’s surface. Plates spread apart
from each other, slide under one another,
and even crash into each other, lifting
gigantic mountain ranges like the
Himalayas. Plate tectonics are powered
by magma boiling beneath the surface.
It is much like the layer of cream over a
pot of boiling milk. As the milk cools the
cream on top cools and forms a skin or
crust, just as magma cools to form the
planet’s crust.

Plate tectonics’ are crucial to a
planet’s habitability because they enable
complex chemistry and recycle
substances like carbon dioxide, which
acts as a thermostat and keeps Earth
balmy. Recycling is important even on a
planetary scale, explains Valencia. For
example, carbon dioxide that was locked
into rocks got released when those rocks
melted in the past. It came back into the
atmosphere during volcano eruptions
and from the oceanic ridges.

The team of researchers comprising
Valencia, Richard O’Connell and Dimitar
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Sasselov, all from Harvard University,
examined the extremes to determine
whether plate tectonics would be more
or less likely on different—sized rocky
planets. In particular, they studied so-
called “super-Earths”-planets more than
twice the size of Earth and up to 10 times
as massive. Planets larger than these
are likely to be in gaseous forms like
Neptune or even Jupiter.

The research team found that
planets in super-Earth category would
be more geologically active than our
planet, experiencing more vigorous plate
tectonics due to thinner plates under
more stress. Earth itself was found to be
a borderline case, not surprisingly since
the slightly smaller planet Venus is
tectonically inactive. It might not be a co-
incidence that Earth is the largest rocky
planet in our solar system, and also the
only one known to have life on it,
according to Valencia.

Five super-Earths planets outside
our solar system have been discovered
so far, although none have life-friendly
temperatures. If super-Earths are as
common as observations suggest, then
scientists opine that it is inevitable that
some will enjoy Earth-like orbits, making
them excellent havens for life. In fact, one
may fantasize that one day a super Earth
could prove to be a popular vacation
destination to our far-future
descendants. Even better, an Earth-like
atmosphere would be possible, while the
surface gravity would be up to three
times that of Earth on the biggest super-
Earths. Fantasizing further Sasselov,
who is director of the Harvard Origins of
Life Initiative, suggest on a lighter side that
if human were to visit a super-Earth,
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they might experience a bit more back
pain, but it would be worth it to visit such
a great tourist spot.

Elaborating further on super-
Earths, Sesselov was convinced that
although a super-Earth would be twice
the size of our home planet, it would have
similar geography. Rapid plate tectonics
would provide less time for mountains
and ocean trenches to form before the
surface was recycled, yielding mountains
no taller and trenches no deeper than
those on Earth. Even the weather might
be comparable for a world in an Earth-
like orbit.

(Source: Science Daily online)

Carbon Nanopipettes Smaller than
Cells that Measure Electric Current

Engineers and physicians at University
of Pennsylvania, USA have developed a
carbon nanopipette which is thousands
of times thinner than a human hair. It
can measure electric current and
delivers fluids into cells. Researchers
developed this tiny carbon based tool to
probe cells with minimal intrusion and
inject fluids without damaging or
inhibiting cell growth.

Glass micropipettes are found in
almost every cell laboratory in the world
but are fragile at small scales, and
therefore can cause irreparable cell
damage and cannot be used as injectors
and electrodes simultaneously. Haim
Bau, a professor in the Department of
Mechanical Engineering and Applied
Mechanics at Pennsylvania, and his
team has developed tiny carbon-based
pipettes that can be mass-produced to
eliminate the problems associated with
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glass micropipettes. Although these
pipettes range in size from a few tens to
a few hundred nanometers, they are far
stronger and more flexible than
traditional glass micropipettes. If the tip
of a carbon nanopipette, or CNP, is
pressed against a surface, the carbon tip
bends and flexes, then recovers its initial
shape. They are rigid enough to penetrate
muscle cells, carcinoma cells and
neurons.

Researchers believe that these
pipettes will be useful for concurrently
measuring electrical signals of cells
during fluid injection. In addition, these
pipettes are transparent to X-rays and
electrons, making them useful when
imaging even at the molecular level.
Adding a functionalised protein to the
pipette creates a nanoscale biosensor
that can detect the presence of proteins.

Micro-Nano Fluidics Laboratory at
university of Pennsylvania now mass-
produces these pipettes and uses them
to inject reagents into cells without
damaging the cells. Haim Bau, is
ultimately interested in developing
nanosurgery tools to monitor cellular
processes and control or alter cellular
functions. The CNPs will help scientists
to gain a better understanding of how a
cell functions and help develop new drugs
and therapeutics.

(Source: Science Daily online)

Blacker than Black: Darkest
Manmade Material ever made

Shawn-Yu Lin, professor of physics at
Rensselaer Polytechnic Institute and
Rice University, USA and his colleagues
have created the darkest material ever
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made by man. The darkest material is a
thin coating and comprises low-
density arrays of loosely vertically-
aligned carbon nanotubes that absorbs
more than 99.9 per cent of light and one
day could be used to boost the
effectiveness and efficiency of solar
energy converters, infrared sensors, and
other devices. The researchers have
applied for a Guinness World Record for
this material.

According to Lin who is also a
member of the university’s Future Chips
Constellation, this is fascinating
technology, and the discovery of darkest
material will allow them to increase the
absorption efficiency of light as well as
the overall radiation to enhance
efficiency of solar energy devices for
generating electricity. The key to this
discovery was finding how to minimize
reflection and maximising absorption of
radiation simultaneously. They have
done it by creating a long, extremely
porous vertically-aligned carbon
nanotube array with certain surface
randomness.

It is known that all materials, from
paper to water, air, or plastic and even
the so-called dark surfaces reflect some
amount of light. Scientists have long
envisioned an ideal black material that
absorbs all the colours of light without
reflecting. So far they have not been
successful in engineering a material with
a total zero reflectance.

The total reflectance of conventional
black paint is between 5 and 10 per cent.
Prior to the discovery by Lin and his
group the darkest manmade material,
had a total reflectance of 0.16 per cent
to 0.18 per cent. The new material has a
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coating of low-density vertically aligned
carbon nanotube arrays that are
engineered to have an extremely low
index of refraction. Its reflectivity has
been further reduced by creating an
appropriate surface randomness. The
total reflective index of new material that
has been developed is 0.045 per cent
more than that of the previously known
darkest material, which used a coating
of nickel-phosphorous alloy. In other
words, the new material is three times
darker than the previous one.

The carbon nanotubes are loosely-
packed with nanoscale gaps and holes
to facilitate collection and trapping of
light. Such arrangement of carbon
nanotube array not only reflects light
weakly, but also absorbs it strongly.
These combined features, according to
researchers, make it an ideal candidate
for realising a super black object in
future because it allows one to engineer
the optical properties of this material by
controlling the dimensions and
periodicities of the nanotubes.

The research team tested the array
over a broad range of visible wavelengths
of light, and showed that the nanotube
array’s total reflectance remains
constant. The other interesting feature
of the new material is that its reflectance
is two orders of magnitude lower than
that of the glassy carbon, although both
samples are made up of the same
element — carbon.

This discovery could lead to
applications in areas such as solar
energy conversion, thermalphotovoltaic
electricity generation, infrared detection,
and astronomical observation.

(Source: Science Daily online)
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Sugary Soft Drinks Linked to
Increased Risk of Gout in Men

In a research study spread over 12 years
a joint team of researchers from USA
and Canada have found that
consumption of sugar sweetened soft
drinks and fructose is strongly
associated with an increased risk of gout
in men. Gout is a joint disease which
causes extreme pain and swelling. It is
most common in men aged 40 and older.
It is caused by excess of uric acid in the
blood (hyperuricaemia) which leads to
uric acid crystals collecting around the
joints.

The number of people with gout has
doubled over the last few decades in USA,
which coincides with a substantial
increase in the consumption of soft
drinks and fructose, a simple sugar and
the only carbohydrate known to increase
uric acid levels. So far conventional
dietary recommendations for gout have
focused on the restriction of purines
(found in high levels in meat and meat
products, especially liver and kidney) and
alcohol but with no restriction of sugar
sweetened soft drinks. So researchers
studied the relation between intake of
sugar sweetened soft drinks and fructose
and the risk of gout.

In their study researchers followed
over 46,000 men aged 40 years and over
with no history of gout. They were
regularly asked to complete
questionnaires on their intake of more
than 130 foods and beverages, including
sugar sweetened soft drinks and diet soft
drinks, over a period of 12 years.
Different types of fruits and fruit juices
(high in natural fructose) were also
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assessed. At the start of the study, and
every two years thereafter, information
on weight, regular use of medications
and medical conditions were also
recorded. Gout was diagnosed according
to American College of Rheumatology
criteria.

During 12 years of follow-up, the
researchers documented 755 newly
diagnosed cases of gout. They found that
the risk of gout increased with increasing
intake of sugar sweetened soft drinks.
The risk was significantly increased with
an intake level of 5-6 servings per week
and the risk was 85 per cent higher
among men who consumed two or more
servings of sugar -sweetened soft drinks
per day compared to those who
consumed less than one serving per
month. These associations were
independent of other risk factors for gout
such as body mass index, age, diuretic
use, high blood pressure, alcohol intake,
and dietary factors. However, diet soft
drinks were not found to be associated
with the risk of gout.

Fruit juice and fructose rich fruits
(apples and oranges) were associated
with a higher risk of gout. However, the
researchers stress that this finding needs
to be balanced against the benefit of fruit
and vegetable intake to prevent other
chronic disorders like high blood
pressure, coronary heart disease, stroke
and certain types of cancer.

Thus, the findings provide
prospective evidence that consumption
of sugar sweetened soft drinks and
fructose is strongly associated with an
increased risk of gout. Furthermore,
fructose rich fruits and fruit juices may
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also increase the risk. In contrast, diet
soft drinks were not associated with the
risk of gout.

(Source: Science Daily online)

E. Coli Bacteria — A Future Source of
Energy?

Renewable, clean and efficient, hydrogen
is the key ingredient in fuel-cell
technology, which has the potential to
power everything from portable
electronics to automobiles and even
entire power plants. Today, most of the
hydrogen produced globally is created by
a process known as “cracking water”
through which hydrogen is separated
from the oxygen. But the process is
expensive and requires vast amounts of
energy — one of the chief reasons why
the technology has yet to catch on. Now
Thomas Wood, a professor in Texas A&M
University’s chemical engineering
department envisions the bacteria as a
future source of energy, helping to power
our cars, homes and more. Wood suggests
that E.Coli, a bacteria which is
synonymous with food poisoning for most
people, as the source of future energy.
Professor Wood has “tweaked” a
strain of E. Coli by genetically modifying
it, so that it produces substantial
amounts of hydrogen. Wood’s strain
produces 140 times more hydrogen than
is created in a naturally occurring
process. Though Wood acknowledges that
there is still much work to be done before
his research translates into any kind of
commercial application, his initial
success could prove to be a significant
stepping stone on the path to the
hydrogen-based economy that many
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believe is to be the major source of energy
in future..

The use of E. Coli in science is
nothing new, having been used in the
production of human insulin and in the
development of vaccines.

(Source: Science Daily online)

Optical Fiber: Secure in all the Chaos

A group of European researchers are in
the process of developing a prototype of
a technique that can transmit secure
messages hidden in chaotic waveforms
at a speed up to 10 gigabits per second.
Hiding a message within a chaotic
transmission offers a way of securing
information exchange provided the
message can be distinguished from the
chaos by the receiver.

The researchers have demonstrated
about two years ago that messages could
be sent at gigabit per second rates over
100 km of the standard fibre-optic, by
using a chaotic mix of light frequencies
with massive variation in amplitudes.
This message was received with low bit
error rates. Yet, anyone tapping into the
fibre-optic cable, attempting to intercept
the message without highly specialised
knowledge and equipment, would have
been unable to distinguish it from the
chaotic light ‘noise’ that surrounded it.

In follow-on project, the researchers
are now designing and testing two
integrated and stable chaotic sources. In
effect, these are the first prototypes for a
kit that will allow chaotic transmissions
to be used as a standard security
measure by organisations, such as
banks and governments.

(Source: Science Daily online)
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Ice Crystals in Ice Cream and Frozen
Foods is disappears

Ice crystals in ice creams and frozen
foods often make them test less and leave
a bad taste in the mouth. Although
several different substances have been
tried to prevent growth of ice crystals in
ice creams and frozen foods, but addition
of none of them have really been found
effective.

Srinivasan Damodaran, a scientist
at Wisconsin, has now developed
“antifreeze” that according to him
prevents the formation of ice crystals that
can spoil the smooth, silky texture of ice
cream and interfere with the palatability
of other frozen foods.
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According Damodaran, prevention of
the formation of large ice crystals is a
major,challenge for frozen food
manufacturers and consumers who store
packages in home freezers. Damodaran
has been successful in making a solution
“gelatin hydrolysate”, which is a protein
that acts as natural antifreeze. In a
controlled study using batches of ice
cream prepared with and without the non-
toxic compound, ice cream containing the
antifreeze developed significantly smaller
and fewer ice crystals than batches
prepared without the compound.

(Source: Science Daily online)
(Compiled and Edited by R. Joshi
and Archana Sharma, JPF)
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Science — Textbook for Class VI

AutHOR: Writing team

PuBLisHER: NCERT, Sri Aurobindo Marg,
New Delhi 110 016 First Edition: 2006
Pages: 165, Price: Rs. 30.00

The first attempt by the National Council
for Educational Research and Training
(NCERT) to develop science textbooks for
the middle stage (Upper Primary stage)
was perhaps made sometimes in 1967
when it developed textbooks in science
subjects for class VI. These experimental
editions of textbooks, in mimeographed
form, were meant for students in a few
selected schools that were a part of a pilot
project. The feedback received from the
schools was utilized for the finalisation
of the manuscript of the textbooks for
their wider use. Since then the NCERT
has produced more than four
generations of textbooks for this stage of
school education and the textbook under
review, published in 20086, is the latest
of these. With the passage of time,
gradual changes and improvements
have been incorporated as per the need
and the policy of the day. It is said that
the sky is the limit for achieving
perfection, the present textbook could be
adjudged as superb production
approaching towards perfection. It has
left little scope even for a hard critic to
point out much deficiency.

In fact, efforts were made to collect
feedback from the teachers and students
who are using the textbook under review.

No one could be found who did not like
the textbook on the whole. On the other
hand, many school teachers where this
textbook has not been prescribed,
including those from the schools under
the Directorate of Education, Delhi,
opined that this should also be
prescribed in their schools.

The National Curriculum
Framework — 2005 (NCF-2005) mentions
that science is a dynamic, expanding
body of knowledge, covering ever-new
domains of experience. In a progressive
forward looking society, science can play
a truly liberating role. The guiding
principles envisage:

o Connecting knowledge to life out
side the schools,

e Ensuring that learning is shifted
away from rote method,

e  Enriching the curriculum to provide
for overall development rather than
remain bookish, and

e  Making examinations more flexible
and integrated into classroom life
and so on.

To prepare a textbook adhering to above
guidelines is perhaps much more
challenging then formulating them. It is
a matter of great satisfaction that the
present textbook of Science for Class VI
has taken care of the dictum of NCF-
2005.

The contents of the textbook follow
the prescribed syllabus. As such, nothing
of the written matter of the book could
be found that raises doubts about its
correctness or its authenticity. It seems
that the team responsible for the
development of the textbook and the



84

Chief Advisor have taken every care to
present updated information, maintaining
continuity as one proceeds from one page
to the other, and also from one chapter to
the next. The authors have been able to
maintain the style of presentation with
appropriate abbreviations and symbols,
which is somewhat difficult as the
development team comprises a number of
authors. The introduction of two cartoon
characters, Paheli and Boojho, is unique
as it has never been done before especially
in a science textbook. These two
characters make the style of presentation
more interactive as many a questions that
children may like to ask have been raised
by them in the text. The stake holders,
especially student, have liked the style of
presentation and its language.

The quality of paper used for the
printing of the textbook is good and its
size is also appropriate for the children
of Class VI to handle with convenience.
The book has been printed on 80 GSM
paper bearing water mark of the NCERT
that would help in preventing piracy or
bringing out inferior duplicate copies of
the book in the market. The multi-colour
printing and the large number of
illustrations in a variety of form in the
book make it quite attractive both for the
children and teachers. Although some
teachers, who were approached for their
suggestions on the book, opined that a
few diagrams may be further improved
by providing labelling and some more
details. In spite of these, the present
features of the textbook would
undoubtedly facilitate teaching-learning
of science in schools. In spite of these
features the textbook is priced only
Rs. 30/-, which must be highly subsidized.
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However, the successful use of the
textbook would depend much on the
teachers who will have to follow a
teaching style that is child centred,
participatory and activity-oriented. Quite
possible, many of them would continue
with the same traditional approach for
teaching which lays more stress on
memorisation rather then helping
learners construct their own knowledge.
As usual, it is most likely that the
teachers as also students will ignore the
‘Forward’ and ‘A Note to the Students’.
Many teachers may argue that doing
activities in the class is more time
consuming and may also create problem
in maintaining discipline in the class.
They may come up with the same age old
question as to ‘How to finish the course
within the stipulated time?’

The only flaw in the production that
needs a mention is perhaps the quality
of binding of

the textbook. As the textbook will be
handled by the students of Class VI, the
binding is unlikely to hold the pages
together for the entire academic session.
When a large number of students still
depend on recycled second handbook
and many school maintain ‘Book Banks’,
the quality of binding may affect such
measure.

On the whole the textbook can be
classified as ‘beyond criticism’ although
there is always scope for further
improvement.

P.C. Bose

Deputy Director (Retd)

Directorate of Education, Delhi

44, Sakshara Apartments

A-3, Paschim Vihar, New Delhi 110 063
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