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LETTERS
Maternal . pheromone

Sir, 'The excreta of a mother rat
contains a pheromone which attracts
the young' (Chemical communication
in tiger, S.R., Feb. 1979, p. 93).
Michael Leon and Howard Moltz
of the McMaster University, Canada,
have called it 'maternal. pheromone'
(Physiol. Behay., 8, 683, 1972), the
existence of which has also been re-
cognized in the crayfish (Nature,
255, 400, 1975), fishes (Biosci. Com-
mun., 3, 331, 1977; J. Chem. Ecol.,
3, 463, 1977; Z. Tierpsychol. in Press)
and most of the mammalian species
(J. Invest. Dermatol., 62, 124, 1974;

-

Physiol. Behav.,16, 15, 1976; Physiol.
Rey., 59, 224, 1979) including. human

>

(The Human Neonates in Parent-
Infant Interaction, Ciba Foundation
Symposium. 33, 'Amsterdam, 103, .

1975; Nature, 260, 520, 1976). Colin
Bernett of the University of Califor-
nia, U.S.A, after exhaustive studies
on the problem, remarked that the
innate bias of neonates

(Anim. Behav.,

Richard Porter and Helen Doane
of the John F. Kennedy Center for

in Press).

Research on Education and Human.
Development, Tennessee, have de-
monstrated that, in the spiny mouse,
the mdterinal pheromone maintains
cohesiveness of infants to the mo-
ther (Physiol. Behav., 21, 563, $978;
ibid, 23, 75, 1979). In the earlier
studies they showed that, owing to
this pheromone, a pup finds a 'foster

.chenodeoxycholic

for the
mother is due to this pheromone

mother' when its biological mother
dies, and claimed that the pheromone
aids in communal mothering (Phy-
siol. Behay., 16, 75, 1976, Behav.
Biol. 20, 244, 1977).

Studies by Michael Leon on the
rat have proved that the females have
an inherited character to produce the
pheromone. It is synthesized in
the caecum and is not a product of
anal gland secretions; and its pro-
duction is not dependent on the sex
hormones; rather it is under the
control of prolactin (Physiol. Behav.,
13, 441, 1974). Recently, Howard
Multz and colleagues of the Uni-
versity of Chicago, U.S.A, have tried
to learn the origin and chemistry of
this pheromone. They demons-
trated that bile acids are involved in
the matter (Science, 196, 81, 1977;
ibid. 201, 939, 1978). In a subse-
quent experiment they fed cholic,

and deoxycho-
lic acids to the nulliparous and vir-
gin rats and .found that only those
who were on the dietary cholic acid
supplement evidenced the emission
ef the pheromone (Physiol. Behav.,
2, 31 , 1980).
hypothesize cholic acid/or its un-
known. derivative (s) to 'be the ma-
ternal pheromone of the rat (Phar-
macol Biochem Behay , 12, 555, 1980)
However, our knowledge regarding
its actual chemistry is still scant
(Physiol. Béhav., 26, 301, 1981).

AJAY KUMAR PANDEY
Department of Zoology
University of Gorakhpur

Gorakhpur-273001

Sir, I intend to write a book on
'Prospects for Wind Energy Utili-
sation in India'.

In the past, National Aeronautical
Laboratory. Bangalore and some
Christian Missioneries installed wind-
mills all over the country. I will
deeply appreciate if thé readers of
S.R. send me details of the windmills
they have ever come across. Due

This led them to

acknowledgement will be given for.

'the information provided.
A. JAGDEESH

Deptt. ofPhysics
University of Roorkee

>

Roorkee-247672 ..t/9

Hubble's law in its right sense

Sir, Many thanks for the comple-
)

ments recorded by K. Suresh (S.R.;
July 1981) on my article On the
arrow of time (S.R., Feb. 1981).
He has expressed his doubt that there
is a mistake in explaining cosmolo-
gical arrow of time. I wish to
clarify the Hubble's law of reces-
sion of galaxies which has not been
understood in its right sense.
It is well-known that P. -Hubble

selected the brightest galaxies in
each cluster of galaxies and disco-
vered that they are receding from
one another with a speed pro-

portional to their distances. The.
cosmological arrow of time is fixed

- with respect to outward radial mo-
tion of these galaxies which are not
gravitationally bound. Thete is yet
'no evidence that these galaxies are
approaching. one another.
Individual galaxies in each clus-

ter are not moving randomlyunder
mutual gravitational field, as under-
stood by K Suresh, but are in some
form of orbital motion around the
centre of cluster of galaxies.Also they.
are subjected to the general reces-
sional motion. Thus their motion
must be understood in terms of
'proper motion'.

-§.C.P. HALAKATTI
Research Scholar, Deptt, of

Mathematics, Karnataka University
Dharwad-580003 (Karnataka)

Windmills in India

Leafy vegetables

Sir, Leafy vegetables (S.R,,
December 1981) by R.L.N. Sastry
was very informative. Here we
wouid like to give some additional
information about them (see our
article, S.R., November 1981, 402-

406).
(Continued on page 110)



SOUTH HORIZON

Planetary positions for Maich,, 1982.

Saturn 13h 24m 5.9°S

Date ST 10TH. 20TH

Planets s"CORASSSDECL ORLA. DECLS ORAL DECL

13h 22m 5.789 13h 20m 54S

*Adapted from figures supplied by Positional Astronomy Centre, Calcutta.

The moon

25th at 3-47 P.M. LS.T. -The moon
passes about two degrees north .of. midnight of. 13th and five degrees

Mars in the early hours of 12th
and two and a half degrees north of

on Saturn on 12th, about three and a
half degrees north of Jupiter around

MARCH 1982

outh of Venus on 21st. The lutiar
crescent becomes. first visible after
the new moon day in the evening of
.26th. The moon is at perigee or
nearest to theéarth on 4th, and again

.-on 29th and. at apogee Or farthest:
from it on 17th, .

The sun is at the vernal equinox
on Ast

panes

Mercury (Budha), visible in the :

morning sky, rises about an hour
before sunrise during the first three.

_ quarters of the month. Thereafter
it-is too near the sun to be visible.

«

- It moves from Capricorn (Makara) .

magnitude
varies from +0.3.. to -0.4 a

Venus (Sukra), a morning star,
~

rises about two and a half hours

(Kumbha). Its visual

Ses)

+

bos

to Pisces (Mina) through Aquarius

before sunrise during the month.. Itwat:
is in Capricorn. (Makara). - Its visua
magnitude is about -4.2
Mars (Mangala) rises about two.

and a half hours after sunset duringcorvus
the first halfof the month and sets at
about sunrise during the second half
being at opposition with the sun on
31st. It is in Virgo (Kanya). ts
visual magnitude varies from. -0,5
to -1.2

VELA

CARNA

Jupiter (Brihaspati), visible in the.

morning sky, rises about two and a .

half hours before local midnight
"during. the first -half of the month
and about. three and a half hours
before it during the second half. It.

Its visual magis-in Libra (Tula).
nitude is about -1.9..Mercury ° 2th 04m 17.3°S 2th 50m 14.9°S 2h 48m 10.1°S.

Venus 20h Oim 15.1°S 20h 26m- 15.0°S 2th 00m 14.1°S

Saturn (Sani), rises about two and.
Mars 13h 14m 4.4°S .13h 09m 3.8°S 12h 58m 2.8°S

14h 33m 13.6°S 14h 32m 13.5°S 4h 30m 13.3°S
a half hours after. sunset during the

Jupiter

first half of the month and about an
hour before it during the second
half. It is in Virgo (Kanya). ts
visual magnitude is about +0.6
(Source

'N' New Alipore, Calcutta-700 053)

The Director; Positional
Astronomy Centre, P-546, Block

ull moon occurs on 10th at 2-15
A.M. and new moon



THE OZONE PROBLEM
Man-made sources such as nitrogen oxides and fluorocarbons are not the only ones that affect
the earth's ozone shield; natural phenomena like volcanic eruption and solar flares also destroy

DOOR ages and all over the world -

people have thought highly of
ozone. They have been inhaling .

with deep satisfaction the seaside air
and the mountain air and air in odd
places that they somehow feel is
rich in ozone and does them good.

The screening effect of ozone

They have been right, but for the
wrong reasons. Ozone does all of
us good wherever we are, but not
through inhalation and its con-
sequent physiological effect, but
essentially through a 'negative' act.
By a quirk of fate, ozone is a mole-
cule that absorbs radiation in the
ultraviolet in those wavelengths
which are biologically harmful.
Working some 25 kilometres above
the earth it absorbs radiation below
abous 2900A and thus keeps it
from reaching the surface of the
earth. The sun emits radiations at
all wavelengths, the lower the wave-
lengths the more its photon energy

( E hy = h-) and asthe pho-

ton energy increases, its efficiency
in damaging biological systems in-
creases. But much of it is absor-
bed in the atmosphere at various
levels (Fig.2). This absorption takes
place from oxygen, from water vapour
and a number of other constituents

ozone in the stratosphere

A.P. MITRA

-these are also indicated in
Fig. 2. The most important absorp-
tion is through ozone for it absorbs
all radiation below 2900A. In this
context, it is relevant to note that
biologically UV radiations are gen-
erally classified in three categories
UV-A, UV-B, UV-C; the wave-
length ranges for these categories are
given in Table 1. We are concernec
primarily with UV-B since its damag-
ing efficacy is higher than with UV-A,
and UV-C (from the sun) does not
reach the ground. Above 290 nm,
the radiation is not completely
absorbed by O,, but considerably
diluted by it and the magnitude of
the dilution is decided by the ozone
content at the place and at the time
concerned. This dilution facto1
decreases sharply (essentially expo-
nentially) as O; content decreases,
since the term controlling dilution is

given by e
A (Os) where (O,) is the

ozone content.

Ozone is a minor constituent of the
atmosphere, i.e., it exists only in very
small quantities. less than a part
per million of air at ground; even
more scarce than CO, or H,O
vapour. While this point is not
entirely relevant in this discussion.
a very amazing feature of nature is
that much of the earth's phenomena

A

is dominated by atmospheric
species which are present in amounts
of a millionth to a few billionth
parts of the atmosphere. Ozone
is one example. Its distribution is
given in Fig.3, in absolute numbers
as well as in terms of its mixing ratio
(i.e., as the ratio of its concentration

SOLAR UV
100

06
TT}
YU
52a
a

:
g E

10RRROZONE LAYER\S

8

6

50 8

kmo \/Z 0-02 ppm

Fig 1

Dr. Mitra heads the Radio Science Division at National Physical Laboratory, New 10012



"UVC 200 nm. to.

160Fr-

f

ABSORPTION ,
120

MOLECULAR
BY ATOMIC AND'

ABSORPTION \

BY MOLECULAR
OXYGEN

OXYGEN AND NITROGEN

80

MOLECULAR OXYGEN
40

ABSORPTION
(HERZBERG SYSTEM)

OZONE
ABSORPTION

(HARTLEY BAND)
es es ee

160

WAVELENGTH/nm

just below 290 nm is controlled almost entirely by ozone.

with concentration of all air mole-
cules). In this the atmospheric
structure from surface to 100 km is
also shown, along with the regions
known as troposphere and - strato-

sphere. It is worth noting that 90
per cent of ozone is located in the.
stratosphere at altitudes between
50 km and 10 km-17 km (depending
on latitude). It is partly responsible.
for the rise in temperature in the.

Stratosphere (Fig.3). This positive poles and higher latitudes.

temperature gradient in the -strato
sphere restricts transfer of material
between the stratosphere and the

troposphere below.
Ozone is a photochemical product,

1.e., it is a result of chemical reactions
in which the starting molecule is

Table 1. Uv classifications

UV-B 280nm to 315 om
280 nm

assumptions.

FEBRUARY 1982

oxygen. "Some of the peculiar
features of ozone are that its maxi-
mum, concentration is not at the -

ground but at a height of about 50
km where its concentration is about
5 x 1012

Although production of ozone is
the maximum near the equator, its
concentration is minimum at these

The protective umbrella
is thinner at equator than at the
latitudes.

There is no doubt that life became

possible on the earth only when the
ozone layer was atleast partially
formed and allowed life to evolve
and protected living systems to

emerge from out of the oceans.
The time scale of this evolution in
-the 4.5 billion years that has passed.
since the earth was. born is shown in
Fig.4. This is based on several.

An important assum-_

ption is that the abundances of nitro-
gen, carbon dioxide. and water vapour

1

molecule per

its present value. ]If for some reason

chemical. Product.

240800

Fig. 2. All radiations emitted by the sun do not reach the surface of the earth. Some are absorbed in the atmosphere. What is shown here is

the height at which radiations below 290 nm (i.e., 290 Angstroms is reduced to -th of its orginal value. Note that the region immediately
1

+

in the atmosphere were controlled
at their present levels by abiotic
"processes, and that the temperature
structure of primitive atmosphere

~

was similar to that of today except--
cm. - ing that the temperature maximum"

at -stratopause was absent. Since
the crucial parameter for life was the

increasing efficiency of the ozone

layer in screening the earth's atmos-

phere

its. maximum sometime in the past

when the oxygen content was ath

this protective layer is withdrawn or
even partially depleted, biological ;

severe,
although we are. not quite clear
consequences must be

about all aspects of this hazard. .

Ozone, a mentioned, is a photo- ;
The possibility

from UV radiation, . the ~

evolution of the screening effect is
shown. The important point to
note is that the ozone content reached

315 nm toUV-A 40 nm

SCIENCE REPORTER



ponent is atomic oxygen (0); it
must be present in adequate numbers
to produce ozone, and to get O,
O, must be dissociated by ultra-
violet radiation. Since this radi-
ation gets depleted as it passes
through the atmospheric blanket,
there are fewer O atoms at ground

This is ©than in the stratosphere.
the reason of its having a peak way
up in the atmosphere.
The ozone chemistry is, however,

not as simple as this. -A whole lot
of other molecules can get into the
'act-primarily in the destruction
process. They can be nitric oxide
(NO), .chlorine oxide (CIO), a
number of hydrogen oxides (OH,
HO,). A relatively simple way of
understanding what happens is
through Fig.5. The important
point is that-in the process of des-
truction of ozone, NO, Cl, OH or.

HO, plays only a catalytic role,
without itself getting destroyed.

- This can be seen through the follow-
ing sets of reaction:

12

a

I
So

~-,--+

f 1010 (mot fern )
100 3

+
80

£

e*

60
MESOSPHERE x

O
50

40
STRATOSPHERE

o 1

g20 3
t

e

10 3

Fig. 3. A simplified representation of the atmosphere from surface to 100 km and the dis-
tribution of ozone. The atmosphere is divided in this height region into three broad regions on
the basis of temperature; the Troposphere, the Stratosphere and the Mesosphere. The Ion-
osphere begins at about 60 km The sharp increase of electron density between 60 to 100 km
is also indicated (Ne curve).

that it mayy have climatic conse-
quences has been realized over along
period of time. Like eater vapour
it is a "greenhouse" molecule, i.e., it
absorbs. infrared radiation emitted
by the earth and then radiates it
back to the earth thus producing a
warming effect.

Ozone. chemistry
The simplest description of the

ozone life cycle is given by the so--

called Chapman cycle Table 2).
According to this simple chemistry,

SCIENCE AEFURIER

The heights reached by the balloons and by the Indian rockets
Rohini 200 and Rohini 300 are also indicated

ozone is produced by 3-body asco
ciation of atomic oxygen and mole-
cular oxygen and subsequently des-
troyed by: (a) dissociation through
solar ultraviolet, and (b) reaction
with atomic oxygen. The key com-

NO+0, + NO,+0,
NO

0,+0 -> 20,
.

O40, > HO,+0,
OH .

20 > 30,

Cl1O, > CIO+0,

o

TROPOSPHERE
ae

160 200 240(km) (OC) 30Q
TEMPERATURE ( KELVIN)

HO,+0, OH ---20a

Cl
Clo+O -> Ci+0,

O; > 20,

Table 2. Chapman mechanism for ozone

Production: :

°--> O+0 Oxygen dissociation
Ozone formation

Destruction:
On+u > 0,40. Ozone photo dissociation
0,+0 > O,+0, 2-body recombination

72

O,+v
O,+M
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Thus any processes (natural of mati
made) which increase the concentra-
tions of NO, OH and CIO in the.
atmosphere help in destroying ozone.
The question is their relative impor-
tances. A model calculation may
include some 150 chemical reactions

1910

and photochemical processes. These
may have different rates, different
time constants and different response
to temperature variations. In the
stratosphere temperature is very low,
-around -60°C to -40°C and pres--
sure is around 30torr - 200torr.
Pressure and temperature dependen-
ces can be crucial. for some species;
for example, for OH and HO, these
are highly pertinent.

he ozone scare

The present story began in early
1971 when a U.S. chemist Harold
Johnston pointed out that super-
sonic. aircraft, then under design
and fabrication,
large quantity of nitric oxide at
exactly those heights where ozone
has peak abundance. Nitric oxide,
he said; would catalytically attack
ozone converting it into molecules:
of oxygen in the way outlined above.
Thus, Johnston argued, large-scale
use of supersonic aircraft will appre-

. ciably deplete ozone over the entire
globe. This reduction would mean
an increase in ultraviolet-B radiation.
This, it was argued, could result in

1 O+0.+M- PO

would emit a

40
81

NO
10

17 2

46

N +02 > NO+0
2

N+NO-> N +0

4 10° 10% 10110 106 5
10

10
OXYGEN CONTENT

Fig. 4. Evolution of ozone in the atmosphere of the earth

a variety of environmental. con-
sequences including possible inctease
in skin cancer, stoppage of tissue

growth, albumin coagulation, change
in photosynthesis rate in plants,
change in global rainfall. and tem-

CHAPMAN: CYCLE
+hy-*O +0,

q

+Cl --* C10+05

simple Chapman chemistry. Other reactions are the ones that were later incrporated; much

of the human influences really operate through those reactions later added

FEBRUARY 1982

perature conditions and introduction
of ecological disturbances.

This warning caused a lot of
scientific excitement. Soon scientists
fell in two camps: one group consi-
dered that the effect was negligible
and the publicity misguided and
unnecessarily dramatic. The other

group. considered the possible effect
to be sufficiently important to require
immediate action. The USS.
Government stopped Boeing deve-
lopmental activities in SST, and

HO,+0, ordered the study of the strato-
sphere through a programme called
Climatic Impact Assessment Pro-
gramme (CIAP).

+O _ 202

OH

23 +HO OH +20

Fluorocarbons
+NO NO.F0

It soon became apparent that an-
other, and perhaps potentially more

catastrophic, hazard exists. The
Fig. 5. Reactions that produce ozone and those that destroy ozone. The box ndicates the

73 SCIENCE REPORTER
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Fig. 6. Chlorine is released not only by aerosol sprays but also by volcanoes. This figure shows nature of injections from volcanoes, the average
volcanic loading and injections from CFMs over the last 100 years. Note the sharp risein CFM injections in recent years and the fact that
CFMs have now taken over from volcanic loading

western world uses a good deal of
fluorocarbons (CFM). In parti-

cular, fluorocarbons. Fl! and Fi2
have been produced in increasing
amount after World War II for a
diversity of purposes: aerosol sprays,
working fluids for refrigerators and
airconditioners and agents for pro-
ducing certain solid plastic foams.
Fil is the trade name for CFCI,
and F12 for CF,Cl,. Fluorocar-
bons find use in instant foam shav-
ing creams, hair sprays insecticides
sprays and. in a variety of other
ways. What happens is that when
these gases are released in the atmos-
phere (note that there is no danger
in closed recycled system as in refri-
geration and airconditioning equip-
ments), the molecules CFCI, and

get dissociated, as they
rise to stratospheric height.
dissociation occurs because of the
increasing intensity of solar ultra-
violet radiation at the higher levels.
The result is the production of free
chlorine. This free chlorine then
attacks ozone catalytically in the

SCIENCE REPORTER

This.

same way as nitric oxide, resulting
in the destruction of ozone. That
such a process does occur has now

' been verified from observations of
CFCI, and CF,C1, from balloons
which show a definite decrease in
their concentrations as we go to
Stracospheric heights. The total
world production of these hydro-
carbons have increased from 41-
million kg in 1950 to 700 million kg
in 1980. 50 per cent of this comes
from U.S.A. The developing world
produces about 1-2 per cent. India
and Argentina together produced
some 6 million kg in .1979. (In
India these are produced under the
name of Everkalt and Mafron).
The increasing amounts of CFMs

released into the atmosphere in
the last two decades is shown in
Fig.6. A hopeful feature is the
halting of this rapid growth in
recent years because of ban in
certain States in the USA and the
voluntary discipline exercised by
the industries in recent years. The
CFM production in 1980 as compar-
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ed to 1950 are shown in Table 3.
Another manmade source which

might prove a hazard to the ozone
environment is nitrogenous fertilizer.
Whether such a hazard really exists
is not clear. This is an area of
particular concern to India where
use of chemical fertilizers is a

necessity for increasing food pro-
duction, and, therefore, only a

very compelling reason can be accep-
ted for any alteration o1 stoppage in
the use of these fertilizers. The
world consumption of nitrogenous
fertilizers was 3.5 million tonnes/
year in 1950, 9.7 m.t./year in 1960,
40. m.t./year in 1974 and is expected
to be around 120 to 300 m.t./year
in 2000 A.D. These inject N,O in
the atmosphere. However, the

change in atmospheric N,O is very
slow increase over the last decade
was 1.5 per cent (compared to 2

per cent in CO, over the same

period). N,O concentration at pre-
sent is about 300 ppmv at ground
level. The tropospheric burden is

17x10 gm and stratospheric
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infrequent.
tions from 1500: A.D. is available. :

'One of: the largest eruptions in
recent history was the Krakatoa in
1882. and amongst the recent ones

burden is 810% gm; the estima
ted global flux is 210 x 10" gm
N,O/year.
But manmade sources are not the

omy ones that affect ozone concen-
tration. Afterall ozone is produced
by solar radiation and at wave-

lengths which are not constant and
therefore variations of ozone from

purely solar point of view exist. In
addition, nature can be violent. One

example is the volcanic eruption.
For large eruptions, the volcanic
cloud may penetrate well into the

stratosphere sometimes right upto
§0.km: Such. eruptions affect the

atmosphere in: two ways: by provid-
"ind an aerosol layer in the tropo-
sphere which decreases transmittance
of the solar radiation and therefore
cools the atmosphere, and (ii) by
introducing chlorine into strato-.

sphere which destroys ozone through
reactions indicated earlier.

eruptions are not ;Volcanic
A detailed list of erup-

was the Mt. Agung eruption in 1963.
An event of the size of the Mt.
Agung or of Krakatoa is rare. The
waiting time for one per cent pro-
bability for an Agung type eruption
to occur is about 50 years.. But if!
reasonably moderate sized eruptions -

occur at intervals of two years
-(anywhere in the world) they become Fig. 7:

cumulative.
Another natural catastrophic event

is the solar flare. These are violent

Table 3. Release of CFM
(million kilogram)*

o
PROTO N EVENTS

SECONDARY ELECTRONS
( 10-100 ev )

No

"Z
z za
+ z+

ores
'NO[--

India+AArgentinaYear World
(4 companies)

1950 32 0
1975 725 36

71980 590

*Taken as about 80 per cent of production
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catastrophically large.

eruptions of the sun when energetic
particles thrown out with velocities
close to that of light, enter the earth's
atmosphere and produce ozone-

destroying nitric oxide right down
to stratosphere.

expressed as in Fig.7. Such flares
are more abundant during the years
when solar activity is maximum.
Nitric oxide injected into the strato-
sphere by some of the flares can be

For example,

.75

os

AN02

The sequence of
reactions, in a. simple form, can be

+ A UVB DECREASE
N' SOLAR
RADIATION
JIN VISIBLE

of a
flare event

the solar flares of 'August 1972.

(the largest in. recorded history)
injected 3x 1083 NOx molecules. in

. the earth's stratosphere in a short.

period of a few days-ten. times lar-
ger than the total annual injection
from galactic cosmic rays. +

Thus we have manmade sources
as well as natural sources affecting
ozone.

pose danger.

SCIENCEREPORTER

"The former must be com-
'parable to or exceed the latter to

The different: sources
and the nature of injections. are



Table 4

Anthropogenic
Fossil Fuel-+Biomass Burning co,
Industrial Loading Particulates
CFMs Cl, .

SSTs NO,
Nuclear Explosions NO,
Space Shuttles Cl
Nitrogenous Fertilizers NO,

Natural
Solar Constant ?
UV Variation Possible Modulation

nO,
Solar Proton Events NO,
Voicanoes ci

given in Table 4. Clearly the injec-
tions are either of NO, or Clg.
But how does one estimate their
effects? To do so, one must first
know what is our normal and
unperturbed stratosphere like. This
means measurements of a wide
variety of trace species that are
present in the atmosphere only in
parts per million or parts per billion.
These are difficult measurements.
Such measurements have been made
in the USA and in Europe using
instruments carried in balloons, and
rockets, through satellite, obser-
vations and sometimes through high
altitude aircrafts. Measurements
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Fig. 8. This figure shows how predictions of the effect of supersonic aircrafts have changed

1978 1979 1980 .1981

as new measurements of reaction rates became available and as new types of chemistry were
included

over the Indian subcontinent are
few, but the measurements made
elsewhere at low latitudes are expec-
ted to be valid. If we use these
data for the Indian subcontinent also
we can prepare a model of these
trace species.
The second requirement is that

we should be able to identify and
mathematically formulate the many

reactions that occur. Some have
been observed and measured under
laboratory conditions - some are
still hypothetical. Calculations need
large computers-there are about
ten groups making such calculations.
And calculations over the years have
not given the same results. There
have been some drastic changes in
the estimates as new measurements of
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Fig. 9. Estimated ozone depletion with time from CFM alone
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Fig. 10. While the total ozone variation is not expected to be very large from human influences, changes at specific levels can be substantial.

This ts shown in this diagram. Note that the changes are quite different in the troposphere and the stratosphere
shown

some of "the critical reactions
became available. An example is
shown in Fig.8. This figure shows
how initial predictions of large-scale
depletion in ozone from supersonic
aircrafts changes to a prediction of
enhancement and again in recent

years to depletion. These are pit-

falls that we must contend with for
some time.
It seems, from these calculations,

that the real danger comes. from
CFM release from aerosol sprays.
Supersonic aircrafts do not pose
much danger nor do nitrogenous
fertilizers, at least in foreseeable
future. Fluorocarbons from aerosol

Sprays, at their present rate off

production, on the other hand, will
eventually cause a reduction of 10

percent in ozone. (Table 5 gives
current estimates of different effects).
This will not occur immediately-
it will take decades. Use in aerosols

in recent' years.
World production of Fll and F12

FEBRUARY 1982

fell by. 17 per cent between 1975 and .

1979, but there is increase of other
chlorine containing compounds,
particularly methyl chloroform and
carbon tetrachloride.
But the final test must be

ozone itself. Aerosol use has beer
growing rapidly in the last decade. .

Has the ozone concentration dec- decade:
reased in the decade 1970-80? This
it should be. possible

* to deter-
mine. There are about 40- Dobson
ozone spectrophotometers operating

in different parts of the world, five of
these in India. All these have been
calibrated with the standard in .

Boulder, USA. Also over the last -

ten years we have had a new series
of. measurements carried out with

. Satellites. . The . 'Indian measure-

ments, in some cases, exist over a

have been undertaken with rockets.
More recently, experiments

What do these measurements

+

show? We. do find a global trend of
decrease. of roughly I per cent in

Table 5. Present status

Source Change in ozone

SSTs S3% New Nasa Chemistry
61-62 N. Tests Negligible us

CFMS -8% 1981 Estimate

Rocket Exhausts - 0.3% Space Shuttle Missions

SPE (Solar Proton Events) - 20% Skm
Aug. 4,1972 - 13% -30km
Volcanoes Krakatoa -7%

Agung 0.7%
UV 5%
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ozone over this decade. This is a
mall amount, but it is consistant
with what we would expect over this
period from aerosols alone. Fot.
we must remember that it takes
time for the depletion to take its
full course, If we are dealing with
total ozone (and this is what is
measured with Dobson spectro-
photometer), then the estimated
change is roughly 1 per. cent in one
decade, and reaches some 4 per
cent only at the turn of the 21st
century (Fig.9). We also find that
natural events can radically alter
ozone. For example, the large
solar flare event of. August 1972,
caused an ozone depletion that
exceeds this amount. On the other
hand, there has been a 5 per cent
increase in global total 'ozone bet-
ween 1965 and 1970 that is not
understood.
This is the result with total ozone.

However, if one monitors heights
around 40 km, the effects should be
much larger. This seems to be the
ease. Thus it looks as if the calcu-
lations are at least grossly correct.
The question that the magnitude

'and nature of the effect is radically
different at.different heights is impor-
tant. We can understand this. by flown in balloons and those flown with rockets Thes are ndicated

looking at Fig.10. Below 25 km, the
net result of all anthropogenic
changes (CFC from aerosol sprays,
NOx from SSTs, N,O from fertilizers
and CO, from fossil fuel) is an
increase in ozone, peaking to about.
20 per cent at 10 km. Above
25 km, the effect is one of depletion
by about 20 per cent at 40 km.
Assuming we are indeed having

a decrease in the ozone content. due

e R-ROCKETBORNE. SEASORS

NEW. DELHI

e @GAUHATI

NAGPUR

BOMBAY

HYDERABAD

TRIVANDRUM
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B- BALLOONSODES

SRINAGAR D-DOBSON

AHMEDABAD
BANARAS

O UDAIPUR
CALCUTTA
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BANGALOR SHRIHARIKOTA

SND

Fig. 12. The distribution of Indian ozone stations are shown. "There are.-four kinds of
measurements; measurements of surface ozone, use of Dobson Spectrophotometer, sensors

to aerosols, what are really the.
consequences. Firstly, this means
exposure. to increased
radiation. The increase.is nonlinear
and highly dependent on wave-
lengths. The shorter the wave-
length, the more severe is the biolo-
gical effect. For a 10°per cent
change in ozone the increase in
UV-B radiation is from 16 to 30
per cent depending upon season and

Fig. 11
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latitude. One must remember, how-
ever, that at any location the UV-

. dosage depends normally 'on the
ozone content, but on a number of

UV-B

other factors. One formula for
this dosage is given in Fig. 11.
There are two types of skin cancer.

'The first type, non-melanoma, is not.
fatal. It is found principally in
older people and probably indicates.
the effect of cumulative exposure
over a number Of years. The other
type (melanofna) has fatal con-
sequences. Statistical studies in
the West have shown that the inci-
dencé of skin-cancer is a strong
function of latitude and for every
8° decrease in latitude there is

doubling of the incidence of non-
melanoma skin cancer. It is clear
now that erythema (the reddening of

Relative Annual Damaging UV Radiation
D

Dr DDy x De Dy X B
OzONE LATITUDE HEIGHT AVERAGe ALBEDO AMOUNT OF

CONTENT CLOUD . AEROSOLS
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Table 6. Changes in tracepees aad climiatie consequences

Oe

Mixing ratio by volume Ozone -
Global . warming

CO, CH, N,O Fil Fi2 content CO, CO,+
(ppm) (ppm) (ppm) (ppb). (ppb) change Alone Other

*

Bases

1940 300 «1.4CCti
- 330 1.5 0.3 01 017 +1

2025 (500) (2.1) (0.45) (0.5) (0.8) -6.4
2050 (600) 3.3) 0.7) 7) 1.5) -6.5 +42.0°C $3. 6C

affects plant life.
reduce exposure of their living cells.
to sunlight through protective body
covering and behavioural responses.

Changes may occur.

the skin by sunburn) is the visible
evidence of skin burn that ultimately
leads to skin cancer. -However,
the response of the human skin to
radiation depends on many other
factors pigmentation, age, sex,
location, clothing, life style, etc., and
perhaps also to genetic characteri-
stics. Nevertheless, as a crude esti-
mate, there would be an increase of
100 per cent in incidence -of skin
cancer from a 25 per cent reduction
in ozone.
The increased UV radiation. also

Animals can

Most plants, on the other hand,
have specially evolved to expose
their tissues to sunlight.
plants, increased UV radiation can
be particularly damaging. Damag-
ing effects have been observed in
growth, composition and function
including photosynthesis in a large
variety of plants,. including impor-
tant crops such as soyabean. Of
about 100 species monitored, appro-
ximately 20 per cent showed sensi-
tivity to increased UV-B doses.
Perhaps the most important con-

sequence of large-scale global deple-
tion is possible climatic change.
must point out here that we are
talking about climate, not ofweather.
There are several ways climatic

Firstly, the
fluorocarbons themselves are green-
house molecules-this was first
pointed out by an Indian scientist, V.
Ramanathan of National Centre of

'FEBRUARY 1982

pospheric ozones.
I have given, you so far is that the. us evidence of any long-term change.

Thus for-

Atmospheric Research, USA. He
showed that a doubling of fluoro-
carbons will. warm the globe by
$°C. This looks small, but in fact is
a very important change, Secondly,
ozone in the stratosphere and
ozone in the troposphere affect cli-
mate differently. And this brings
us to another aspect of ozone pollu-
tion-that of deforestation and other
ecological changes in changing tro-

The impression

only source of production of ozone
is the sun. This is not entirely true.
:Methane is also a big producer, and
methane is produced copiously by:
water-logged paddy fields and one
may not believe it, by termites.
Each molecule.of methane can pro--
duce 2-3 molecules of ozone. How-
ever, this is so only if there 'are

enough nitrogen oxides present.
Forested regions abundantly produce
nitrogen oxides. Thus deforestation
has the extra affect of changing
tropospheric _ ozone.
spheric ozone can substantially
change radiation balance.
Reverting back to the climatic -

effect of ozone, we should remember
that in the atmosphere there are
several constituents of climatic inte-
rest-the one generally and mest.
frequently referred to is CO, , but
others are CH,, N,O, and CFCs as
well as ozone. Gradual global war-
ming with time is the. combined
effect of all these constituents and
not of CO, alone. Trends of chan-
ges of these constituents during the.
last decade as well as predictions for
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'And tropo-

the future are available. One such
calculation is given in Table 6.
While the estimated global warming
by 2050 A.D. by CO, alone is 2°C,
if we are to consider the increases

Year

in the other constituents by that
time, the resultant warming is 3.6°C,
'Le, 80% larger.

What are we doing about all this1975

'in India? The India Meteorologi-
cal Department has for years measu-1

red ozone at several places (Fig.12).
There has been a good deal of inten-
sification of this work recently. We
have examined all these and have
come up with what. we call a Refe-
rence Ozonosphere over India. So
we know what an unperturbed
nosphere looks like over India. We
have also set up about a year ago an
equipment that directly monitors
solar ultraviolet radiation continuou-
sly at wavelengths which are biolo-
gically damaging. This should give

in this radiation. We plan to. put .

such equipment at different locations.
We should put one at a very low
latitude-perhaps.-at Trivandrum
"The erythemal dosage is. two times
Jarger at Trivandrum than at Delhi.
"There is some work on changes in. .

skin pigmentation andon desert
plants, and work on changes in
photosynthesis rate s beginning.
Whether or not large-scale changes
of tropospheric ozone due to defore-
.station affect monsoon systems has
not been examined. It is not un-
likely.

(short for Middle Atmospheric Pro-
gramme) in which India is a major
participant. One point we must
remember is that near the equator
the protective ozone thickness, has
@ relatively stable minimum value
and the noontime elevation angle
of the sun
erythemal. dose at UV-B is high.
-We in India are thus particularly

ozone,vulnerable to . large-scale
changes.

All this will be examined in.
great detail in a forthcoming inter-
national programme called MAP

is high and thus -
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HE energy that is in the wind
has been recognised by Man

since time immemorial by its effects
upon his environment. -It was only .

telatively recently. that he has taken
steps to harness some of that energy
for his benefit. The earliest known
use of wind energy was for the pro-
pulsion of boats and ships using sails.
Another comnion .use of wind

energy was the windmill used to grind.
corn'and lift water. In thesemachines,
the energy of the wind was converted
into a rotary motion which provided
a stationary source of power.

Sources of energy. and some compari-
sons

Wind energy is actually an offshoot
of solar energy-it is indirect solar
energy since the differential heating -

of earth's surface by the sun causes.
convection currents and winds on-a
global scale. Likewise fossil fuels are
solar energy locked in over the mille-
nhia in sub-surface geochemical subs-
tances. Geothermal and ocean-wave
energies are also basically solar in
origin. Tides are caused by the gravi-

. tational effects of the sun and the
moon and result in the periodical
movement of large masses of water..
Nuclear energy has its origin in the
.tadioactive behaviour.of certain ele-
ments. Presently, . techniques . are
available for the generation of. power
only by nuclear fission; the process of
nuclear fusion has vastly greater
potential but requires containment
at very high temperatures and pres-
Sures to initiate- and maintain the
fusion process, and is beyond the
capabilities of today's technology:
-.A comparison of the various

sources of energy is presented in
Table 1- An important factor to be
considered in the choice among
various sources is their effect upon the
global ecosystem. It is well-known
that fossil fuels are the greatest
polluters of the atmosphere.
in recent years, the increasing use

of motor-cars and diesel-driven

ELECTRICITY
FROM

THE WIND

Today's wind energy conversion Systems can generate upto

almost limitless

S. G.

vehicles and power stations using coal
or oil has discharged millions of
tonnes of carbon dioxide and other
noxious gases into the atmosphere.
The simultaneous widespread de-
forestation has reduced earth's capa-
city to convert CO, into.oxygen by
photosynthesis and a net increase in
atmospheric CO, is suspected, with
attendant global effects upon the
polar ice-caps and wind and weather
patterns. It is therefore important to
consider the.development of energy
sources that cause the least damage to
the ecosystem; and wind energy is
one such source.
Nuclear energy is a virtually in-

exhaustible source but causes severe
environmental problems by the ther-
mal pollution of large bodies ofwater
and the disposal of nuclear wastes..
Typically, 68% of the reactor heat is
Tejected as waste heat into the cooling
waters while low-level radioactive
materials with half-lifes of around 10
years are discharged into the atmos-

-5 megawatts of pollution-free, clean power, and the resource is

VOMBATKERE

phere and the cooling waters. The
effect of this upon the ecosystem has
not been assessed nor has the disposal
of 'high-level' radioactive wastes or
the demolition of 'dead' reactors been
considered even in the advanced
countries.
The sun pours an unbelievable

quantity of energy upon the earth-
the absorbed power is of the order of.
1018 kWh per year. Of this, approxi-
mately 2 x 101? kWh/year is converted
into wind power. But like the other
'low-grade' energies such as solar,
tidal and ocean-thermal energies, it
is difficult to store wind energy or to.

convert it into an easily transmissible
form.
The uses of wind power being tried

out at present include propulsion,
lifting of water as an energy-storage
scheme or for irrigation. and small-
scale generation of electrical power.
The possibility of saving conventional
fuels in the propulsion of large ocean-
liners by using sails is being explored.

- Lt. Col. Vombatkere ts in Indian Army Corps of Engineers, at Chief Engineer's Office, South Zone, Island Grounds, Madras 600 009
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Fig. 1. Wind energy conversion systems
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Table 1. Comparison of sources of energy

No. Source of energy Reasonably assured Estimated total global If continued to be used at Remarks.
resources resources the present rate

1. Ojil* 360 billion tonnes 448 billion tonnes Proved reserves will last for The rate of use is likely

2 Natural Gas

3 Coal* Not available

4 Wood Not applicable

540,000 tonnes5 Uranium

- 6 Hydro-electric Not applicable

7 Geothermal Not applicable

Not applicable8 Solar**

9 Wind Not applicable

10 Waves** Not applicable

11. Tidal** Not applicable

Difficult to estimate
30 years

Difficult to estimate Proved reserves will last for
53 years

7.6 to 12 trillion
tonnes for .1800 years

Renewable resource

Proved resources will last4290 million. tonnes
till about end of this

to increase.
The rate of use is likely
to increase.

Proved reserves will last Research is being conducted
to extract oil from coal.
Threat of desertification. due
to deforestation.
Besides disposal of waste, there
are military problems.

century

nitely
Potentially limitless

Unlimited resources

Unlimited resources

Unlimited resources

Unlimited resources

Resource will last indefi- Site development often severely
disrupts local ecology.
Use is likely to increase. Pri-
mary use m combined heat
and power schemes.
Use is likely to increase especi-
ally in space and water heating.
Large-scale generation not yet
feasible.
Use is likely to increase both
for electric generation as well
as for irrigation pumping.
Technology is mostly in the
experimental stage. Use may
increase
Use. is likely to increase. Econo-
mic and Environmental cons-
traints have to be overcome.
Technology is well developed.

*Causes atmospheric pollution.
**Causes no pollution.
Note: This table has been adapted from Atlas of Earth Resources by Mitchell Beazley; Mautchell Beazley; Publishers: Rand McNally
and Co., 1979.

In many of the less-developed count-
ries, the popularity of windmills for
irrigation is on the increase. The use
of windmills to generate large
amounts of power is still not deve-
loped except in a few countries, but
the rising cost of petroleum products
may cause wind power to become
relatively cheap in the not too distant
future and encourage more countries

Wind energy conversion systems
A wind energy conversion system »

(WECS) consists primarily of a wind-
turbine mounted upon a tower. Here
the kinetic energy of the wind is
converted ifito a mechanical rotary
motion which can be used to do 'work.
Equipments such as gear-boxes,

SCIENCE REPORTER

speed-control devices, safety devices
and electric generators may be
mounted on the towe1, forming part
of the WECS.
Modern wind-electric generators

range in power from as little as 200
watts to as much as 5 megawatts;
from 8-metre high towers with 5-
metre diameter turbines to 60-metre
high towers with 60-metre diamete1
turbines-enough to discourage any
modern-day Quixote! (See Table 2).
The height of the tower and the

diameter of the turbine are designed
based upon the wind-regime in the
area of installation and the power
requirement. It is known that the
higher one goes, the more steady is
the wind (gustiness being a function
of surface-roughness) and the greater

is its velocity. The diameter of the
blade circle of the turbine is dictated
by the average wind velocity avail-
able and the wind-spectrum. The
power available from the wind is

dependant upon the area of the blade
circle, the cube of the wind velocity,
and the density of air.
As early as 1927, it was shown by

A. Betz of the Institute of Gottingen
in Germany that a wind-turbine can
convert a theoretical maximum of
59.3% of the kinetic energy in the
wind in its-blade circle to mechanical
energy. Considering Betz's factor of
59.3% and taking the efficiencies of
actual wind-turbines, their drives,
gear-boxes,control systems and elec-
tric generators, an overall efficiency of
about 40% is practical.

to turn to it.
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In practice, wind-turbine efficiency
is measured by the ratio of the blade-
tip speed to the wind speed The
aerodynamic behaviour of the turbine
IS very similar to that of the rotar
blades of a helicopter As in the case
of helicopter blades, the product of
the rpm and the diameter m metres
of the blade circle 1s kept below 6300
so that the blade-tip speed does not
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Fig. 2. Wind energy conversion systems

exceed the speed of sound in air
(about 330 m/sec.)
Another effect of the 'tip-speed

ratio' is seen in the number of blades
used in large wind-turbines. The
larger the number of blades, the
lower is the efficiency due to inter-
ference of the rotating blades with
the windstream One-, two-, and
three-bladed turbines are usually

83

used; each have their own peculiar
advantages and disadvantages. A
single-bladed turbine causes counter-
weighting problems, a two-bladed
turbine eases counter-weighting prob-
lems but causes forces due to gyro-
scopic action; the three-bladed
machine overcomes these problems
but suffers from a lower efficiency.
PC. Putnam, the designer of the
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Table 2. Some large wind-electric generators

No. Location and year of construction Ratedpower in Number and Height of the Type of the tower
kilowatts diameter of the tower

turbine blades

1. Yalta, U.S.S.R., 1931 100 3 30 m Pivoted base with inclined strut
35 m

2 SMITH-PUTNAM, Vermont, U.S.A., 1941 1250 2 42m Fixed base steel tower
53 m

3 Stuttgart, F.D.R., 1959 100 2 2im Guyed steel tower
34m

4 Sandusky, Ohio, U.S.A., 1976 100 2 30 m Fixed base steel tower
38 m

5 Tvind, Denmark, 1977 2000 3 53m Fixed base RCC tower
54m

6 DOE-NASA, (Mod OA) Clayton, U.S.A., 1978 200 2 30m Fixed base steel tower
38 m

7 KMW-ERNO Nasudden, Gotland Is,. Sweden 2000 2 80 m Fixed base RCC tower
75m

8 GE (Mod !) Boone, U.S.A., 1978 2000 2 41m Fixed base steel tower
; 60 m

9 Boeing (Mod 2) DOE-NASA, Goodnoe Hills, 2500 2 60.9 m Fixed base cylindrical steel
Wash., U.S.A. 91.4m "tower

10 Nibe (A and B), Denmark, 1980 630 3 4im Fixed base RCC tower
40m

11 GROWIAN I and IT, West Germany, 1981 3000 2 96 Fixed base guyed cylindrical
100 m steel tower

world's first megawatt range WECS
(see Table 2), has reckoned that the
minimum average wind velocity re-
quired for the economic generation
ofwind power is around 8 metres per
second, while 12 metres per second.
average annua] velocity at a site will
give good results. The minimum
wind speed at which a turbine is

designed to cut-in, the wind speed at
which it generates its rated power
and the maximum wind speed beyond
which power has to be spilled and the
turbine protected from damage, de-
pend upon the wind-regime obtaining
at a site. A steady wind is better for
generation than a gusty wind which
may produce high but unusable
peaks of wind power. The selection
of a suitable site and the exact loca-
tion of the turbine has to be care-
fully made based upon observations.
of wind velocity and duration (pre-
ferably continuously recorded) over
a period of years. The selection of
the site has to take into account local
topographical features, vegetation
density and type, ease of approach
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for erection of the windmill and the
proximity of electric transmission
lines if power is to be used for the
local. grid.
The best sites for wind power

generation are coastal or offshore
sites (see also S.R., August 1971).
With mountainous areas close to the
coast, one gets the advantage of
steady winds from the sea (sea-winds
are notably less gusty then winds
inland) as well as increased velocity
due to the channeling of winds by
topographical features. Mountain-
ous areas which may be far from the
sea coast are the next-best sites while
inland plains are the poorest. Also,
typically, temperate zones are better
than the tropics for the purpose of
usable and advantageous wind-re-
gimes. Fig. 3 shows a wind map of
India.
Unfortunately, the use of wind

energy on a large-scale being still in
its infancy, wind-observations for
power generation are few and far-
between and are either unreliable or
unsuited to power-generation esti-
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mation. Further, the wind-regime of a
site may be quite unlike that obtain-
ing at a meteorological station only a
few kilometres away. This makes
detailed site data difficult to obtain
reliably. Wind being a random phe-
nomenon, it would -be impossible to
assess wind-power availability defi-

nitely and resort must be had to
methods based on the theory of
probability as applied to random
natural phenomena, especially where
wind data is inadequate. Such
methods are called stochastic
methods. Today, stochastic methods
are being applied to determine wind-

regimes from available wind data.

Design problems

WECSs today involve large loads
aloft a tall tower. As a rough guide,
the weight of the machinery aloft is

about 110 kg per rated kilowatt. For
a WECS of 2000 kW rated capacity,
the weight of the machinery aloft
will be of the order of 200 tonnes.
Such a load of rotating machinery
on the top of a high tower presents
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special problems of design. Some of
the loads which are to be assessed in
order to determine the dynamic be-
haviour of the tower structure are: .

(i) Dead load of the machinery
"aloft;

(ii) Dynamic load of the rotating
machinery, i.e., turbine shaft
at low r.p.m. and gear-box and
generator at high r.p.m;

(iii) Rolling moment at the top of
the tower due to the rotation
of the machinery aloft;

(iv) Wind load upon the turbine a
an axial load uon its shaft, and
its variation due to wind gusts
or change in the yaw-angle;

(v) Pitching moment at the top of
the tower due to the rotating
turbine blades periodically
entering into the wind-shadow
of the tower;

-(vi) Pitching moment at the top of
the tower due to variation of
wind speed at the extremes of
the blade circle;

(vii) Gyroscopic force upon the
tower (in the case of 2-bladed
turbines) due to change in wind
direction;

(viii) Wind load upon the tower
structure.

In the assessment of the loads it
must be noted that wind is a random
phenomenon and the rules of sto-
Chastic analysis have to be applied in
each case.
Wind-turbines may be classified

into two main types, viz., the vertical-
axis and the horizontal-axismachines. .

Figs. 1 and 2 show a few types of
WECSs. The Savonius rotor can
have a vertical or horizontal axis but
it suffers from a low efficiency. The
Darrieus rotor is a vertical-axis
machine which has good perfor
mance at high wind speeds but is not
self-starting. The blades for a Darrieus
rotor are curved aerofoil sections and-
their cost is therefore high. A combi-
nation of Savonius and Darrieus
rotors has been proposed to over-.
come the starting problem of the
latter. The propeller-type roter is to-
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12°

< 5KMPH
5~10KMPH
10-15KMPH
> 15KMPH

day the most common and well-
tried, all the large WECS are hori-
zontal-axis propeller machines.

The vertical shaft machine has an

advantage over the horizontal shaft
machine because the drive can be
taken to the ground without gear-
box losses encountered in changing
the direction of rotation of a hori-
zontal-axis machine. In order to
overcome this
WECS carry the generator with the
other machinery aloft and take
electrical power to the ground using
slip-rings.

The world's largest WECS is at
Tvind in Denmark. This is a hori-
zontal-axis machine on a 52.5 metre

problem, modern

high reinforced concrete tower with
a 3-bladed, 54-metre diameter tur-
bine. Each blade weighs about 5

tonnes and is made of fibre-glass.
Started in May 1978, it is rated at
4x 10° kWh year.

The r.p.m. of a large-diameter
wind-turbine is, of necessity, low. At
the same time, efficient electric gene-
rators require a relatively high r.p.m.
of the order of 1000 or so. A gear-
box to raise the r.p.m. of the turbine
shaft (which is typically about 40

r.p.m.) to match the generator requi-
rements is interposed between the
turbine and the generator. Since the
turbine speed has to be maintained
constant within certain limits due to

SCIENCE REPORTER
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DIRECTION :

OF MOTION
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As
ROTATING

SHAFT
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OPERATING POSITION SHOWN
IN FULL LINES FEATHERED
POSITION IN BROKEN LINES.

the characteristics of the generator,
governors and servomechanisms are
used to. regulate the. pitch of the
turbine blades.
When the wind speed exceeds the

maximum permissible design speed,
the blades have to be feathered by
changing their pitch so that the wind.
produces no net lift force on the
blades, rotation ceases, and excess
wind power is spilled to avoid damage
to the turbine or tower (see Fig. 4A).
An alternative method used is to tilt
the entire nacelle (this is the name
given to the structure which houses.
the machinery and the shaft) out
of the wind about a horizontal axis
and/or to, use a brake to avoid
damage. This safety device is essential
for protection against storms and
cyclones.
Gusts of wind can have speeds

which are several times the steady
wind speed. These gusts can cause an
increase of 10-20 times of. the load
upon the blade at its root. In order to
reduce the stresses the blades may be
allowed to 'cone', i.e., the blades are
free to rotate to form a plane circle

. and with increases in wind velocity,
from the curved surface of a cone
(see Fig. 4B). Many WECS have the
rotor mounted downwind of the
tower so that coning can be allowed
without an unduly long cantilevered
shaft. The angle of coning which may
be automatically adjusted to suit the
wind velocity, also. introduces a
degree of stability in yaw to the wind-
mill.
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Fig. 4-A. Plan view of a blade at top position showing operating and feathered condition

Environmental impact
Large-scale employment of WECS.

envisages the deployment of arrays
or batteries of wind-electric genera-
tors in conjunction with other sources
of power such as solar or conven-
tional power. Such large-scale appli-
cations will certainly change the
landscale to an appreciable extent.
The proponents of such schemes,
however, argue that if people have
accepted the present day high tension
electric pylons, they will also accept
the sight of windmills on the land-
scape. But there are some problems
in the use of arrays of windmills in
the form of noise due to the rotating
blades and its effect on the existing
pattern of bird-life.
Man has always strived to obtain

energy in various forms. Today, life
for the majority of mankind has be-
come heavily energy-dependent in one
way or another and scientists and
engineers are applying their know-
ledge and resources in their quest for
-the dream of cheap and plentiful
power. But between the dream and
the reality lie a myriad of complex
technical, social, economic and en-
vironmental problems which put the
inventiveness of the human mind to
test. This is not a task solely for the
scientist or the engineer but as much.
for the administrator, the economist
and, most of all,-for the common
man. ©

Indian work
Some work has been done in India

on the harnessing of wind cnergy.
~

Considerable research work has been
carried out at the National Aero- .

nautical Laboratory (NAL), Banga-
lore. However, the accent has been
on small machines meant primarily
for direct use in pumping of ground
water for agriculture. These are low-
speed. windmills of power less than
1 kW. The NP-2 windmill was deve-.
loped by NAL during the early
1960's, with a 12-vane rotor 4.8
metres in diameter. A multipurpose
machine (called MP-1) is being deve-
loped, using a 7.5 metres diameter
rotor. Recently, some private firms
have entered this field with foreign
collaboration and are manufacturing
small windmills for use as power
source for isolated installations such
as wireless repeaters, DF aids, etc.
To date, work on large WECSs has
been negligible,
Government has recently formed a

high-level technical commission
(Commission for Additional Sources
of Energy ot 'CASE') with the best
of the country's men from the field of
energy management in order to

investigate and exploit the various
sources of energy for the benefit of
the community. Even though wind-
regimes in India are not very
favourable for large-scale electric
power generation except in
certain coastal and mountainous
areas, the use of wind energy
for direct pumping of water for irri-
gation is quite feasible. More re-
search needs to be undertaken in this,
field to suit the available technology
to Indian needs so that this valuable
source of energy is not lost. Liberally
misquoting the old saying, "It is a

good wind that does no ill".

Further reading
1, Putnam, P.C.; Power From the

Wind, Van Nostrand (1948).
2. Putnam, P.C.; Energy in the

Future, Macmillan (1954).
3. Golding, E.W. and Harris,

R.I.; The Generation of Electri-
city by Wind Power, E. & F.N,
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tiny bar magnet.
-a uniform magnetic field, it would

number.

'
mostly concerned,
(H), 'the

-hydrogen.

S.M. VERMA

UCLEAR magnetic Jreso-

nance spectroscopy (NMR)
is today one of the most fascinating
tools for the determination of mole-
cular structure. It has applications
in all spheres of science concerned
with the electronic molecular struc-.
ture of materials and reactivity of
molecules in solution. Its advan-
tages over other physical techniques
lie in its wide applicability in explor-
ing the minutest details of molecular
structure and ease of obtaining .

Spectra. and their interpretation.
One indispensable application of
the NMR spectroscopy is in the
study of rapid processes that occur
in organic molecules.

The 'nuclear. magnetic resonance
spectrum

Nuclei of certain atoms are known
to possess a mechanical spin or -

angular momentum. A spinning
nucleus may be considered as a

When placed in

assume (2I+1) discrete orientations
where I represents the spin quantum

Some of the nuclei which
have been employed for resonance
studies are 7H, °F and 3p;
all of #hem possess a spin value of
1 restlting in two orientations in a
magnetic field. One of these nuclei
with which organic chemists are

-is. the proton
nucleus of ordinary

In a strong magnetic field, these
nucleican be aligned in either of

- orientations, Fig. 1). Alignment
MMMM the maghetic field (a-state) is
more stable, i.e., it is a lower energy
state and energy must-be suppliedo flip the tiny proton magnet over

partcular nucleus.
to the frequency v at which a

their 'internal architecture

o the less stable alignment against
the field. Reciprocally, energy would and observe the frequency at which
be emitted from B-state when it
changes over to the more stable
a-orientation. The transition of a
proton from one orientation to
anothermay be effected by absorption

Techniques are available for the study.of various types of
motions within organic molecules which provide clue to

dily changing frequency through i
the radiation is absorbed.- For pro-
'tons in a magnetic field of 14,000
gauss, this frequency lies in the radio
frequency region of about 60 mega
hertz (MHZ). Transition between

DYNAMISM I
ORGANIC

MOLECULES»
or emission of a discrete amount of
energy and this flipping process is
known as resonance.

The difference

proportional to the applied magnetic
field (H,) and is given by the
expression,

constant and v is the gyromagnetic
ratio, a constant characteristic of. a

QE is related

AE = hy, "Hence, TH.
In principle we. could place a sub-
stance in a magnetic field of constant
strength and pass radiation of stea-

in the energy
(AE) between the two states is

2
o, where h is Planck's.

the energy tevels is also possible by .

keeping the frequency constant and

varying the magnetic ficid over a
small range.

In an organic molecule, some

hydrogen nuclei happen to be in-
regions of greater electron density.
than others. As a result these

protons absorb at slightly different

frequencies (or at different magnetic .

vb HE=
field strengths).
or the field strength at
proton resonates depends upon the

magnetic environment of that proton.
In NMR spectrometer

The exact frequency

Dr. Verma is Prof of Organic Chemistry at Banaras Hindu University, Varanasi-221005,

which a

the reso-
nance frequencies are amplified and

- displayed as a signal (a peak or &

series of peaks) on a strip of cali-
brated chart paper (Fig. 2). -The

-

position of the signal is characteristic
of the type of hydrogen atom in the

Molecule.

the two ways-with or against the -

the equation
particular proton resonates by

exteral magnetic field (a and B

with

rey



DIRECTION OF MAGNETIC
* FIELD

Fig 1. (Left) Sponsoring charge in nucleus

generates a magnetic field with a magnetic
moment, }, directed along the axis of

spin; (Right) Two orientations of a nucleus

in a magnetic field.

Magnetic equivalence or non-

equivalence of hydrogens is funda-
mental in NMR spectroscopy because
it affects the number of peaks in
the spectrum. There is a direct
relation between the number of
peaks and the different types of
hydrogens in a compound. For
example, acetone (CH,COCH,) has
all the six protons equivalent
and only one signal is observed.

p-xylene (CH,-C,H,-CHs)
two types of hydrogen and the

compound displays two peaks in
its NMR spectrum (Fig. 3).

Rate processes in organic molecules
and NMR spectra

The total energy of a molecule
is directly related to its geometry.
For example, in ethane, C,H,, the
molecule will adopt the minimum

'-@Mergy geometry available to it by
rotation about the single C-C bond.
The various geometries a given
molecule can attain by bond rota-

'Conformations'.tion are called
Rotational processes are best
interpreted in terms of energy, and
usually a-molecule has more than
one minimum energy geometrywhich
are stable and interconvertible (for
example, the staggered conformations
anti and gauche of n-butane are
shown in Fig. 4). The excess energy
of the transition over that of one
of stable conformers is known as
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ehergy of activation CAB which
assumes a very important role in
the rotational phenomena. If AE
is very small, say. about 400 cal/
mole of less at room temperature,
the rotation is said to be absolutely
free and the interconversion of the
conformers will be very fast. In
cases where AE is greater than

20,000 cal/mole (20 K cal/mole),
then at room temperature the rota-
tion is practically frozen out; if AE
is of some intermediate values, the
rotation would be. neither comple-
tely free nor completely frozen out
but is restricted. Some of the
common rapid processes in organic
molecules are shown in -Fig. 5.

Professor J.D. Roberts of Cali-
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- fornia Institute of. Technology ~has

described the NMR spectrometer as+
unusual among other instruments
used to study molecules through the
absorption of electromagnetic
radiation in that it acts like a camera
with a slow shutter speed. The
'shutter speed' here is commonly
about the same as in a conventional
camera having an exposure time
of a 100th of a second or so. When
the NMR spectrum of a molecule

undergoing a rapid motion or reac-
tion is taken, the result is something
like taking the picture of a turning
spoked wheel with a box camera.
If the wheel turns only once a

minute, a photograph
at 100th of

a second will show the individual

OORIENTATION

hy

B-ORIENTATION

Ho

SIGNAL

LOW FIELD HIGH FIELD
FREQUENCY IN Hz or MAGNETIC FIELD IN MILLI GAUSS

Fig. 2

2CH

CeH4 Me
H
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single bonds shows an
environment.

60 120° 1 80° 240 300° 360.

Fig. 4

spokes without much blurring. On
the other hand if the wheel turns
100 or more times a second then the

photograph does not show the indi-
vidual spokes at all, but only the
average outline of the rim and hub

the border to the gray of the

spokes. Pictures showing blurred
individual spokes result only when
the wheel is turning neither very
rapidly nor very slowly in relation
to the camera shutter speed.

At room temperature groups
connected by carbon-carbon single
bonds rotate very rapidly and the
NMR spectra of the compounds with

average
In case of ethyl

iodide in the staggered conformation,
H* should be different than the two
Ha protons..The methyl protons
€H,, of ethyl iodide give a single
signal (that is, split into a triplet by
spin-spin interaction with the two
adjacent hydrogens) because the
group rotates appoximately one
million times per second. The
shutter speed of the NMR spectro- .

meter is too slow to photograph
this rotation; instead it photographs
the methyl hydrogens in their average
environments. However, it is
possible to slow down the rotation
about single bonds with bulky substi-
tuents and by lowering the tempera-
ture.

ROTATION ABOUT SINGLE BONDS

SCIENCE REPORTER
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Rotation about
slows down as the temperature is

- lowered. Sometimes this slowing of
rotation allows usto see the different.
conformations of a compound when
the spectrum is recorded at a suffi-
ciently low temperature. This is

exactly what happens in the case of
cyclohexane.
cyclohexane C,H,, shows a single
signal indicating that all the twelve
protons are equivalent, but below
- 67°C two sets of absorption bands
are observed, one for axial and the
other for equatorial protons. In this

way it has been possible to estimate
that for cyclohexane,
chair-chair interconversion is about
10 times per second at - 67°C and
about 160,000 times per second
at 25°C,

When the barrier hindering rota-
tion is a formal covalent double
bond as in case of methyl styrene,
the isomers can be isolated as cis
and trans isomers of olefins. The
two hydrogen atoms Ha and Hb
show two resonance signals in both
the isomers of C,H,CH =CHCH,
which are characteristic of the cis
and trans configuration.

When the rate of rotation about
a single bond is intermediate between
that of rotation about a single bond .

and of severely hindred rotation
about formal double bonds, the

NMR spectrum usually consists of
a superposition of spectra resulting -

from two or more rotational isomers .

in equilibriumthat are present

PROTON EXCHANGE

OH.

Degenerate Volence Isomerization -

. and
intramolecuiar Rearrangements:
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formamide

H

CH,

5

(3)

4
PPM (6)

3

'Fig. 7

One of the most thoroughly investi-
gated examples of this phenomenon

bond in simple amides. Resonance
theory predicts that this bond has
considerable double bond character.

-The spectrum of N, N-dimethyl
at room temperature
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(Fig. 7) shows two different reso-
nance signals for the methyl groups,

C-N The two peaks clearly indicate that
two methyls (a and b) are not equi-
valent and the one which appears
upfield is assumed to be trans to
the formyl proton... When the tem-

perature is raised, the rotation about

OF

, exchanges.

C-N bond increases and the two
Signals start approaching each
other. The variable temperature
NMR spectrum (Fig. 8) shows that
the two N-methyl signals are separa-
ted by 10Hz at 30°C, 6Hz at 92°C
and 4Hz at 109°C and coalesce at
111°C toa single absorption signal.
At elevated.temperatures, the methyl

Ha Ha

groups become magnetically equiva--
'lent because of rapid rotation about(2)(1)
the C-N.bond. The energy barrier
determined about this bond at room

Hb

temperature is about -21 Kcal/mole.
The rate of collapse of the signals

of chemically equivalent protons in
different conformations with tempe-

6 5
6 5

Ha CH
rature is a measure of the involved

-Ha Hb 3)
TRANS

energy barriers to conformational
Hence the rate constants ©

(Continued on page 122)

CIS

CH
CH \+

5

3.
3

N =. C

CH
CH

(4)3

Fig. 6
125

t

a

S t
j i

109

7 2 1 0

GD

1+10 Hz
is the hindered rotation about

Fig. 8. Behaviour of N; N-dimethyl signals
of N, N-dimethyl formamide at different

temperatures
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sors is called gluconeogenesis.
pending upon the situation, it repre-

T is well-known that. animals

depend upon plants for their

supply of carbohydrates in food.
Plants make carbohydrates from car-
bon dioxide and water through a

process known as photosynthesis.
Surprisingly enough, there are situa-
tions in which animals too can make

carbohydrates in their body.
production of glucose in the animal

body from non-carbohydrate precur-
De-

sents an important metabolic adapta-
tion or a metabolic aberration.
The principal metabolic fuel. of

the brain is glucose. Gluconeoge-
nesis ensures glucose supply to this
vital organ during a short dietary

The

glucose to lactate (anérobic glycoly-
'-sis), and are unable to oxidise lactate
completely through the oxidative
pathway (Krebs cycle). Carnivorous
animals have to produce glucose in
their body even when on their normal
food because the amount of the poly-
merised glucose (i.e., glycogen) pre-
sent in the flesh of their prey is small.

Unfortunately, these animals have
been little studied in relation to

glucose need and carbohydrate intake.
On the other hand, ruminants have
been studied in detail because of the
economic importance of the. dairy
industry. It is now known that they
rely constantly on glucose production
in their body, since glucose derived
from hydrolysis of cellulose of grass

coneogenesis, but
appears to be related to glycerogenesis

a catabolic (breakdown) pathway for

many amino acids and becomes a

significant metabolic derangement in
two diseases, viz., diabetes mellitus
(insulin deficiency) and Cushing's
syndrome (glucosteroid excess), in
which amino acids are diverted to

glucose production rather than

protein synthesis.

Active organs

Liver is the major site of gluconeo-
genesis, with the kidney becoming an

important site during starvation and

Adipose and other tissues -acidosis.
contain some of the enzymes of glu-

their function

or the replenishment of citric acid

HOW BODY FIGHTS
STARVATION

Gluconeogenesis is the production of glucose in the animal [body from tton-carbohydrate

precursors to ensure supply of glucose to various parts, particularly brain, during starvation

SANTA BANERJEE BASUDEB,PAL

supply of carbohydrates or of food as

a whole (starvation). In this sense,

glucose production in animal body
appears to be an essential life process,
because the activity of brain must be

maintained for sustenance of life.
When a carbohydrate is inadequate
in our diet, red blood cells, kidney
medulla and testis also are affected
as they depend upon gluconeogenesis
for their energy. These tissues derive
their energy from conversion of

and forages in the rumen under-

goes bacterial fermentation and is
not available for absorption into
the blood.
-Gluconeogenesis is involved in a

major way in the disposal of
(i) lactate produced by muscle.during
exercise, (ii) glycerol during. fat
mobilisation as occurs in starvation
and slimming, and (iii) 2-oxoglu-
tarate produced by the kidney in
metabolic acidosis. It also represents

cycle intermediates (anaplerosis).
Under most conditions, gluconeo-

genesis in kidney provides no more>

than 20% of the total glucose pro--
duced. During prolonged starvation,

however, renal gluconeogenesis
increases and liver gluconeogenesis
decreases with the result that the

kidney and the liver contribute

almost equally to glucose production.
Metabolic acidosis is probably the

major factor in increasing renal

Smt. Banerjees Research Fellow in the Deptt. of Biochemistry, School of Tropical Medicine, Calcutta 700073, Dr.

Head, Deptt. of Biochemistry at the same School.
Pal is Prof. and



NO acids.

Fespectively,

gluconeogetiesis during starvation.

Pathway

_ The pathway for glucose formation
in liver is shown in Fig. 1. Many of
the gluconeogenic reactions are iden-
tical to those of glycolysis; such reac-
tions are always close to equilibrium
so that the rate and the direction of
flow of residues can be changed by
variations in concentrations of sub-
strates and/or products. On the other
hand, reactions of glycolysis that are
non-equilibrium, i.e., those catalysed
by hexokinase (HK), phosphofructo-
tokinase (PFK) and pyruvate kinase
(PK) release a considerable amount
ofenergy as heat and therefore cannot
be easily reversed. These specific
'energy barrier' reactions must be
-bypassed in the gluconeogenic path--
way. The reactions catalysed by
hexokinase and phosphofructokinase
are both bypassed by hydrolytic
cleavage of the phosphate ester bond
by specific phosphatase enzymes,
glucose-6-phosphatase (G-6-Pase) and

. fructose diaphosphatase (FDPase),
respectively.. The pyruvate kinase

. bypass consists of-two separate reac-
tions-(a) carboxylation of pyruvate
to oxaloacetate catalysed by pyruvate
carboxylase (PC) in presence of ATP,
and (b) conversion of oxaloacetate
into phosphoenol-pyruvate catalysed
by phosphoenol-pyruvate carboxy-
kinase (PEPCK), also- called. PEP-
carboxylase (PEPC).

Precursors

-Quantitatively, the important pre-
cursors to gluconeogenesis are lact-
ate, glycerol and gluconeogenic ami-

Lactate is converted into
Pyruvate by lactic dehydrogenase and Glycogen synthetase, GP-Glycogen phosphatase, HK-Hexokinase, GK-Glucokinase, PFK-
enters the gluconeogenic pathway at > Phsphofructkinase, PK-Pyruvate kinase
pyruvate. carboxylase. Glycerol
enters the pathway by phosphoryla-
tion to glycerol phosphate and oxida-
tion to dihydroxyacetone phosphate,
catalysed. 'by glycerol kinase and
glycerol . phosphate dehydrogenase

In..1964, HLA. Krebs
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amino acids: in the gluconeogenic

ATP
ADP

«

Gluconeogenesis

Lactate,alanine,serine,glycine,hydroxyproline,
Aspartate cysteine, tryptophan
Valing
moleucine C09. Pyruvate
Glutamate ATP

EN

Threonine

Histidine PC
Proline PK ATP

Methionine GTP PEPCK ADPArginine
Oxaloacetate

GDPPhenylalanine
Tyrosine Phosph oenolpyruvate

2-Phosphoglycerate
PGLM

Serine
Glycine
Hydroxyproline

3~Phosphoglycerate
PGK

ADP
1, 3-Diphosphoglycerate

NADH
NAD Glycolysis

Glycerol , -Glyceraldehyde -3 Phospshate +dihydroxyacetone phosphate

AL
Fructose-1,6- diphosphate

FDPase PFK
Fructose-6- phosphate ATP

ADP ATP\¢ PGI

G-6-Pase

i

UTP.

UDP glucose
UDP

Glucose-6-phosphate Glucose
PGM

HK, GK
Glucose-1-- phosphate«

Glucose

PP

p
UDPGPP

Glycogen
GS GP

Fig. 1. The pathways of gluconeogenesis and glycolysis. The reactions common to gluconeo-
genesis and glycolysis are shown by arrows in the centre; reactions specific to gluconeogenesis
are shown on the left and those specific to glycolysis on the right. PC-Pyruvate carboxylase,
PEPCK-Phosphoenolpyruvate carboxykinase, EN-Enolase, PGLM-Phosphoglyceromutase,
PGK- Phosphoglycerate kinase, TPD-triosephosphate dehydrogenase, AL-Aldolase, FSPase-

f

Fructose diphosphatase, PGI-Phosphoglucoisomerase, G-6-Pase- Gluocose 6-phosphatase,
PGM-Phosphoglucomutase, UDPGPP-Uridine diphosphoglucose pyrophosphorylase, GS-

reviewed the available evidence and
concluded that all amino acids except
leucine can give rise to gluconeogenic
precursors. The entry points of the

a

pathway are shown in Fig. 1.
It has. long been known that the

amount ofammonia in urine increases -

when urine is more acidic. Ammonia
produced by. the renal tubular cells

SCIENCE REPORTER
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Jr. .of Harvard Medical

(GDH).

om

Malate Glutamine Mitochondrion Oxaloacetate
MG

NH,- GOAT
Malate - Glutamate Aspartate -----+-+» Aspartate

Fumarate NH. <

2 Oxoglutarate Malate

CCE

Succinate

Fumarate

Fig. 2. The pathways of gluconeogenesis and ammonia formation from glutamine in the kidney.
2-OAT-glutamine: 2-oxoacid aminotransferase, OA=Omega-amidase, MG=Mitochondrial
glutaminase, GOAT-Glutamic oxaloacetate aminotransferase, CGE-Citric acid cycle enzy-
mes, GDH-Glutamiec dehydrogenase

passes by non-ionic diffusion into
the tubular fluid where it reacts with
secreted H* ions permitting more acid
to be secreted. In 1966, G.F. Cahill,

School,
Boston, proposed that ammonia pro-
duction in kidney is regulated prima-
rily by gluconeogenesis. Glutamine
is the major substrate for ammonia-
genesis in kidney and is the principal
amino acid that is taken up from blood
at a faster rate during acidosis. Two
pathways have so far been identified
for glutamine catabolism in kidney
(Fig. 2): (a) Glutamine may be de-
aminated via a cytoplasmic system
involving transamination, catalysed

. by glutamine: 2-oxoacid aminotrans-
ferase (2-OAT) to give 2-oxogluta-
ramic acid which is rapidly hydroly-
sed to 2-oxoglutarate and ammonia
by omega-amidase (OA), also called
'glutaminase II system'; (b) the alter-
native route for glutamine deamina-
tion is via the mitochondrial gluta-
minase (MG), also called 'glutaminase
I system' to give glutamate and ammio-
nia, followed by oxidation of gluta-
mate by glutamate dehydrogenase

The second pathway

SCIENCE REPORTER

(glutaminase I-glutamic dehydro-
genase sequence) appears to be the
major pathway for glutamine cata-
bolism in the rat. The significance
of the first enzymatic system is not .

yet clear, although either pathway
of glutamine deamination would
provide suitable precursor for
glucose formation (2-oxoglutarate).
Resynthesis of glucose in the Cori's

cycle (Fig. 3) is a major route of.
lactate disposal in the body.
exercise, enhanced gluconeogenesis

During

limits lactic acidosis and maintains
the supply of fuel which can rapidly
yield energy under the partly anaerobic
conditions of a contracting muscle.
Following exercise, ATP consump-
tion in the liver for lactate gluconeo-.
genesis is a major factor in the
oxygen debt"

tetification of free fatty acids released
during exercise. It-is important to
note that Cori's cycle does not result .

ina net increase in glucose formation
in the body. Lactate formed by
glycolysis in blood cells, brain and
other tissues also contributes to
glucose. recycling which may repre-.
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phenomenon, part
_ ofwhichmay also be due to the rees-

sent 10%-339%, of glucose turnover
in a normal man.
Although under 'normal circum-

stances, glycerol is a minor contri-

OA2-OAT

aKeto. "Am no NH
buter.to gluconeogenesis in man andacid acid . OD3

other non-ruminants, its contribution
towards glucose production becomes
important during starvation, because

{

Cytosol Glucose QGlucose
4

triglycerides stores are large. .

Special role of alanine
4

Although almost ali amino acids
are potentially gluceneogenic, only
alanine, serine, threonine and glycine

teCE GOAT
Succinate GDH

give rise to significant amounts of
glucose n a perfused liver. These
amino acids are well utilised by the
liver in vitro and in vivo. It is probable

Oxaloacetate Oxoglutara te

'that gluconeogenesis is their princi-
_pal route of metabolism. Studies
in vivo have shown that the liver
takes up the extra amino acids enter-

ing via the portal vein during assimi--

lation of a protein meal -and that

glycogen is deposited in this condi-
tion. Gluconeogenesis increases
when plasma amino acid levels rise

due to breakdown of body protein
as in early starvation, insulin defi-

ciency or cortisol. excess. There is

much evidence that alanine is the

principal amino acid involved in

hepatic gluconeogenesis.
On the basis of the evidences avail-

able, P. Felig of Harvard Medical
School, Boston and L.E. Mallette of
Vanderbilt University School of

-

Medicine, Nashville, U.S.A. proposed

LIVER/ GLYCOGEN\
BLOOD BLOOD
GLUCOSE LACTIC ACID

1 MUSCLE
GLYCOGEN

Fig. 3. Cori's cycle
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almost simultaneously (1969-70) that
alanine functions in a metabolic

cycle analogous to the Cori's cycle.
This new cycle 1s known as "alanine
cycle', or is more aptly described as
"Glucose-alanine cycle", As out-
lined in Fig. 4, alanine is formed in the
muscle by transfer of amino groups
from amino acids to pyruvate. Pyru-
vate is derived from blood glucose
or muscle glycogen and amino acids
from the breakdown of muscle pro-
tein. Alanine is released by muscle
into the blood stream and is carried
to the liver where its nitrogen part
is converted into urea and carbon
part into glucose. Urea is excreted
in urine and glucose returns to the
peripheral tissues. From the intimate

GLUCOSE

relation between the oxidation of
branched chain amino acids and
alanine synthesis in muscle, A. L.
Goldberg ofHarvard Medical School,
Boston proposed in 1975 a "bran-
ched chain amino acid-alanine cycle"
involving transfer of the amino groups
of the branched chain amino acids
to pyruvate in muscle (Fig. 5), which
complements the glucose-alanine
cycle.
Although glucose-alanine cycle

(or branched chain amino acid-
alanine cycle) does not yield new
carbon skeletons for de novo glucose
synthesis, its importance relates to
& non-toxic alternative (alanine) to
toxic ammonia in the transfer of
amino groups from the periphery to
liver.

Gluconeogenesis in physiological and
pathological conditions

if we consider brief fasting, viz.,
fasting for 24 hr or so, the liver
Store of glycogen (75 g in a normal
70 kg man) is insufficient to provide
the glucose needs of the nervous
system (144 g ) and other glycolytic
tissues (36g). The additional glucose
requirement is met mainly through
formation of glucose from amino
acids mobilised from muscle protein
(75 g).
An increase in gluconeognenis
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Fig. 4. The glucose-alanine cycle

occurs after only a few hours of
fasting. It is in part due to a rise
in gluconeogenic amino acids parti-
cularly alanine in blood plasma.
The maximum rate of gluconeoge-
nesis observed on the third day
of fasting coincides with the maxi-
mum hepatic extraction of alanine.
It is currently believed that a fall in
insulin and a rise in glucagon in the

plasma are the primary events behind
themetabolic changes in brief fasting.

_ As the fasting continues from days
to weeks, the release of amino acids
from muscle and hepatic gluconeo-
genesis are reduced and consequently
brain's dependance on glucose has
to be curtailed. In prolonged fasts,
ketone bodies meet 75% of the energy
demand of the brain (25% is still
provided by glucose). The hepatic
glucose output of about 180 2/24 hr

during the first few days of fasting
declines to about 45 9/24 hr as star-
vation prolongs beyond that period.
Renal glucose production increa-

ses to 40 g/24hr. The stimulus for
the change might be the associated

95

acidosis. Kidney is changed from
an organ of alanine output to an
organ of alanine uptake. The
enhanced gluconeogenesis in the
kidney is accompanied by increased
ammonia production as shown bya
large elevation of urinary ammonia
commencing on the third day of
fasting. As expected from the
marked decline in amino acid gluco-
neogenesis in the liver, urea excretion
falls dramatically accounting for the
large overall decrease in the urinary
nitrogen excretion.
In brief, the metabolic response to

starvation is biphasic, the changes
in body fuel metabolism differing in
the early (upto 3 days) and late
(beyong 3 days) stages. The initial
response is directed at maintaining
hepatic glucose output by augmenting
amino acid gluconeogenesis, while'
the late response is conducive to the
maintenance of the body protein
reserve by minimising protein cata-
bolism. Conservation of protein is

©

all the more essential, as the loss of
one third to one half of body protein

SCIENCE REPORTER
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amino acids. for

stores results in death. Although the
changes in amino acid metabolism
observed in the early phase of starva-
tion is explicable on the basis of
known alterations in insulin and

YR ALANINE
glucagon secretion, the hormone
levels cannot provide sufficient expla-
nation for the transition and its
continuance in the late phase. Philip
Felig of the Yale University School
-of Medicine, New Haven, U.S.A.
had shown in 1975 that infusion of
ketone bodies results in a prompt
and specific fall in plasma alanine
levels. In addition, it is also known
that oxidation of branched chain
amino acids, the source of amino
group for alanine synthesis in muscle, .

is inhibited by physiological increase
in ketone bodies. These observa-
tions suggest that in prolonged starva-
tion, ketones not only replace glucose
as the major oxidative fuel for the
brain, but also contribute to protein

. conservation by limiting amino acid
(alanine) availability for gluconeo-
genesis.
Slimming. Slimmers avoid carbo-

hydrate foods as much as possible,
since excess acetyl CoA derived from
glucose can initiate by its own con-
-densation synthesis of fatty acids in
the body. Whether a slimming diet is
carbohydrate-deficient or is isocalori-
cally protein rich, a slimmer has to

'maintain his blood sugar level partly
through gluconeogenesis.
weight control by partial fasting, the

During

muscle proteins are depleted to
supply amino acids for glucose pro-
duction. A reducing diet regimen
rich in protein is therefore to be pre-
ferred, since in that case body proteins
will not be called upon to supply

gluconeogenesis.
However, because of the high cost
of protein foods, "slimming while
eating" is expensive. On the other
hand, unrestricted consumption of
protein may lead to synthesis of
undesirable amounts of body fat
through production of glucose over
and above the requirement. Proteins
may also directly stimulate fat

SCIENCE REPORTER
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Fig. 5. The branched chain amino acids-alanine cycle

synthesis by providing the precursor
of acetyl CoA, ie., pyruvate (after
deamination of amino acids). So,
in order to sustain the controlled body
weight, a person on diet should be
involved in some sort of physical
activity to trim off any incidental fat
accumulation.
Exercise. During exercise, because

of the partial anaerobic condition
in which the muscles contract,
glucose is incompletely burnt and
blood lactate level is considerably
elevated. In the recovery phase,
lactate is mainly disposed of through
the Cori's cycle and is converted
back to its original parent molecule,
glucose or glycogen. In the lactic
gluconeogenesis of exercise, both
liver and kidney cortex participate.
Apart from the stimulation of glu-
coneogenesis due to increased availa-
bility of lactate as a substrate, admi-
nistration of lactate to an intact
animal has been found to raise the

in liver which
stimulates pyruvate carboxylase.
The administration of lactate also
increases the citrate level in liver and
this would be expected to inhibit
PFK and hence lead to enhanced
gluconeogenesis due to stimulation
of fructose-diphosphate hydrolysis.
Diabetes. Enhanced gluconeo-

genesis is probably as important as
impaired peripheral glucose utilisa-
tion in the development of hyper-
glycemia characteristic of diabetes.

Perfused livers from diabetic rats

synthesise glucose from lactate. at
almost three times the normal rate.
Besides, it is long known that some
amino acids increase glucose excretion
in animals whose pancreas have
been removed.
The principal gluconeogenic subs-

trates utilised by diabetic subjects
are amino acids derived from muscle

protein or dietary protein. The levels
of gluconeogenic amino acids are
decreased in livers from rats with
diabetes, whereas the levels of bran-
ched chain amino acids, e.g., valine,
isoleucine and Jeucine are increased.
These changes probably reflect both
stimulated gluconeogenesis in liver
and enhanced proteolysis in liver
and peripheral tissues. ;

In brief, a major part of the hypo- .

glycemic action of insulin is due to
inhibition of amino acid gluconeo-
genesis.
on the liver to slow down glucose
synthesis through the gluconeogenic
pathway and at the periphery to
inhibit amino acid release. The

hepatic component is probably more

important because insulin does not

decrease the peripheral release of
alanine, the major gluconeogenic
amino acid.
Lactation. Additional burden is

placed on. gluconeogenesis by lacta-

tion, specially in ruminants. Gluco--
neogenesis is the major means by

(Continued on page 120)
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Specialisation of
design and methods of use which

- deviate from tradition. Examples of -

SCIENCE SPECTRUM
New trends in scanning

electron microscope
HE microscope is an instrument
'with a very wide general

applicability in many fields of
research and developmental tech-
nology. It had been expected that
with the further growth of new fields
of research needs would arise which
would demand special requirements
and would lead to a detailed

microscope

this development are such fields as
Interference Microscopy, Polarising
Microscopy, . X-ray Microscopy,
Flying Spot. Microscopy, Reflecting,
Fluorescence and Phase Contrast
Microscopy. However, the latest
advancements in scanning electron
microscopy (SEM) has superseded
all the existing techniques (see also
S.R., Dec. 1978).

'It has been only fifteen years since
the first commercial Scanning elect-
ron microsope was introduced. Since
then the growth of SEM has been so
fapid, that access to such a micro-
'scope has become virtually essential
for scientists and technologists who
work with materials in any form-
geologists, biologists, engineers or
forensic scientists-as well as the
more obvious physicists, chemists
and materials scientists. SEM has.
become an extremely versatile tool for
topographic, chemical, structural and

electronic characterisation of mate-
rials on a microscopic scale. ;

The principle of SEM is simple
and is illustrated schematically in
Fig. 1. The instrument is similar
to a television (TV) set It consists
of two types of TV tubes coupled
together. The image is viewed on one
or more normal TV tubes; the other
tube is the SEM column. In. this

ELECTRON GUN

toluitin 4 fite Spot is 'formed by an
electroti gun and two or three electron
lenses (the electron lens is similar in
principle to an optical lens, except
that the focal length and hence the
Power of the lens can be varied by
controlling the electric and magnetic
fields and this lens is free from chro-
matic spherical aberrations). The spot
is scanned across the sample using
the same scan generator as for the
display TV tubes, and the magnifica-
tion is increased simply by attenuating
the current applied to the scan coils
in the column. Because the scans
are coupled in this way, there is a
one-to-one correspondence between
the positions of the spots in the
column and in the TV display tubes.
More specifically, when the radiation
(in the form of secondary
electrons) from a point on the
specimen is high, the intensity of the
point on the display TV tube is also
high. If the probing beam is then
moved to an adjacent spot on the
specimen, correspondingly the inten-
sity shifts in the TV tube; thus there

COLUMN i
BLANKING
COIL

SCANNING
GENERATOR

ra

4

!

i

CAMERA

DISPLAY DISPLAY
TUBE -1 TUBE -2

ELEC TRON
LENS
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COILS Xand ¥

MAGNIFICATION x and y
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+ VIDEOVACUUM
SYSTEM SPECIMEN
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Fig: 1. The principle af scanning electron microscope
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js also a@ one-to-one correspondence
between the position of the spot on the

-specimen to that in the TV display
tube. In practise, the points follow
one another with great rapidity so
that the image of each point becomes

~
an image ofa line, and the line in turn.
can move down the screen so rapidly
that the human eye sees a complete
image as in a television.
It now remains only to modulate the

. brightness of the display tubes with
a 'signal' derived from the sample.
It is normal to use the secondary
electron signal, since these electrons
-are generated fairly close to the point
of impact of the incident beam. with
reasonable efficiency. This signal is

amplified (in a video amplifier) and
applied to the display tube, which can
then be photographed.
Most of the applications of SEM

result directly from the ability to
-produce high resolution, 3 Dimen-
sional-like pictures using the secon-
dary electron signal. The machine
compliments and extends the range
of the optical microscope. Unlike the
transmission electron

STEM, it can examine bulk samples,
requires little specimen preparation
(except that the specimen should
have surface relaxation) or operating
training. These versatile and. fool
proof features are alone sufficient for
accounting rapid acceptance of SEM
in many laboratories.
In SEM all features of the inter-

_ actions of an electron beam with.
solids can be studied -and used to
obtain information about-the sample.
To réalise-this ambitious goal we have
to develop new techniques, but al-
ready commercial instruments are
able to detect several different signals
which can give extra useful informa-
tion. For example, the secondary
electron detector can b used to
Teveal magnetic.domains or surface
Voltages (these studies are basic for
the understanding of energy conver-

: sion in magnetic domain flipping, es-
pecially in memory devices like ferro-_

FEBRUARY 1982 -

microscope.
(TEM) or its scanning equivalent

magnetic and ferro electric materials).
A negative bias of a. few hundred
volts on this same detector rejects
secondaries but allows back-scattered
electrons to be collected. TThe contrast
in the back-scattered signal reflects
atomic number differences in a
general way, because more electrons
are back-scattered from high Z mate-
rials. The current flowing to the
sample can also be measured, and

- many variants of these techniques can
be easily devised.
The technique which is in

routine use, however, is more
precise than these. In the energy
dispersive X-ray dectector (EDX)
téchnique, X-ray photons are detec-
ted as pulses in Si (Li) crystal and
the height of each pulse is used to
assign an energy location

(or
the

pulse in a multi-channel analyser.
Thus, with suitable electronic cir-
cuitry anid some
the characterstic energies of the
X-ray, any point in the image can

knowledge of

be analysed qualitatively for its
chemical constituents (heavier than
Na) with a spatial resolution limit

©

-in obtaining chemical information
to about 1 ym by the side of the
cascade in which the X-ray are.

produced. Further, the characteri-
stic regions of the spectrum can be.
used to modulate the brightness of
the SEM TV tube and so produce a

picture of the distribution of the
desired element. The combination
of a topographic picture using secon-

'chemical' .dary electrons and a.
picture is extraordinarily informative.
X-rays can also be detected using
a' crystal spectrometer-also called
wavelength dispersive spectrometer
(WDX). In this technique, which
is used for quantitative chemical
analysis in electron probe micro
anaHysis, the energies of the X-ray
are scanned sequentially, or serially.
Thus WDX is an example -of a

'spectroscopy' with 'serial' recording,
-whereas EDX is the same spectro-

scopy but with simultaneous or
paratiel recording. EDX can only
handle much lower beam -curfents

99

(~10°A rather than 10-8A)- and
'it has much lower-energy resolution
than EDX (150 eV rather than SeV).
But the fingerprint spectra obtained ..

with EDX as a result of
parallel recording at currents not
much above those used in.normal
SEM are extremely useful. Hence
the SEM-EDX has become a widely

_

available general purpose combi-.
nation instrument.

New detectors and spectroscopies
It is clear that the scanning prin-

ciple allows. us to use several detec-
tors which carry different types of
information about the sample... SEM. .

can provide topographic, chemical,
. Structural (more specifically crystal-
lographic) and electronic information :

on a microscopic scale. We have
already seen that the first type of.
information listed can be obtained
with a resolution of about -5 nm
using secondary electrons and the
second at about 1 pm resolution
using X-ray emission.
Currently there is much interest

'on a finer scale.
some details

spectroscopy
(EELS) for STEM.

atoms/gram mol can be detected.
AES is one of the surface analytical .

techniques and is complimentary to -

X-ray spectroscopy in several ways.
First, it results from the same excita-
tion process, in that a hole in an
atomic inner shell produced by an
incident electron results in the emis- .

sion of either an X-ray photon or
'an Auger electron.
Auger process is most efficient for
low atomic number elements when
X-rays become very inefficient, al-

Second, the

though in absolute terms. they are
both. rather inefficient,
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SCIENCE SPECTRUM.

Fig. 2 shows
of the techniques

adopted. The two most promising
=

techniques are Auger electron spec-
troscopy (AES) for SEM and elec-
tron energy oss

In both techni-
ques a few hundred atoms present
in a host material containing 10"

requiring
exposures of Several. minutes. Thir-



Sample.

SCIENCE SPECTRUM.
dly, it is surface sensitive since the
Auger electrons come from
within 1 nm if the surface energies
are between 50eV - 500eV. Thus

resolution. and also
lateral resolution are much better
than with X-rays. At present both

* AES and EELS are 'serial' spec-

the depth

troscopies in that the energy distri-
bution can be obtained only by

. Scanning the analyser energy.
A second type of spectroscopy

aims to. obtain crystallographic infor-
mation from the sample. As a
result of the sample being crystalline,
either the detected particles will be
emitted anisotropically or, if the
beam is rocked, the incident electrons
will interact anisotropically with the

This results in a two
dimensional spectroscopy. The. first
technique of this kind, the electron
channeling pattern (ECP) was dis-
covered in 1967 and has since been
much developed. In the selected
area mode of operation the incident
beam is rocked about a point (1-10
nm in diameter) on the sample and
the variation in intensity (usually
he sample current is used) is dis-
played on the TV tube of the SEM.
At Sussex, a new technique has been
developed called electron back scat-
tering pattern (EBSP). In this tech-
nique the ECP is inverted and
at the Auger distribution of the
emergent back-scattered electrons
is displayed. on the screen.
These patterns contain crystallo-.

graphic bands which can be indexed
and used to orientate the crystallite.
By using the elliptical shadows on the
Pattern to pinpoint the point of
emergence of the back scattered
electrons, orientation to 4-0.50° accu-
racy can be obtained. Because the
pattern is. recorded in parallel, i.e.,

it can beobtained much more quickly
than an ECP, and can even be viewed
directly by eye or by closed circuit
television. In this way it is simple.
to see the orientations between devised
different crystallites in the sample.
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Fig. 2. Schematic diagram of detection facilities available in the ultrahigh vacuum SEM.
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The main disadvantage of this tech-
nique relative to the ECP is that the
beam must strike the sample fairly
near glancing incidence to obtain
adequate pattern contrast.
A new technique called the X-ray

Kossel technique has been developed
at Bristol. This technique has
identical geometry to the EBSP but
records the angular distribution of
emergent X-rays directly on to photo-
graphic film. The fine Kossel lines .
on the film arise from X-rays (Bragg)
reflected in a volume about 10 nm
around the incident electron probe.
Although this is therefore not -a
technique capable of high spatial
resolution and exposures are fairly
long (several minutes), it neverthe-
less can produce the best lattice
parameter data accurate to better
than one part in 104. Thus both
the Kossel and ERSP techniques will

using a camera, rather than serially be. very useful as crystallographic
tools in future, probably overtaking
the current uses of ECPS.
There are many other specialised

operating modes which have been
and which are useful

in -particular circumstances For

100

example, at Oxford it was shown that
the electron beam induced conduc-
tivity (EBIC) mode is useful for
studies of electron traps in semi-
conductors, and at Manchester and
London, cathodoluminescence (CL)
mode was developed for the study
of phosphorous semiconductors and
other light emitting materials. The
-low energy end of the secondary
electron spectrum is sensitive to the
work function of the sample and at
Sussex this too was made into a
quantitative SEM signal. There is
ample scope in these. techniques to
determine the electronic
of the sample in great detail.
Thus it is not unreasonable to

claim that the recent advances have
already gone a long way to provide
SEM techniques for obtaining topo-
graphic, chemical, crystallographic
and electronic information from bulk
samples on a microscopic scale-at
resolutions varying from <5 nm up
to €10pm depending on the infor-
mation sought and the technique
used.

structure

It is noticeable that many o ~

the most precise . techniques are

Spectroscapies. Detectors which
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detect. the other variables in

'parallel' rather than 'serially' have

very great advantages in terms. of
speed and signal-to-noise ratio and
so will probably become important
in future.
Electronics play a central role in

SEM. Ali major instrument func-
tions-scanning, signal detection,
signal processing, and display are
controlled by electronic devices often
of considerable complexity. Their
role in. SEM is not dealt with in the
present article.
Physicists, however, have to get

involved in the developments of
SEM and use them to further our

understanding of the interaction of
electrons with solids. The develop-
ment of specific SEM signal to

provide detailed and quantitative
information about the chemistry
and structure of materials on a
microscopic scale is a fascinating task.

K. VENKATESWARA Rao
Scientist

Central Electro Chemical Research
Institute

Karaikudi

A. SUBRAHMANYAM
Deptt. of Physics

Birla Institute of Tech. & Sc.
Pilani
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Plant tissue culture
and pharmacy

lants are not only the most
important producers of natural

products including foods, wood,
fibers and oils but are also the richest
source of medicinal substances. In
recent years, however, there have
been increasing diffitultfts in securing
an ample supply of medicinal plants
because of a drastic decrease in plant
resources due to human disturbance
of natural environment, ruthless ex-
ploitation, increasing labour
cost, and technical and/or econo-
mic difficulties in
wild plants.

cultivating

culties by introducing tissue culture
system for production of medicinal
compounds,
'Major advantages expected from

tissue culture systems ove1 the con-
ventional cultivation of whole plants
are : (1) Useful compounds could be
produced under controlled environ-
Mental conditions independent of
climatic changes or soil conditions;
2) Cultured cells would be free of
microbes and insects; (3) Cells of any
plants could easily be multiplied to

'their specific metabolites;

FEBRUARY 1982

Efforts ate: being made..
Overcome to some of these diffi-

(4) Automated control of cell growth cultures of Indian Mulberry (Morinda .

and rational regulation of metabolic
processes would contribute to the
reduction of labour cost and the
-improvement of productivity.

Because of these merits, the explo-
-ration of biosynthetic .capabilities
of various tissue cultures has been
carried out by a group of plant

. scientists during the last dedade.
Studies made so far include produc-
tion of catharanthus and campto-
theca anti-tumour alkaloids, amino
acids and proteins, antibiotics,-aller-
gens, cigarette tobacco and fatty
acids, papajn and other enzymes,
"steroid precursors and steroid bio-.
transformation ptoducts.

Production of specific .

compounds

B. Kaul and E.J. Staba of College
of Pharmacy, University of Minne-
sota (USA) have reported that dios-
genin, a major raw material for the
commercial production of ¢ortico-
steroids and steroid contraceptives,
can be produced by suspension cul- identification. Some of these com-
tures of Yam (Dioscorea deltoidea)
with a 1.5% dry weight content.
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medicinal.

The cell cultures of valuable Chinese

SCIENCE SPECTRUM -

drug Ginseng have been found to
produce ginsenosides in large
amounts (21% of dry weight as crude
saponins) by. T. Furuya of Kitasato
University, Japan. Production of
saponins has also been reported
in vitro by using cell cultures of
Panex quinquefolium. The suspen-
sion cultures of licorice (Glycyrrhiza
glabra) are capable of synthesizing _

glycyrrhizin in a fair amount (3%
-4% dry weight), and cigarette toba-
cco treated with the extract from the
cultures gave a better flavour as
compared with that from the licorice
root.
Plant tissue culture can form cer-

tain kinds of quinones.
cultures.of Fetid cassia (Cassia tora),
used as a' laxative, contain more than
-ten times as much quinones as the

have been obtained by suspension

citrifolia) and Indian Senna (Cassia
angustifolia).
In Gromwell (Lithospermum ery

throrhizon) callus cultures, attempts.
have been successful in increasing
the content of napthaquinone pig-
ments used for the treatment of
burns,
rhoids.

skin diseases and haemor-
Increase in the amount.of

naphthaquinones through callus cul-
ture is important especially because

The callus

Similar resultsanthraquinones
+

of the decreasing availability and.
|

unsuccessful cultivation of the plant.
Ubiquinone-10, used as a remedy for
congestive heart failure has also been.

produced by tobacco cell suspension
cultures at a rate (360 kg/h dry.
weight) higher than that by micro-
organisms
Unfortunately, there are quite a

number of important medicinal com-
pounds which have been reported to
be completely absent in cultured
cells.

remains ambiguous due to incomplete

pounds are morphine, codeine; vin-
cristine, vinblastine, sparteine, senno-
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Also, there. are some com-
pounds whose presence in cultures

i
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sides, swertiamarin andmethanol gly-
cosides. However, it has been repor-
ted that callus cultures of Foxglove
(Digitalis purpurea) produce about
15 cardenolides including purpurea.
glycoside A in small amounts,
although the number and quantity
'of cardenolides decrease with sub-
culturing (Planta Med., 29, 275-282,
1976).--The callus tissues of Peri-
winkle (Vinca rosea) contained alka-
doids apparently identical with the
anti-tumour agents, .vincaleucoblas-
tine and vincristine, but the chemical
structures-of these compounds remain -

to. be determined unequivocally.
There are numerous useful plants
whose biosynthetic capabilities await
exploration.

Screening "for new physiologically
~

active substance

Screening ofvarious tissue cultures
by bioassays for definite pharma-
cological activities may be.an effec-
tive method for exploiting active
substances produced by cultured
tissues. In fact, this. method has

-proved fruitful in discovering some
unexpected . substances of possible

Some of the callus tissues isolated
from -Amla (Emblica officinalis) and
Isodon . japonicus. have shown. anti-
'microbial. and anti-peptic ulcer acti-
vities, respectively. Cultured cells of
Scopolia japonica produce proteinase
inhibitor showing a -marked anti-
plasmin activity. Dried callus of
Periwinkle (Vinca rosea) is a cure for
coccidium diseases of chicks and. a
powerful prophylactic against patho-
genic protozoa..

Biotransformation of compounds

Biotransformation of particular
substrates to more useful compounds
by plant cell is now cons:dered to be
one of the most promising. areas in
the. biotechnologicai application of
plant tissue culture. It is expected
that specific modifications: of chemi-
cal structures of. certain compounds
may be performed more easily by

SCIENCE REPORTER

bolites.

cultured plant cells than by microor-
ganisms or by chemical synthesis.
E. Reinhard ofUniversity of Biology,
Tubingen (FRG), has demonstrated
that digitoxin and B-methyldigitoxin
-could be converted quite efficiently
into medicinally more useful cardio-
tonics by specific -hydroxylation of
suspension cultures of Grecian Fox-
glove (Digitalis lanata). Cultured
tissues of Datura posses a remarkably
high capability for glycosylation of
hydroquinone to form arbutin, used .

'as a- diurétic and urinary antiseptic.

Regulation of compound production

Efficient production of secondary
metabolites by plant tissue culture
is largely dependent upon environ-

- mental and. biological factors. A
characteristic alteration in the pat-
tern of chemical composition bet-
ween light and dark-brown callus has
been reported for the volatile oil in
Garden Rue (Ruta graveolens). It
has been shown in a number of
tissue. cultures that light generally.
stimulates the formation of caro-
-tenoids, flavonoids, polyphenols and
plastoquinones. Regarding the
effect of light on flavonoid formation,
it has been clearly demonstrated that
large increase in the activities of all
enzymes involved in the accumu--
lation of flavone and flavonol gluco-
sides occur upon illumination of the
cultures, especially with UV light.
In sharp contrast to the stimulatory .

effects of light, it has been found that
either white or blue light almost
completely inhibits the formation
of shikonin derivatives in Litho-
spermum cultures at all stages of cell
growth cycle.
-dary metabolites whose biosynthesis

There are other secon-

is not significantly influenced by
light. ce

- Plant growth regulators affect not
only growth and differentiation of
cultured tissues but also their secon-
dary metabolism. Their effects on
secondary metabolism vary greatly
depending upon the kind of meta-

Effect of auxins on nicotine
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acid, the direct precursor.

synthesis in tobacco (Nicotiana taba-
cum) cultures have been studied by
various workers.
AN exogenous supply of a bio-

synthetic precursor to culture
thedium may increase the yield of the
final product, when the productivity
is limited by lack of the precursors.
In Scopolia and Datura cultures the

. production of tropane alkaloids can
be increased by the addition of tropic

More-
over, from the practical viewpoint,
it is important that the precutsor
should be of low cost. In this res-
pect, attempts have been made to
increase the caffein content in tea
suspension cultures by nearly four
times by the supply. of inexpensive.
ammonium salts, which is presum-
ably the nitrogen source for the

purine ring of caffein (J. Exp. Botany;
21, 258-273, 1970.).
Nutrition for the cultured cells is

also an important factor in deciding
the production of secondary meta- .

bolites. The chemical composition
of commonly employed culture media
is primarily meant for improving cell

growth,. and may not necessarily be
best suited for the production of
secondary metabolites. Unfortunate-
-ly, only a few studies have been
devoted to a thorough examination
-on the effects of individual medium

components and their interactions
on secondary metabolite production.
In a batch culture system,. the

biosynthetic activity of cultured cells

usually varies with cell growth or
substrate utilisation. Kinetic studies
of the rates of cell growth and pro-
duct formation are. essential- for

a basic understanding of secondary
metabolic production. Little is

known about the interrelation bet-

ween the rate of product formation
and the age of individual cells in

plant cell culture.
mental dataon the time-course of .

However, experi-

product formation indicate that pro-
duction growth patterns may be

classified into three major types:

(i) Product formation proceeds

FEBRUARY 1982.
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almost in pafallel with cell growth;

tetrahydrocannabinol suggest

for their formation.

(ii) Product formation delayed until
cell growth declines or ceases;
{iii) The production curve is diphasic
and lags behind the growth curve.-as
in the case of diosgenin production.
In higher plants, there are certain

compounds which are synthesized
or accumulated only in particular
'organs or tissues. The failure of

. unorganised cells o1 tissue cultures
'to produce compounds such as

morphine, menthol, carvone and

morphological differentiation of
specific organs or tissues are required

induction of differentiation in unor-
ganised tissue cultures also induces
production of desired compounds.
There are also cases. where unorgani-
'zed tissue will produce . compounds
found exclusively in Specific tissues
of intact plants.
Cellular variation is another factor

.which can regulate secondary meta-
bolism and has potential use in imp-
roving biosynthetic capabilities. of
culture sttains. It is empirically
known that callus cultures sporadi-
cally give rise to variant subcultures
showing different concentration levels
of particular secondary metabolities.
Biosynthetic capability of cultured
tissue may be improved by the arti-
ficial induction of genetic mutation.
The chemical mutagen, N-methy1-
N'-nitro-nitrosoguanidine has been
Successfully used to obtain variant
clones of carrot cells which varied
widely in their capability to synthe-
size B-carotene and lycopene.
Although recent advances in the

production of medicinal substances

our hopes. towards the realisation of
industrial production in the near cause this phenomenon to occur. found to control three important soil-
future, there remain many problems,
both basic and Practical, which must
be solved before we reach the goal.

RAJANI VARMA

UniversityJiwaji
Gwalior-470042
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In some cases,

Biological control of soil-borne
fungal pathogens of plants

NO!L-BORNE fungal. 'pathogens
are responsible for many plant

diseases like wilt, root rot, collar
rot, damping off, etc. Because these
fungi complete their entire life cycle
underground, it is almost impossible
to control them by conventional
means, Fungicidal treatment of seed
or soil protects crops only during
early growth period because roots.
that grow beyond the chemically
protected soil zone can get infected
at a later stage. Soil fumigation,
another method of controlling soil-
borne pathogens, is also only an
incomplete cure, because many of
the dormant reproductive bodies of
the pathogens can escape being killed
by fumigation.. Even leaving the
land uncultivated does not help,
because 1eproductive bodies ofpatho-
gens can persist in such fields for
several years in dormant state.
Owing to these reasons, scientists
are looking for unorthodox means of.
controlling soil-borne diseases and
from the results of some of. the
recent investigations biological cont-
Tol appears to be. a promising new
method.
Presence of naturally occurring

agents that might be antagonistic.
.to soilborne pathogens is indicated
by the-fact that certain soils seem. to
suppress the development of. patho- - Fusarium is a
gens in them. Sometimes it is just
the presence of some physico-chemi-
cal factor that. prevents. growth and
multiplication of pathogenic fungi,

certain micro-organisms that too can

Prof.. Ralph Baker. and his asso-
cilates (Deptt. of Botany .and Plant
Pathology,Colorado StateUniversity,
Fort Collins, U:S.A.) recently pub-

thology, 1980, 70, 412-417 and Phyto-
pathology, 1980, 70, 404-412) in which
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"mena.
they investigated two such pheno-

In one case, the soil was
reported to be suppressive to Rhizoc-
-tonia solani, which causes damping
-offin young seedlings and collar rot
in older plants in a number of crop
plants. In the second case the soil
was found to inhibit the develop-
-ment of wilt-causing fungal patho-
gens belonging to the genus Fusarium.
Studies conducted by Baker et al.,
consisted of burying mycelial mats
of the concerned pathogens into the
respective suppressive' soils and
studying micro-organisms that were
later found to be growing in associa-
tion with the mats. Isolation of
the micro-organisms and evaluation
of their antagonistic effect on the-
concerned pathogen unde laboratory
and field conditions showed that in
the case of the Fusarium-suppressive
soil, a species of the bacterium Pse-
udomonas was responsible for the
suppression,. while in the case of soil
suppressive to Rhizoctonia solani,
the investigators could demonstrate
a fungus, Trichoderma harzianum, .

to be responsible for the suppressive
action. The antagonistic effect of
Trichoderma harzianum on Rhizacto-
nia solani is a well-known pheno-
menon, but. the antagonistic activity
shown: by. Pseudomonas sp. against

Another
Sporidesmium sclerotivorum was dis-.

hew discove
important mycoparasite,.

covered in 1978 by P.B. Adams and

(Beltsville, U.S.A.). This fungus was

borne pathogenic fungi, Sclerotinia
minor, Sclerotinia sclerotiorum and
Sclerotium. cepivorum. The most
interesting part of this discovery
is the fact, that the mycoparasite
destroys sclerotia, the. hardy repro-
ductive bodies of the pathogens,
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\his associates at. the Soil-borne
by tissue culture have strengthened but occasionally one. comes 'across Diseases Laboratory of the U.S.D.A

School o Studies in Botany . lished reports. of studies (Phytopa-
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viz., crustaceans,

SCIENCE SPECTRUM
which are generally uiteG resis-

tant to the decay-inducing micro-
organisms found normally in the
soil and also to the physical weather-
ing action of the. elements.
The findings reported above are

no doubt very encouraging, but it
should at the same time be borne
in mind that biological pest control
-measures cannot generally be used
'as the sole means of pest control
under field conditions. Owing to
the fact that these measures make
use of living organisms, they are effec-
tive only within a relatively narrow
range of environmental factors. For
example, the optimal environmental.
conditions under which Sporidesmium
sclerotivorum can act against Sclero-
tinia minor are soil temperature
'ranging from 20°C to 25°C, soil pH
ranging from 5.5 to 7.5 and soil
water potential of -8 bars and above.
Similarly, the antagonistic action
of Pseudomonas sp. against Fusarium
could be observed only when the
soil was alkaline (pH above 7),
whereas Fusarium can survive and
-Temain infective even at pH 6.

As a result of the environmental
ernie Re nee

restrictions, which limit the use of
biological control measures, scientists
have evolved the concept of integrated
pest control, which combines several

techniques of control, including the

biological ones. A good example
of the use of this concept is provided
in a recent report (Phytopathology,
1980, 70, 418-422) by Y. Elad ef al.,
of the Agricultural Faculty of the
Hebrew University (Rehovot, Israel).
These workers had previously found
that solar heat, trapped by plastic
muich, could raise the soil tempera-
'ture sufficiently to kill many micro-

organisms in the soil. They now
show that combining the use of
Trichoderma harzianum with solar

heating of the soil not only increased
the efficacy of the latter treatment

against Rhizoctonia solani, but also
controlled Sclerotium rolfsii, which
is not completely controlled by any
of the above control measures, if
used singly.

A.D. KARVE
F.A.O. Expert

Agricultural Research Institute
Yezin, Burma

Menace of the
marine foulers

HE bottom of a ship or boat,
painted with an ordinary paint,

soon becomes home for a. variety of
marine foulers, viz., barnacles (Fig.
3), moss animals, tube worms, clams
and sea-squirts and wood borers,

4), Sphaeroma (Fig. 5) and mollus-
can shipworms (Fig. 6). They are
mostly confined to warm waters of
high
particularly barnacles,
large numbers to the outer surface

salt content. The foulers,
attach in

of the ship and seriously: slow down
speed of the vessel and, thereby in-
crease fuel consumption. The bo-
rers,.on the otherhand, take shelter

SCIENCE REPORTER

Laminaria (Fig.

inside the. fixed and floating timbers
and feed on for their nourishment on
cellulose. Consequently, the timber
is reduced to soft saw dust. It is
said that Columbus lost all his ships
during his IV voyage as a result of
the ravages of shipworms.

How do these organisms take shelter

The larvae of barnacles (Figs. 1,2)
swim actively for a number of days
to find some suitable surface to land
'on. When a young barnacle finds as a
such a surface, it crawls around over matrix paints are more ¢effective but
a small area in search for a choice
jocation. It, then, anchors itself
firmly on its two front legs with the
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help of a cementing material and

slowly begins to form its familiar
conical shell: .

The borers, particularly the ship-
worms, release their larvae which are
about 025mm thick. After 24
-to 48 hours of free swimming, they
bore and make a hole in the wood
which resembles a pin point. Once
they get into the wood, they grow
rapidly and dig burrows which may
be as much as 1.25 cm in diameter
and 30 cm in length. The larvae
may survive even when the wood is

kept out of water for more than two
weeks. It is, however, interesting to
observe that fouling and boring do
not occur simultaneously. Dense

fouling effectively inhibits attack of
shipworm borers as adult barnacles
feed on shipworm larvae.

Measures for protection

In India alone the periodic cost of
replacement of fishing craft destroyed
by marine borers amounts to Rs. 2.5

million, In the United States, da-

mage has been found to exceed 50

million dollars every year. With a
view to eradicate foulers and bo-
rers antifouling and boring paints
have been developed nowadays.
Most of them contain cuprous oxide
which dissolves slowly in seawater

and is very poisonous to fouling or-

ganisms.
There are basically two different

types of paint containing cuprous
oxide. One is the 'continuous con-
tact' type, which has considerable
amount of the poison in the surface

layers of the paint. Such paints
need only be applied as a thin coat.

The second type, known as 'soluble

matrix' paints, contain a lower con-

centration of the poison but have a

porous structure which allows poi-
son to reach the surface from within

the paint. The latter type is applied
thick coating. The soluble

both the types resist fouling onyy for

two years. It is always advisable to

have a prepainting with a special

FEBRUARY 1982



SCIENCE SPECTRUM
paint before these paints are applied
because they may cause considerable
corrosion. Furthermore, vessels
painted by these paints should be
immersed in seawater before they

-

afe dry. Otherwise, the surface of
the paint hardens and seals the poi-
son beneath making it ineffective.
Scientists have recently found that

a group of organic compounds of tin
could also be equally effective like
cuprous oxide paints. Two com-
pounds, one liquid, technically known
as bis (tri-n-butyltin) oxide and
commonly called TBTO, and the
other, solid, tri-n-butyltin fluoride
(TBTF), have been successfully. used
in antifouling paints. These modern
paints have several. advantages.
They are not corrosive. Also, they
do not fose their effectiveness on
drying. Consequently, boats do
not need to. be launched immedia-
.tely after painting and may be repeat-
edly hauled without destroying the
properties of the paint. Another
method of controlling foulers and
borers is the periodic taking of ves--
sels to low saline regions like rivers
which is said to kill these.organisms.

4. LAMINARIA

1 BARNACLE NAUPLIUS

4

R. SANTHANAM
K. VENKATARAMANUJAMAN G. SANJEEVIRAT

5 SPHAEROMA . Fisheries College
Tamilnadu Agricultural University

Tuticorin 628 003

2. BARNACLE CYPRIS

Genetic switches
control formation of.

haemoglobin
we

ECENT research in the Nether-
lands on a rare kind of

hereditary anaemia may help the
3 BARNACLE ADULT mo 6 SHIPWORM geneticists to work out the vital

_/}-search was conducted on a Dutch
i
family carrying genes for this rare
kind of hereditary anaemia.

x 3

genetic 'switches' controlling the for-
mation of haemoglobin. This re-

Figs. 1-6. Marine foulers
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'beta' chains.
other hand, haemoglobin contains

The genetic switches

Anaemia is caused due to the

deficiency of haemoglobin in the
blood. Haemoglobin is a red colour-
d organic substance made up of
protein, globin, of histone class and.

iron-containing heme units. Being en-
closed.in the red blood cells (R.B.C.)
of the circulating blood, haemoglobin
accomplishes the vital physiological
function of respiration by transpor-
ting 1espiratory gases oxygen and car-
bon dioxide as oxyhaemoglobin and

carboxyhaemoglobin, respectively.
It is a'known fact that there is a

considerable difference in the nature
of haemoglobin present in the body
during the foetal life. and that of adult.
Foetal form of haemoglobin (HbF).
takes up oxygen more efficiently than
the adult and thereby helps prevent
the baby from any oxygen deficiency
-at birth. Foetal haemoglobin, inthe
course of first few months after birth,
is. substituted by adult form of
haemoglobin (HbA).
In terms of four polypeptide chains

that make up the haemoglobin mole-
cule there is a difference between the
foetus and the adult. In adult,
haemoglobin is constituted of a
complex formed of two identical

chains and two identical
In a foetus, on the

'alpha'

'gamma' chains instead .of 'beta'
chains which are different from the
latter in amino acid composition.
Each of all the types of polypeptide
chains, that enters into the composi-
tion of foetal or adult haemoglobins
is connected with a heme unit.

t

As in the cases of other proteins
of the body the haemoglobin synthe-
sis is also directed by genes, i.c., DNA
sequences.
in the structure of haemoglobin in
the foetus and the adult, there is

Since there is difference

switching off and on of genes to bring
the change over from foetal form of
haemoglobin (HbF) to adult form of
haemoglobin (HbA). Turning off
and on of the genetic switches comes

.SCIENCE REPORTER

into action sometime around birth
when there € is a change in the synthesis
of haemoglobin in the red blood cells
of the baby.. More specifically by

~HbF-HbA switch we mean the turn-
ing off the genes synthesising 'gamma'
chains and turning on the genes
synthesising 'beta' chains.
. But, in fact, there is mote than one
kind of adult haemoglobin. Though
the major percentage of HbA is

composed ofalpha' and 'beta' chains,
in about 3% of it 'beta' chains are

replaced by 'delta' chains and this
variant type of adult haemoglobin
is known as HbA,. Reason of
occurrence of. this variant adult
haemoglobin (HbA,) is still a puzzle,
though the recent investigation has
thrown some light for understanding
its. significance.

Genetics of thalassaemias (heritable
anaemias)

Evidence in support of the fact
that the delta gene (i.e., gene synthe-
sising 'delta' chains) or the sequence
ofDNA closely associated with itmay
possess, the site that controls the
foetal-to-adult switch in the synthesis
of haemoglobin is now growing.
This. clue had been provided by the
Dutch babies who were born to a
family with a rare kind of hereditary
anaemia. This anaemia belongs to.a
group of. diseases called "Thalassae-
mias'. Thalassaemias are particularly
prevalent among people of Medi-
terranean region. In thalassaemias,
either of the genes which regulates
synthesis of haemoglobin chains fails
to work properly. If a child receives
such affected family gene from both
parents, it-fails to survive but if it
inherits only one affected gene from
either of the two parents (i.e., one
affected and one normal, therefore
heterozygous) it survives, may be with
severe anaemia.

In most of thalassaemia cases genes
synthesising 'beta' chains get affected.
The foetuses, as already mentioned,
do not incorporate 'beta' chains in
their. haemoglobin. So the affected
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ones ate usually born normal and
gradually develop anaemia over the
first few months after birth as the

chains are phased out,
except in cases mentioned earlier -

'gamma'

where 'gamma' chains are not te-
placed and the individuals thrivewith .

foetal haemoglobin. In those indi_
viuals; it seems, DNA gets depleted
of genes for 'beta' and 'delta' chains.
In other cases, where the genes are
present but for somefeason or other
do not function, the gamma genes are

©

switched off on schedule (i.e., around
the time of birth), and the-babies fall
'victims to anaemia.
Recent investigation on Dutch

babies by M. Oort and his colla-.
-borators at Emmen in the Nether-
lands revealed a reversed pattern of
development of anaemia than usual.

They noticed that babies with severe
anaemia at birth turn to be less
anaemic during the first few months
-after birth. About ten years before this
observation, a' group of American

experts was the first to describe such

pattern of the disease. Those ex-

perts could show that the baby under

investigation synthesised only half the .

normal quantity of 'gamma' and
'delta' chains. From that observa-
tion they inferred that the baby-had
received the defective 'gamma' and

'delta' .genes from one of the. two.

parents. They further observed that

though the severity of anaemia be-

came less, it did not altogether cure in

the course ofgamma-beta switch over.

In fact, it seemed that the synthesis
of 'beta' chains in the child's body
was also only half the normal amount.

Thus, it was implied that in addition
to the defective gamma and delta

genes the child had also received one

defective beta gene from one parent.
Oort and his associates under-

took collaborative research with the

molecular geneticists of the Nether-. .

lands and the U.K. to get the DNA
picture of the babies suffering from

this type of anaemia (Nature, Vol.

283, pp. 637-642, February 1980).ij

They made use of the recombinant
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DNA technique and found that both
the 'gamma' and 'delta' genes are al-
together missing inthe affected chro-
mosome. But they failed to detect any
abnormality in the 'beta' genes and
further observed that nothing was
missing from the DNA chains, > from
either side of these genes, for some
distance. This observation sugges-
ted that the beta genes might be
controlled by DNA which was not
the actual part of beta gene itself,
but was placed close to it.
The Dutch workers hold that

switching on the beta genes may be
due to something inthe gamma-delta
region of the DNA and these genes
refnain inactive in absence of that
important stretch of DNA molecule.
They suspect that it is the delta gene,
in particular, which is responsible for

switching. They, however, put for-
ward somewhat speculative argument
in favour of their suspicion. There
is also a second possible explanation .

for this pattern of anaemia. The
babies might be deficient in delta
and gamma genes and possessed a
defective beta gene (not deleted).
The Dutch researchers, however,
accept this explanation as a formal
possibility, but consider it unlikely.

Further researches on the DNA
of the affected babies will provide
better understanding of the underly-
ing genetic mechanism that operates
in this type of anaemia.

JAGANMAY MITRA
Reader in Zoology
Deptt. of Education

in Science & Mathematics
NCERT, New Delhi-110016

Why birds

OR centuries people have
observed birds departing from

one area each fall and returning the
following spring. This periodic
oscillation of the pendulum-back
and forth movements of several
species of birds, between the breed-
ing area and wintering area--a pheno-
menon which essentially constitutes
avian migrations has along challen-
ged the imagination of man, from all

Surely, it is one
of the most fascinating and specta-
cular behaviours of all animal life.
Desire for migration has become an
obligatory phase in the life cycle of
these avian species. Human reason-_
ing faced bewilderment while trying
.to grasp the underlying mechanism
of migration-how and what urges
the untaught and unaccompanied
young birds to, make their. maiden
voyage and return to their homeland
at an approximately -fixed time and.
controlled destination.
Though environmental origin has

been suggested for arousal of migra-
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migrate?
tory habits, it is more probable that
this habit is of biological origin. It
is suggested that bird migration arose
through the urge for expanding the
realm or rather giving a broader
dimension to an existing biological
urge of periodic movement, in close
telationship with the changing
environmental conditions.
All the migratory species of the

world are classified into several
categories according to their type
and line of migration. Diurnal
migrants like the swifts and cross--
bills cover their journey by flying
during daytime, while nocturnals
like thrushes normally fly at night.
Some migrants like the alpine inha-
bitants simp!y descend from high
altitudes to lower plains in adverse
conditions and again return to the
same place when the conditions are
favourable. This is known as
altitudinal migration. However,
most of the true migrants are lati-
tudinal fliers.. Conspicuous trans-
national travellers . migrate from

a LIBRARY

northern hemisphere to southern
hemisphere. Reverse - directional
movement occurs in the southern.
hemisphere but the occurrence is
less conspicuous on account of small
land masses and scant bird popula-
tion. Interestingly, the migratory -
path is fixed for individuals of a
particular species. Nevertheless, it
is certain that migration is restricted
to a narrow and well-defined flight
lines which remain the samé year
to year.

their subsequent recovery programme
had answered the question-whete -

do they migrate? But as yet it is
not completely known why and pre-
cisely what factors induce these birds
to the precision pendulum of migra-
tory activity.

Migratory navigation- a spectral
view

It is seen that the movement which
occur during migration are not
random but spatially oriented. The
actual factors guiding the migratory
navigation are very complex and not
necessarily same for all birds or at
all times.
Despite a lot of questions little

is known about the accuracy and
versatility of the birds' navigational .

abilities. Are they aware of thei:
geographic location? Do they rely
-on simple compass-system to reach
the goal? Do they compensate
for their replacement if blown off
by wind or other factors? Ex-
periments regarding these. problems
have yielded perplexing results.
Many diurnal fliers with good

activity are influenced by general
topography beneath
are capable of

them They

long time while making. their trans-
continental journey encompassing a
stretch of thousand kilometers path-
way. Utilisation of the position
of the sun is another cue for diurnal:
fliers. Experiments with a model sun'
in planetarium support that the sun

SCIENCE SPECTRUM ©

During the past centuries,
bird 'ringing' by ornithologists and

recognizing salient
features of the terrain and retain for

SCIENCE REPORTER107



80

isplacement and

AC
TI
VI
TY

U
N
IT
S 60

40

-20
ZUGUNRUHE

36

34

"G
RA

M
S 32

3
BODY WEIGHT

2

26+

JAN FEB MAR
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dual increase in both body weight and Zugunruhe with a peak immediately prior both spring migration and fall migration

provides accurate information about
geographic location or the precise
direction towards a predetermined
goal. For nocturnal migrants,
star orientation in the sky is of
great help. Long distance migrants
follow star orientation. by pattern
recognition which is really' a
complex affair. -Experiments by 1S

conditioning the birds to réspond to-

magnetic stimuli and the effect of
magnetism on the birds shows that
possibly the birds utilise the inten-
sity of the earth's magnetic field for
migratory activity and selection of
their pathways. The migrants are
also thought to be excellent meteoro-
-logists, possibly they can utilise the
best time for their travelling after
predicting the whether correctly.
Migrants are capable of detecting

reorientation
towards a goal by means of bicoor-
dinate navigational system based on
celestial and geophysical cues which.
change with time in an intet-
nally programmed sequence that
brings the bird to its geographic desti-
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nation at the end of the migration
period.

Indices of avian migration
In addition, birds of migration

possess certain features which serve.
.as a faithful index while interpreting
the basis of avaian migration-one for breeding ground and it permits

known as 'Zugunruhe' or migra-
tory restlessness and the other as
'Zugdisposition' or migratory fatten-
ing.
It has been established that in

captivity, if their migratory flight is
prevented, the migrants display an
intense madness-like manner by
jumping, whirling and fluttering.
This display is called 'Zugunruhe'
or migratory restlessness exhibited
by a migrant immediately prior to
distant migratory flight in nature
(Fig. 1).
Also twice a year, before their

"migratory flights, the body weight
reaches its. maxima (Fig. 1) due to
enormous gathering of fat in their
body (Fig. 2). This reserve serves
as a fuel for their journey. Long
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distance migrants gain about 50%
of their body weight, while the short
migrants gather upto 20%-30% of
their body weight.
In most cases, energy reserve is

greater in spring than in fall. This
may be due to an emergency reserve

for a more rapid vernal migration.
Again, prior to a long flight, a bird

-

needs an intact wing. So moulting
often occurs prior to every migra-
tion.. These three events-migration,
reproduction and moulting-have
a great demand on energy. These
three events are harmonised econo-

mically with premigration stored -

fuel.

Basis for avian migration

It is believed that birds feel the urge
for migration as an outcome of the

interplaying of several factors.

Exogenous initiating factors

Urge to survive and successfully

bringing their nestlings are perhaps
the most important causative.factors
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for migration. Underscoring of
environmental status (availability of
food), photoperiod (availability of
hght during the day, required for
their food collection and also certain
organ development), temperature
(giving warmth) may initiate migra-
tory activity. Experimentally by
restricting food and lowering the
temperature, the autumnal migratory
restlessness can be initiated and inver-
sely spring-time restlessness and fat
deposition can be enhanced by
increased temperature

Nonetheless, a great regularity in
the seasonal changes in the daylength
plays an important role bird
migration Pioneering scientist in
this field W. Rowan (1925) demons-
trated that light treated birds show
typical migratory activity. So far
many complex experiments have been
done to show that fat deposition and
migratory restlessness can be regula-
ted artificially by using prolonged day
lengths and photoperiodic manipu-
lations in association with changing
endogenous controlling factors
discussed later. However, such acti-
Vities are not seen with the resident
non-migrants.

Endogenous controlling factors
Some typical migrants known as

'calender birds' maintain a specific
time to arrive at their wintering or
breeding ground and display rest-
lessness 'relatively : idependently of
environmental fa ors', It was
speculated that ad itionally migra-
tory birds feel an uw ve for migration

environmental changes) or inde-
pendent of, certain endogenous
factor(s) rhythm particularly of the
hormones secreted by the 'ductless'
glands of the body which helps
maintain an 'internal calender'
that brings about a change in migra-
tory restlessness (zugunruhe) and
fat deposition (zugd; sposition) They
drive the birds toy ards migratory
oscillation.
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Fig. 2. Two ndividuals of a typical migrant in different periods. Right bird was caught in -

early wintering time, the /eft one prior to migration; note increase the subcuta-neous

In order that the endogenous
factor(s) rhythm, particularly of the
hormones and other essential che-
mical components may directly
synchronize with the environmental
abiotic rhythms (viz., seasonal/
daily fluctuations in day length,
temperature, etc.); there is a certain
time-keeping machinery known as
the 'biological clock' or the internal
chronometer. The most promising
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components of this time-keeping
machinery in the birds are brain
neurones and the pineal gland, an
essentially humble organ situated
beneath the dorsal meninges of the
skull. It has also been found that
pinealectomy abolishes migratory
restlessness, so typical feature of

that 1s dependent 1 (prompted by Chronobiological assistance

the migrants.

Final pathway-Endocrine regulation

Scientists of the present decade

SCIENCE REPORTER



of calcium and iron.

Vitamin A requirements
fulfilled by including a normal por-
tion of green leaves in the daily diet.

SCIENCE SPECTRUM
all over the world through experi-
mental reseazch are of the opinion
that. the exogenous cues. and
the endogenous (daily=circadian;
annual=circannual) rhythmicity
guided by the time-keepingmachinery
are the controlling devices of the
migratory activity.
However, the final outcome of

synchronized wish of these two most
important and obligatory devices is
materialised by the endocrine com-
plex of the individual that prepares
Migrants physiologically . for the
distant flights to and fro.
As a fundamental component of

this endocrine complex, the brain

neurones particularly of the hypo-
thalamic origin serve as the key for
locking and unlocking the pituitary
gland. to regulate the endogenous
hormonal rhythm of different glands
like gonads, adrenal and thyroid.
They all act in concert to prepare
the bird for migratory flight. Ex-
periments so far have confirmed
that 'prolactin'-an anterior pitui-
tary hormone, possibly plays the
'big brother' role amongst the hor-
mone family as a whole. Prolactin
can induce fat deposition and migra-
tion activity which resemble in
magnitude and temporal pattern to

LETTERS (Continued from page 68
Leaves are a very important class

of vegetables, but are much neglec-
ted despite the fact that there are
perhaps thousands of edible tropical
leaves. Highly productive and nutri-
tious leafy vegetables are either
erennial or annual, The perennials
are easy to grow and yield more per
unit area than most food plants.
Leaves are always available because

continuously.they are produced
The annual species often grow quite
rapidly and produce for a much
longer time.

Leaves are the best plant source
Vitamin A

deficiency is common in the Tropics
and is the principal cause of irrever-
sible blindness among children.
Yet all leaves contain provitamin
A (carotene). Some leaves are
particularly rich in it (dark-green
leaves are usually the best source).

can be

Since leaves often contain vitamin C
also,.a person can fulfill all of his
vitamin A and C requirements by

- eating 100 grams of the right

SCIENCE REPORTER

that of premigratory period; gonado-

tropic and adrenocorticotropic hor-
mones of the pituitary are also syner--
gistic with prolactin in fattening
and restlessness respectively. Since
Migration is always parallel with
gonadal development or regression,
gonad and its hormone do have
some influence on the behaviour
and disposition of migrants.

SANJIB CHATTOPADHYAY
SUBRATA CHAKRABORTY

SAUMEN MAITRA
Histophysiology Laboratory

Zoology Deptt.
Calcutta University

35, Ballygunge Circular Road
Calcutta- 700019

leaves daily.
Some leaves cotain toxic substances

perhaps the most common of which
is oxalic acid. Leaves that have a
high oxalic acid content-should not
be eaten daily. Oxalic acid inter-
feres with the body's uptake of
calcium and if ingested too often
could lead to chronic calcium defi-
ciency. A few leaves contain gly-
cosides ofhydrocyanic acid and must
be cooked 10 to 15 minutes before use.

D.N. SEN
B.K. SINGHAL

Botany Dept., Jodhpur Univ.,
Jodhpur 342001

Blood as a growth promoter

IR, the practice of application
-of blood to the roots of grape

plant (Vitis sp. family Vitacae)
is very common in the plains of
Punjab, Haryana, Delhi and Uttar
Pradesh, where there are plenty of
slaughter houses or at places where
there is excess consumption of
mutton. Usually about 250 ml of
blood is given per plant at intervals
of one month, from about 3 months
before the start of fruiting season.

110

The first dose is given just after the
appearance of the first leaf, ie.,
root initiation. It would not be out
of place to mention here that the
soil at the base of the plant is irriga-
ted and aerated about 12 hrs.
before putting in blood. It has been
'observed that the leaves turn dark
green and become bigger and more
numerous. The length of internodes
also increases considerably. There
is also significant change in quality
(taste) and size of the fruit. Often
double and sometimes triple yield
of fruit can be obtained which is
more than yield from plants manured
with compost only.
No specific dose of blood per

plant is known yet. But it can be
determined by research.
standardised, the use of blood as

growth promoter for grape cultivation
can revolutionize the brewery
industry.

§.D. LAL
Deptt. of Botany, Kurukshetra Uni-

versity, Kurukshetra-132119
DEEPAK SHARMA

Deptt. of Zoology, Kurukshetra
University, Kurukshetra-132119
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NEWS & NOTES

Indian expedition
to

Antarctica
ITHIN a year of their first
haul of precious undersea

metallic nodules from the depths
of Indian Ocean, Indian oceano-
graphers achieved yet another historic
success--they conquered Antarctica,

-
(Indian Institute of Geomagnetism).

world's coldest, driest and stormiest
continent. The success came on
the night of 9th January when a
scientific team led by Dr. S.Z. Qasim
landed on the shores of the southern
continent after a gruelling 33-day
cruise from Goa. The ship was
a small 600-tonne Norwegian ice-
breaker Polar Circle chartered by
the team The expedition was a joint
effort of a number of different
organisations with the Council of
Scientific & Industrial Research as
the lead organisation. The whole
project was funded and coordi-
nated by the newly created Depart-
ment of Ocean Development of the
Central Government. The Indian
Navy with its two helicopters and a
8-member team provided medical,
photographic and logistics support.
Strictly speaking, this was not the

first time Indians have landed on
Antarctica; a few had earlier gone
there as part of other expeditions. .

But this was the first time that a
full-fledged Indian scientific expedi-

tion has made it to the continent.
Also it was the first ever attempt to
teach Antarctica after such a long
'sea voyage (about 18,000 km)
from the Indian Ocean side. All ©

sonnel manning the several stations.
previous landings were made from
much nearer shores. of South
America, Africa or Australia,
The 21-member expedition team

comprised 13 scientists from various
departments and a 8-member team
from the Indian Navy. The scientists
were Dr. S.Z. Qasim, .. Secretary
Department of Environment, Leader,
C.P. Vohra, Deputy Director,
Geological Survey of India and H.N.
Siddiquie, Assistant Director,
National Institute of Oceanography,
deputy leaders, R. Sen Gupta, E.
Desa, A.H. Parulekar, M.C. Pathak,
D.V. Rama Raju and S.G.P.
Matondhar (all of. NIO), A.K.
Sharma and K.N. Katyal (Indian
Meteorological Department), Amit-
abha Sen Gupta (National Physical
Laboratory) and R.V. Iyengar

After rigorous acclimatisation in
sea and in the frigid Himalayan
conditions, the team sailed out from
Goa on 6th December, 1981. The
first lap was from Goa to the Indian
Ocean island of Mauritius.
refuelling at Mauritius the team
started its second lap through one of
the world's roughest and most dan-
gerous of the high seas-the Roaring
Forties-before reaching the fringe
of the icy continent shortly before
midnight local time on 9th January
1982. As it was midsummer in
Antarctica, a golden sun low on the
horizon greeted the Indian team.
Antarctica, a.vast desert of snow

and ice, is the fifth largest continent
- of the world. With an area ofmore
than 14 million sq. km, it is larger
than the size of India and China
put together. Its ice cover is at
places more than 4.5 km thick.
Summer temperature in Antarctica
normally ranges between-10°C to
-20°C. But the Indian team
experienced an unusually 'warm'

After

summer with temperatures. often
touching 0°C.
The continent has no native

population except the scientific per-

Their number ranges from 1700
to 2000 in summer and from 600 to
700 during winter when there is
total darkness. for six months. The
land ts completely barren except for
a few species of mosses, lichens and
grasses. There are also the friendly
penguins which freely entered the
tents of the Indian expedition. Other
animal life recorded by the expedi-
tion include two species of seals,
three species of whales and . one
species of bottle-neck dolphins.
During its 10-day stay, the team

members carried out a number of
expriments and collected specimens
for analysis. They. analysed more
than 1500 samples and brought back.

many more. Rock samples brought
back for a closer secrutiny is expected
to provide valuable clue about the
Gondwanaland hypothesis of conti-
nental drift according to which India
and Antarctica was once part of a
single large landmass. The data
collected during the expedition would

help in studying the climate and

pollution levels in the southern Indian
Ocean and the Antarctic sea.

Meteorological observations carried
out included measurement of
temperature, pressure, wind speed,

humidity, ice formation and also

studies on upper atmosphere and

propagation of radiowaves. Oceano-

graphic studies indicated a rich

potential of marine food resource,

especially of shrimp-like animals

known as krill around the Antarctic
sea. The data are still being proces-
sed and the final report is expected

by the year end.
Before returning, the expedition

set up an unmanned weather station

'at a rockey..plateau about 80 km

inland from the base camp which it

named Dakshin Gangotri. The

station is equipped with continuous ©

recording instrumentsweather



powered by Indian-made solar Cells
and storage batteries. The records,
made on special magnetic tape
cassettes, are to be récovered by the

Indian Science

¢¢ ASIC Research as an Integral
)

has relevance in terms of possible
Component of a Self-reliant

Base of Science and Technology" was
the focal theme for the 69th session
of the Indian Science Congress in
Mysore. Symposia, public: lectures,
paper reading sessions and a whole-
day plenary session organised dur-
ing the Congress, all highlighted the
need for more basic research keeping
in view the long-term perspective of .

National devélopment.

The tone of the six-day session was
Set by Prof. M.G.K. Menon in his
presidential address on January 3.
He said; a crucial element of self-
reliance, in a world whose economy
'and lifestyles are dominated by
Scientific and technological advances,
has to be a self-reliant base of tech-
ology. And this base cannot be

Significant basic research. Differen-
tiating basic research from applied

2

research, Prof. Menon said that basic
research had to be. supported in
educational institutions which he
lamented had been allowed to be.'run
down badly in récent years.

Prof. Menon "made it clear that

research that is carried out. which
does not qualify as applied research.
Basic research, he said, is characteri-
sed by high quality and innovation.
It is subject to a Peer review, and
must arise from.a deeper urge to find .

Petitive at a truly international level.

There are certain areas of thrust
in basic research which are of interest
scientifically, and at the same. time
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cides
Researches in insect physiology may

next Indian expedition planned for
later this year.

BIMAN BAsu:
mma,

Congress-1982.

tangible fruits in the not too distant
future. Prof. Menon cited a few and to our country. They showed
examples to. illustrate his point.
Researches in genetic engineering,
for instance, may eventually enable
man to develop crop plants that can
fix atmospheric nitrogen like the bac-
teria. in root nodules of leguminous
plants do obviating the need for
chemical fertilisers. Researches in
photobiology may enable us to
improve the efficiency of photo-

synthesis by plants thereby increasing
biomass production substantially for
future energy needs. Then there are
problems ofdiseasesin plants. Pesti-

pollute the environment.

lead us to.a better method of pest
control without pesticides. The
newly emerging. discipline of bio-
technology holds tremendous promise
forthe future. A range of interesting.
chemicals and pharmaceutical pro-
ducts may:be produced using the new.
technologies for application in a
wide range of areas including-agri- .

culture, animal and human health.
and population control. All these
ean be achieved only through more
basic research.

Speaking about the role of the
Indian Science Congress in fostering
basic research Prof. Menon said,
the Congress should not be a
place for reporting of routine
measurements or for discussing pedes-
trian details of science policy. It
should be a forum to generate a sense
of enthusiasm and elan in the scienti-
fic community. Basicresearch always
happens to be an area of inno-
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. that scientific leaders,
advice grants are given, would be
sensitive to young and non-confor--
mist talent.

vation, originality and excitement.
The Science Congress
attempt to focus in this direction if
it is to be dynamic and relevant and
excite the young minds.

Earlier, inaugurating the session
the Prime Minister Mrs. Gandhi.
spoke of the many achievements of
Indian science in the recent. past.
In the past year, she said, our space.
scientists brought credit to themselves

what Indian science could achieve
with clear goals and team work. In
this context she. mentioned. the
launching of APPLE and Bhaskara,
the experiments at Kolar Gold Fields
and the first Indian Expedition to the
Antarctica.

Mrs.
number of - initiatives taken by
Government to streamline research in-
science and technology in the country.
Among them are the setting up of the
Science Advisory Committee to the
Cabinet and the Cabinet Committee
on Science and Technology. On the
recommendation of the SACC, she
said, Government havd decided to
launch a three-pronged programme
to remedy unemployment . among
qualified scientists and technologists.
Another initiative taken at the ins-
stance of the SACC is the formation
of a National Biotechnology Board.

Referring to problems faced in
basic research in India, Mrs. Gandhi
.said "'Grant-givers tend to relate
allocations to tangible results. In
basi¢ research, results are not. measu-

on whose
reable. She expressed the hope

A special feature of this year's
Science Congress was a whole-day
plenary. session on the focal theme on
January. 4. Heid in the spacious.
Crawford Hall of Mysore University,
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should

Gandhi also announced 'a.

built without at the same time doing

basic research does not mean any

out. It must in the ultimate becQm-



it. drew a packed "house.

that by 2000 A.D. India's entire diesel

- Metals."

NEWS AND NOTES-

introduction by the General President
rof. Menon and remarks by Mr.
C.P.N. Singh.and Prof. Nurul Hasan,
a galaxy of our leading scientists
spoke on the focal theme.
spoké about his own area of research;

Each

together they illustrated how basic
: research was fundamental to many of
our past achievements in agriculture,
health care, medicine, materials sci-
ence and nuclear power development.
Among those who spoke at the ple-
fary session were Dr. Cyril Ponnam-
-peruma, Dr,
Prof. V. Ramalingaswami, Prof. A.K.

M.S. Swaminathan,

Sharma, Prof. C.N.R. Rao, Dr. S.
Varadarajan, Dr. S. Ramasheshan
and Dr. Devendra Lal.

Some of the sectional presidential
addresses were interesting and infor-
mative. In the Section of. Botany,
Dr. T.N. Khoshoo of the National
Botanical Research Institute, Luck-
now gave an illustrated talk on.
"Energy from Plants: Problems and
Prospects", Describing the enor-
mous potential of plants as a source
of renewable energy, he disclosed that
over 385 species. of potential 'Petro-
leum plants' have been identified. in
India which can yield oil or high
quality liquid fuel after conversion.
The plants have been identified by
scientists of NBRI and the Indian
Institute of Petroleum, Dehradun
under a joint screening programme.
The two institutions have now pre-
pared a preliminary list. for assessing
the hydrocarbon content and amen-
ability to cultivation of the prospec-

requirement for water pumping and
rural industry could be replaced by
renewable materials from plants.

In the Section of. Engineering
Science; Prof. T.R. -Anantharaman
of Banaras Hindu University gave an
interesting talk onRapidly Solidified

molten metals, he said, gives rise to a
unique class ofmaterials with unusual
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high energy particles.

"How did life begin?'

. Rapid quenching of

physical properties. Known as
'metallic glass', these materials are
unbreakable like metal and at the
same time uncorrodable like glass.
Prof. - Anantharaman's team at the
BHU Institute of Technology has
developed an advanced technique for
producing metallic glass which, he
Claimed, was better than the Ameri-
can and Soviet techniques.
major applications of these materials,
-said Prof. Anantharaman, could be

One of

in electric transformers where it could
cut down power transmission losses
by as much as 50 per.cent to 75 per
cent.

As always, the evening public
lectures drew large audiences. On.
January 3, Dr. Raja Ramanna,

: Director, Bhabha Atomic Research
Centre, gave 'an illustrated talk on
"Nuclear Future" in.which he dealt
with the future of nuclear energy in
India. He pointed out that India's
future nuclear power programme
depended on breeder reactors which.
could make use of our nuclear fuel
reserves to the. maximum. But the .

technology «is not fully developed.
-A lot of basic research is needed to
find out all about breeders. After
breeders; Dr. Ramanna said, the next
step would be to go in for fusion
energy and accelerators for producing

He ruled out
accelerators and fusion reactors in
the immediate future because 'of
their high cost and technological
constraints. But he made it clear
that only nuclear energy can meet
our future energy needs.

Dr. .Cyril Ponnamperuma, the
renowned chemical evolutionist from
USA gave a delightful talk entitled

With the
help of beautiful slides he narrated
the exciting discoveries that have led
to new clues to chemical evolution
of life. The evidence came not only
from the rocks on earth but also from
deep space-from interstellar space
and méteorites, the stoney visitors
from outer space. _
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The 19th B.C. Guha Memorial :

Lecture was delivered by Dr. H.K,
Jain, Director of Indian Agricultural
Research Institute. Speaking on
"India's evolving agriculture-Gene-
tic reconstruction and phenotype
gap" he said modern agriculture,
like modern industry, was not only
technology and input intensive but
depended heavily on management
support.
must become a joint venture with the
Government for the millions of small
and marginal farmers if the average
agricultural yield in India were to
become comparable to those of the

developed countries. Government,
he said, could take over the responsi-
bility of providing to farmers at mini-
mum cost a wide range of agro-
services which he called the "missing
link" in Indian agriculture. He said
this missing link was responsible for
the low average yields despite signi-
ficant progress in development of
high yielding varieties of crops.

A new feature of the Mysore
session was the .institution of 20
awards for young scientists by the
Indian Science Congress Association.
The cash awards of Rs. : 3,000 each
are to be given every year to young
scientists selected on the basis of their
presentation of papers at. a special
session. The. General President
Prof. Menon announced the names
of 19 awardees for this year. at the

valedictory function on January 8.

He said the awards are basically.
intended as recognition of talent;
but they would also help meet the

travelling expenses of young scientists

attending the sessions of the Science

Congress to present papers and to

enable them buy smail equipment
for research.

The 70th session of Science Cong-
ress next year is to be held at Tiru-
pati under the Presidentship of Prof.
B. Ramachandra Rao, Vice-Chair-
man, University Grants Commission.

B. B.
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In his opinion "agriculture
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MEDICAL NOTES

Zine in wound
healing

HE involvement of zinc in animal
nutrition has been known since

1934, when scientists reported that
animals maintained on diets contain-
ing only 1.6 mg of zinc pei kilo of
tation suffered from poor body and
fur growth (Todd ef al., Am. J.
Physiol., 107, p. 146, 1934). Later
other observations from different
daboratories confirmed the 1equire-
ment of zinc in proper nutrition in
animal systems irrespective of the
species (Hove et. al., Am. J. Physiol.,
124, p. 750, 1938; Day, H.G. and
McCollum, E.V., Proc. Soc. Expl.
Biol. Med., 45, p. 282, 1940;
J. Nutrition, 33, p. 27, 1947).
In human system also zinc plays

a significant role in nutrition. After
absorption which occurs mainly in
the small intestine, specially from
the duodenum, zinc 1s widely dis-
tributed in the tissues of the body.
Adult human body contains about
1.5 gm to 2.5 gm of zinc of which ap-
proximately 20% is present in the skin.
Bones and teeth contain considerable
amounts of zinc. Zinc is also stored
in liver (to some extent) and can
be accumulated in spermatozoa, pro-
Strate, and epididymis. Physiologi-
cal importance of zinc appeaied in
the literature when it was observed
that carbonic anhydrase (mol. wt.
30,000), a vital enzyme present in
tedblood cells, parietal cells and
renal tubular cells in many animal
species, contains one Zn++ per mole-

cule (Keilen, D, and Mann. T.,
Nature, 144, p. 442,-1939). Super-
oxide dismutase /present inthe cyto-
plasm of liver, brain and blood cells,
leucine aminopeptidase. of intestinal
juice, carboxypeptidase A of pan-
creatic juice, alcohol dehydrogenase
of mammalian liver and many others
are examples of zinc-containing enzy-
mes. Zinc is an integral and essen-
tial part of the insulin molecule.
Protamin zinc insulin, isophane
insulin and globin zinc insulin con-
tain zinc.. It is believed that exo-
genous glucose administration in-
creases release of insulin and simul-
taneously lowers the zinc content of
pancreas. The zinc content of
pancreas also falls during diabetes
mellitus, indicating the participation
of zinc in the storage and secretion
of insulin. However, active zinc-
free insulin preparations are now
available.
Zinc is also related to vitamin A

metabolism. It regulates the syn-
thesis of retinene reductase, a zinc
metallo-enzyme present in retina,
which is required for the reconstitu-
tion of 1etinene, i.e., vitamin A al-
dehyde, during the rhodopsin cycle.
Further, zinc may stimulate the re-
lease of vitamin A ftom the liver into
blood and thus increase its concen-
tration in plasma. Researches
have shown that there 1s increased
urinary zinc excretion (about double
the normal amount) in human pa-
tients with cirrhosis of liver( Valee
et al., New. Eng. J. Med., 255,
p. 403, 1956; 257; p. 1055, 1957). The
reason is that. since alcohol dehy-
drogenase enzyme is a. zinc protein,
the continued use of alcohol may
alter the enzyme in some way lead-
ing to excretion of zinc in the urine.
Zinc is also required for normal
growth development of skin and full
reproductive maturity (Tucker, H.F.
and Salmon, W.D., Proc. Soc. Exp.
Biol. Med., 88, p. 613, 1955).
Although the role of zinc in nutri-

tion is well established; its involve-
ment in wound healing 'in nutrition-

-of zine

ally normal individuals has remai-
ned controversial, As early as

1958, it was suggested that topical.
zine sulphate stimulates healing of
indolent ulcers (Extrapharmacopoeia,
Vol. I., Edn. 24, p. 1248, London, The
Pharmaceutical Press). Since. then
a number of contradictory reports
related to the involvement of zinc
sulphate in wound healing have ap-
peared in the literature. While
some suggested that in human sys-
tem, zinc deficiency relates to poor
wound healing (Pories et al., Ann.

Surg., 165, p. 432, 1967; Serjeant
et. al., Lancet, Vol. ii, p. 891, 1970).
Others challenged the claim (Barcia,
P.J., Ann. Surg., 172., p. 1048, 1970;
Myers et al., Am. J. Surg., 120,

p. 77, 1970). Animal experiments
also differed in their result. When

experiments from different labora-
tories indicated the beneficial effe-
cts of addition of zinc in wound
healing (Strain et. al., Eur. J. Surg.,
Res., 3., p. 279, 1971; Morton et. al.,
Arch. Int. Pharmacodyn., 196, p. 117,

1972), others could not find any
corroborating data (Groundwater,
W., Br. J. Surg., 57, p. 222, 1970;
Norman er. al., J. Nutr., 105, p. 815,

1975). Rather there are reports which

suggest that zinc sulphate did not

influence the wound healing in
_

con-

trol animals whose wounds were

allowed to progress normally (O" Rian
et al., Br. J. Plast. Surg., 21, p. 240,

1968; Oberleas, D., Am. J. Surg., 121,
p. 566, 1971). This controversy

-

which is also valid in case of vitamin
A when involved in healing .pro-
cedure ofwounds might be due to the

differential action of zinc on wound

healing (Hunt, T.K., Aan. Surg.,

170, p. 633, 1969).
To verify this, recently a group of

Indian workers from Pharmacology

Department, JN. Medical College.

Belgaum (Karnataka) had under-

taken a study on the influence

sulphate on normal

and steroid depressed

(Continued on page 124)

wound

healing in rats, rabbits and guitiea-



Diurnal motion in a

bath

think all of us are acquainted
(at least through cinema) with the

bathtub in a modern bathroom,
where a person can get himself im-
mersed in water during bathtime.
What happens when the bath is over?
The plug inserted into the hole at
the bottom of the bathtub is taken
out and water flows out.
If one observes the flowing out of

water with a little care, one will
find a small but significant pheno-
menon. The running water forms
a vortex on the surface of water, it
spins round as it goes out; and the
direction of. whirling is always anti-.
clockwise:
India is situated in the northern

hemisphere, that is, on the northern
side of the equator. There are also
many countries in the southern hemis-
phere, and big cities like Buenos
Aires, Lima, Cape Town, Sydney,
etc., are all situated south of the
equator. What happens when. the
plug is taken out from a bathtub in
these cities? Here, the water does
flow out spinning, but the direction
of spin is different. The water spins.ma clockwise direction.
Equador is a country in South

America. Its capital city Quito is
situated right on the equator. If
anyone in that city removes the plug

tub

of a bathtub after bath what does
one observe? The water goes down
through hole all right, but it does
not spin!
You must be wondering, what is

the matter? Who spins the water in
the bathtub? Wind? Or is it some-

Fig. 1. All places on the earth's surface do not move with the sante velocity. A and C which
are away from the equator move slower than B which is on the equator. |Due to this, bath

WEE cise?Why is the direction of the
spin different in the two hemisphe-
thing

res? Why is no spin observed.on the

equator.
All these questions once puzzled.

scientists. In order to find out the
correct answer, Professor Ascher
H. Shapiro, Head of the Department
of Mechanical Engineering at the
Massachusetts Institute of Techno-
logy, U.S.A, did an experiment in
1962. Instead of a bathtub, Pro-
fessor Shapiro used an enormous sau-
cer, 2 metres across but only £5 cm,

oa SCIENCE
é FOR THE

7) YOUNG
deep with a hole about 10 mm in.

diameter exactly at the centre. He
placed the saucer in a dark, almost

airtight compartment and filled it

up with water. After allowing the
water to settle for 24 hours, he ope-
ned the plug and found that the
water flowed out spinning in the
anticlockwise direction. Professor
Shapiro's laboratory was in the
northern hemisphere.
In southern hemisphere, Professot

Shapiro's experiment was repeated

OR

tub water spins anticlockwise at A and clockwise at C. There is no spin at B.
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University of Sydney, Australia.
They placed a circular tank, 2 me-
tres. in diameter and 23 cm deep
with a central outlet hole in.a base-

'ment room with no windows. A
uniform temperature. of 20°C was
maintained in the room throughout
the experiment: by thermostatic con-
trol,
and covered with two plastic sheets,

jeaving only a small slit for observa-
tion. After allowing the water to
settle for 18 hours the experimenters
opened the plug and observed through
the narrow slit to their astonishment
that the water swirled in a clockwise
direction while it flowed out!
The last experiment was conducted .

in a hotel bathroom at Nanuki, a
small town in Kenya. The hotel is
situated just on the equator.
tub in the hotel was filled up with
water and paperdust was sprinkled.
on the surface. When.the plug was

the

paperdust went straight down the
pulled out, water. alongwith.

drain without spinning in any direc-
. tion.

Now, here is the explanation: The
earth is spinning round its own axis,
once in about 24 hours. Angular.
velocity of this diurnal motion is Wequal everywhere on the surface,
-viz., 360° per 24 hours; but not so
the linear- velocity. Linear velocity
is maximum on the equator where the
surface of the earth moves east-
-wards with a velocity of 1600 km per
hour. As we move away from the

equatoi, towards the north or south,
the velocity diminishes proportio-
nately. In Delhi, where the latitude
is about 29°. 30' North, this velocity
is 1133 km per hour.
Now, if one constructs a giant

sized bathtub whose southern part
'touches the equator and northern end
is in Delhi, then water on the sou-
thern part will move eastwards with
"a. velocity of 1600 km per hour,
whereas that on the northern. end
will move with a velocity of 1133
km per hour in the same direction.

gCIENCE.REPORTER

The tank was filled with water

A bath-

water as it drains away.
Though in practice no bathtub of.

such large dimension is possible to
construct, this principle is applica-
cable to any. smaller bathtub. In
the northern hemisphere southern
part of. any bathtub moves with a

velocity slightly greater than that of . ing fom 0° to 180° (i.e, North-South)
the northern part. Similarly in the
southern hemisphere, northern part of
a bathtub moves faster than the
southern part. So in the northern
hemisphere, bathtub water spins anti-
clockwise whereas in the southern / 2°-182° axis'and so' on. Here too the »

hemisphere, it is spun in the reverse
direction. On the equator both
ends of the tub move eastwards with
the same velocity of 1600 km per
hour. So there. is no spin in the

outflowing water.
The. bathtub experiment has close

resemblence to the classical expeti-

anticlockwise spin is imparted to the
ment conducted: by Jean. Fou- -

cault in Paris in 1850. Foucault
suspended a heavy weight on a long
rope from the.hook in a high ceiling
in such a manner that the weight
hung exactly over the centre. of a
circle on the floor graduated into
360 subdivisions with 0° as the true
north. He set the 'pendulum' swing-

across. the circle and observed with
astonishment that this . to-and-fro.

by L.M, Trefethan and others of the Due to this difference of velocity an

motion of the weight changed direc-
tion anticlockwise from 0°-180° axis,
after sometime, towards 1°-181° axis,

spin is imparted to the pendulum by
the earth's rotation as in the case
of the bathtub water.

PRATAP CHATTOPADHYAYA
Taki Govt. Collége -

Taki, 24 Parganas
(West Bengal)

. interesting characteristics.
ample:

,named the number as

The fascinating world of the
number

HEN 'one divides -1-by -7, one

gets,. after a decimal sign,
the. mysterious number 142857 as

many times as one can persue the
calculation. This number has some

For - ex-

142857 x 1 142857
142857 x 2 = 285714.
142857 x 3 = 428571
142857 x 4 - 571428
142857 x 5 = 714285.
142857 x 6 = 857142
In the above multiplications, the

results contain the same digits as
the number 142857 but arranged in

cyclic order. That is why Shakun-
tala Devi, the human computer,

'revolving
number',
Recently, D.R. Kaprekar, the well-

known mathematician, has. pointed

118

even). Now, divide.
020408122449 into two halves. These

are 020408 and 122449. When the

halves are added together one gets
the number 142857 again (020408 +
(122449 =

142857

out another interesting property of
the number. This is as follows:

(142857)? =0 20408122449 (the "

number 0 is added onthe left hand

side to make the number of digits
the number -

142857).
The digits of the number 142857

when arranged in a cyclic order yield
the numbers 428571, 285714, 857142,

571428, 714285 and 142857. The

square of any of these numbers, Kap-
rekar has pointed out, when treated

in the above mannei, gives ©
a number

from the group of these six numbers.
For example:
(428571)?= 183673102041 (the add-

ition of 0 on the left hand side of

FEBRUARY 1982



Fig. 1

the number is not necessary because
it contains an even number of digits).
When the halves of the number

183673102041 are added together
one gets, 183673-- 102041 -285714.
The number 142857 has many other

interesting properties. Each digit
of the number is expressible by other
two digits using addition and sub-
traction sign.
For example:{-5-4
4-5- I

2=7-5

5-14+-4
7-5+2
The number 142857 itself is also

expressible by the help of its digits
as follows:
142857 = 7+5 x 7 x (8+2)?+ 7x
(8 x2-1) #1 53 (8+2)4
Now, put the digits of the number

on the vertices and on the mid-
-

points of the sides of a triangle as
shown in Fig. I . One gets the sum
of the digits on each side of the
triangle equal. .

Divide the number 142857 into
three numbers of two digits. They
are 14, 28 and 57. Each of these
numbers is expressible by other digits
of the number. For example:
I4=2x8+45--7

and

57=(L4)x24148
(L4- 4. 3x2x))

The factors of the number 142857 -

are 3,3,3,11,13, and 37 which are
prime numbers. Moreover. the fac-
tors add upto 33431 13437

FEBRUARY 1982

== 88 .,a palindromic number;
(A number is said to be palindromic
if it is the same number when vie-
wed from the right hand side or left
hand side.

bers). .

Also, 1x4 -4 2x8 5x7 = 55

4x2+ 8x54 7X1 =55
1x4 x2x8+ 5x7 --99
T1+58+42=171
514-72+-48=171
78+-52+-41=171
428+-157=585 and
142+ 857=999.

All these are palindromic numbers.
Number-digit of a number is the

digit obtained by adding the digits
of the given number. If the sum of
the digits of the given number con- 2+7=9
tains more than one digit, repeat the
procedure till a single digit is the
result. For example, take the num-
ber 2475. The number digit of this
number is 9 (2+447-+5 = 18, Le.)
1+-8=9).
Take the number 142857. Place

below each digit, the number digit
of the number formed by the other
digits. So, one has to place the
number digit of the number 42857,
which is 44+2+8+5+7-26, i.e.,
2+ 6=8, below the first digit 1.

Similarly, one has to place the num-
ber digits 5,7,1,4 and 2 below the

digits 4,2,8,5 and 7 respectively.
So, the new number obtained will.
be 857142. If one treats this num-
ber in the above manner one gets
the number 142857 again, i.e

142857
857142
142857

Same holds true for the numbers ob-
tained by the cyclic arrangements of
the digits of the number 142857.
The devisors of the number 142857

except 1 and the number itself are

11, 13, 27, 37, 143, 297, 351, 407, 481,
999, 3861, 5291, 10989 and 12987.
These numbers are expressible as the
difference of squares of two numbers
as follows. :

new number

119

For example, 44, 121,
and the like are palindromic num-

44848-27-+247-9;.
and
142857 x 369 - 52714233 - 54-247

SCIENCE FOR THE YOUNG.
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27= G- ¥
37= 19%.-18?
143=127- 12

297=212-12?
351=20°- 7?
407= 2421

3861- R52-582
5291 =210?--197?
10989 5052494?
and 12987=506-4932
Moreover, when all the divisors are
multiplied it gives the number
(142857)'.
The number 142857 gives 9 in many

different ways. The digits of the
number add up to
142857

The sum of all the numbers from
1 to 142857 is equal to 102039
89796 which is also 9 as follows
10203989796->1+04+-2+0+34948
+947+94.6=54 >54+4=9.
Themissing digits, that is, the digits

from 1 to 9, which are not in the
number 142857 are 3,6 and 9. The
numbers formed by these digits are
369, 396, 693, 639, 963 and 936
respectively.

13=-

1

8) (5
999== 52

f

Sam 7

When any of these numbers are
added to, subtracted from, or multi-
plied by the number 142857, one
gets 9. Forexample, 142857+ 369=
(143226 -> 14443424246=18 +
1489;
142857-369 142488+ I

14-44243+43=27->247=9.,
Now, divide the number 142857

into three blocks of equal number
of digits. These are 14, 28 and 57.
The number-digits of these blocks
are 5, 1 and 3 respectively. The
number formed by these number di-

44.24

gits are 513, 531, 351, 315, 135
and 153. When any of these numbers °

are added to, subtracted from, or
multiplied by the number 142957, it
again gives 9. For example:
142857-4-513= 143370-+1+4+4-3+

SCIENCE REPORTER,
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81944294. = 13950
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34.740=18>14+8=9,
142857 - 513= 142344 > 144424
34-44.4-18->148=9,
and 142857 x 513= 73285641

~>T4342484546+441=36>
34+6=9.
Also,
21245%478 = 8550-»8-+ 5+5+0
=18 + 9;
159+.2424.78?==6885->648+8-+5=.
27.>24+-7=9;
5144.42? 87? 11934->1+1+9-.
3+4=18+>148=9;
182424-4 ST4149-944 14-449

842 722= 12384+1+2+3+8

212 005233035366746
18->1+8=9;

+0=18+1+8=9; and
1254-5484 872= 10629 -+1+0+
6-+-24-9== 18-148=9.
Moreover,
425P4 18%== 18122373-»148-4-1-42
4-24-347+27->2+-7=9, and
4257-184= 1812172514.8-4-1442
+14-74+24-5=27-+247=9,
Similar result holds good for diffe-
rent numbers formed out of the
number 142857 in the above manner.
Again, divide the number 142857

into three blocks of equal number
of digits, the sum of which is 9,
the digits being in ascending order
of magnitude. These are.18, 27 and
45. Each of these numbers is ex-
pressible by other two. For example,
18=45 - 27,
27=45 -18, and

45= 18+ 27.
Now divide the number into three

parts, namely, 14, 28.and 57. Re-
verse the digits of each part, write
them serially to get a new number
418275. .Then,
418275-142857=275418, which is
the number obtained by cyclic
arrangement of the digits of the
number 142857. Similar result holds
good for the numbers obtained by
cyclic arrangement of the digits of
the number 142857.
Finally, when the number 142857

is multiplied by 7, it gives
142857 x 7=999999.

AJOY Roy CHOUDHURY
Deptt. of Mathematics

Karimganj College
. Karimganj-788710 (Assam)

18 1+8 9;

which the ruminant's need for glucose
is satisfied. The pregnant ruminant
has greater demands placed upon
gluconeogenesis due to the glucose
requirement of the fetus, but the
demand becomes even larger during
lactation when glucose production
increases by over 50%. The udder
needs glucose for milk production;
glucose is necessary for the forma-
tion of lactose and it provides glycerol
phosphate for triglyceride synthesis
and glucose-6-phosphate for the
pentose phosphate pathway which
generates NADPH for fatty acid
biosynthesis. In an attempt to
produce as much glucose as possible
for milk formation, the
sometimes develop "bovine ketosis"
in which the ketone bodies in plasma
rise very high and result in acidosis
and toxicity. No problem ofthis
nature is encountered in man.
Compared to adult animals, many

species show marked hypoglycemia
(iow level of sugar in blood) immedia-
tely after birth. This, in all pro-
bability, reflects utilisation of glucose
in excess of its formation possible
at that time. Considerable evidence
has accumulated to show that gluco-

SCIENCE REPORTER

animals.

HOW. BODY FIGHTS STARVATION (Continuedfrom page 96)

neogenesis plays a significant role
in meeting the glucose needs. of the
animal as soon as the readily avail-
able stores of liver glycogen are
rapidly depleted in the immediate
postnatal period. Premature babies
often show symptomatie_ hypo-

glycemia, which continues perhaps
due to the lag in the initiation of
gluconeogenesis.

Conclusion

Gluconeogenesis is a significant
metabolic event in higher animals
in various physiological and patho-
logical conditions. It. ensures the
supply of glucose to the brain even
during starvation, so that the func-
tion of the organ is preserved. It
achieves the recovery of
during exercise and metabolic
acidosis. However, the process
is not entirely economic in view
of the energy transfer from high-
energy phosphates necessary at the 4.
initial steps. The switch of the
glycolytic liver to a gluconeogenic
organ is an important transition in
the post-natal development. In
ruminants, gluconeogenesis is the
principal means for providing

120

carbon

Snell,

glucose essential formilk production.
Degradation of amino acids to

produce glucose should be viewed as a

waste, since it involves loss ofnitrogen
as urea. Unfortunately, this is the
situation in diabetes, fasting and glu-
cocorticoid excess. However, in

prolonged starvation muscle proteins
are relatively conserved and amino
acid gluconeogenesis gradually decli-.

nes. These effects together with
brain's shift from glucose to ketone
bodies as its main 'oxidative fuel.

contribute to the surival of the orga-
nism.

Further reading

1. Exton, J.H., Metabolism, 21,
945, 1972.

2. Felig, P., Jbid, 22, 179, 1973.

3. Newsholme, E.A. and Start, C.,
Regulation in Metabolism, John
Willey & Sons, London & New

York, p. 247,. 1973.
K. and Walker, D.C.,

Enzyme, 15, 40, 1973.

5. Odessey, R., Khairallah, E. and

Goldberg,A.L., 4, J. Biol. Chem.,

249, 7623, 1975.
6. Felig, P., Ann. Rev. Biochem., 44,

933, 1975.

FEBRUARY 1982.

al



BOR HER
Why

women are
fatter than

NE of the normal body tissues .

is adipose tissue or fat. We have
internal fat storage areas, mainly in
the abdomina cavity. A certain
amount of fat is healthy and normal,
but the question is how much?
Excess fat in body is deposited

both subcutaneously,
flabby skin, and intra-abdominally,
producing the familiar "Pot bellies".
-In women, the bust, buttocks; and
thighs, which
more subcutaneous fat than those
of men, are often sites for excess

naturally contain

deposition (Fig. 1).
It is often said that this uneven

distribution of female. fat evolved
because of its sexual attractiveness
to tales.. The significance, however,
lies not in. the. distribution of female
fat but in its quantity. The role of
fat-in women, as might expect,
is closely tied to reproduction A
certain amount of body. fat seems
hecessary in order to release eggs.
Excessively lean women. may be

. Sterile for this reason. This . may
be nature's way of protecting both

Table 1.. Reconinetided (approx.) daily dietary nutrients for adult

Male Female Female
(pregnant)

Total calories 2700 =. -s 2000 2300
Total protein (g) 5 46 --.sCéSCGE

Unsaturated fatty acids (g) 6 6 6
Fat-soluble vitamins (mg) (A, D, E, K) 55 +52 35

+Water-soluble vitamins (mg) (B&C) 470 465 885
Minerals (mg) (Calcium, Phosphorous and Magnesium) 1950 190 2850

Fig. 1. Sites of fat depesition on obese men
and women

mother and child. A glance cat

Table 1 shows that pregnant wo-
men need more calories; if food sup-.
plies temporarily fail, adequate ma-
ternal fat stores can be mobilized
to see mother and child through the.

Crisis. ye

In general, fat men suffer more
often from heart disease, diabetes,
and other disorders.

towards foods that increase blood
lipid levels, which may be correla-
ted with fat deposition in the arte-
ries, or 'atherosclerosis'. Nearly
every case of obesity is caused by
"hyperphagia" or overeating.

G. RAJARAMI REDDY»
L. MANIRAJ BHASKAR .

S.V.U.P.G. Extension Centre

leading to |

Kavali-524 202 A.P.) .

Preservation of butter

UTTER is.a familiar article on..

"the dining table practically in all
It is mainly produced .

from cow s
+ and buffalo milk and also «-

to some extent from the milk of

the countries.

other animals. It is a mixture of
milk fat, butter milk and water
usually with salt and added colour
containing not less than 80 per cent
by weight of milk fat.
Keeping quality of butter is of

interest to all butter manufacturers
and consumers alike.
the comparative stable. character,
butter undergoes spoilage and- de-' -undesirable consequerices such "as
terioration in quality due to the. in- ., decomposition of fats, proteins, and

robial activities,

In spite' of

fluence of chemical agents and mic-

the spoilage of butters to various
factors such as storage temperature,
sunlight, moisture and metallic con- -

tamination. During storage oxida-
tion of fatty acid esters is believed
-to b responsible for the. spoilage.
But microbiologists trace the cause
of deterioration and spoilage in er-
ratic enzymatic activities of micro-
organism, which give rise to the
development of hydrolytic rancidity
and 'other defects in butter. The

The. diet of
the overweight too, is often slanted

men

Chemists attribute



FOR HER
lactose, take place generally in water
phase due to microbial activity.
Mold growth on butter is rather a

widespread and serious problem.
The grown of this group of organism
is favoured by high humidity and
comparatively low temperature.
These organisms are highly aerobic
in nature and grow readily on humid
surfaces resulting in rancid, moldy
flavour and other defects in butter,
making it unacceptable for human
consumption. Among the bacteria
probably Escherichia coli is of
prime importance, as spoilage orga-
nism of butter. The cause may be
attributed to unclean water supply
and unhygienic procedures of pro-
duction. Strict hygenic control in
the manufacture of butter and pro-
per care in the packaging and. trans-
port in summer months can, to a
large extent, reduce the chance con-
tamination of butter by microor-
ganisms.

Traditionally sodium chloride is
added te increase the shelf life of but-
ter without any adverse effect on its
nutritive value, texture and taste.
With the advancement of knowledge
the property of sodium chloride
(common salt) as a1 bacteriostatic
and fungistatic agent has been
found to be limited. Search for
better substitutes of sodium chlo-
ride had been engaging the dairy
microbiologist for the last decade.
The compound potassium sorbate

and its salts have had wide appli-
cation in the food industry as anti-
fungal agents. These are commonly
used in wine, baking, salad, meat,
margarine and cheese products. This
is the only preservative which has
been permitted by U.S. Food and
Drug Adnmiinistration for use in 27
varieties of natural and processed
cheese.
Potassium sorbate has been found

to be harmless as a compound of

food because of its outstanding qua-
-lity in comparison to other fungista-
tic agents and its nontoxicity in die-
tary constituents. The widely ac-
claimed quality of this compound as
fungistatic agent was studied with
respect to butter by the authors.
The effect of addition of potassium
sorbate alone was found to be less
pronounced on the inhibition of the
growth of mold irrespective of sto-
rage temperature. The study re-
vealed that the addition of potas-
sium sorbate alongwith sodium
chloride in butter reduces the release
of free fatty acids, brings about a
check on microbial population ofbut-
ter and thereby enhances the shelf
life manyfold to the great benefit of
both manufacturers and consumers.

AJAY KAUL.
JAsuIT SINGH

Division of Dairy Bacteriology
National Dairy Research, Institute

Karnal (Haryana)

ORGANIC MOLECULES (Continued from page 91)

and thermodynamic parameters of
such conformational exchanges could
be determined by variable tempera-
ture NMR spectral measurements.
In recent years extensive use of high
Tesolution NMR has been made to
study the conformational changes
in both cyclic and acyclic molecules.
Barriers to various rate processes

'have been determined in the range
of 5-25 Keal/mole. Large. barriers
eccur in the stereoelectronically hin-
dered rotation about single and
partial double bonds,

* inversions of atoms like nitrogen,
hindered

sulphur, etc., and strained ring inver-
sions. ..

SCIENCE REPORTER

Further reading

1. Thomas, W.A., in Annual
Review of NMR Spectroscopy,
Vol. 1, edited by E.F. Mooney,
Academic Press, London
1968.

2. Binsch,, G., Topics in Stereo-
chemistry, Vol. 3, Edited by
E.L. Eliel and N.L. Allinger,
Interscience Publishers
New York, 1968.

3. Jackman, L.M. and. Sternhell,
-S., Applications

;
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Inc.,

of Nuclear

Magnetic Resonance . Spectro-
scopy in Organic Chemistry,
2nd Edition, Pergamon Press,
1969. o

4. Roberts, J.D. and Casserio,
Principles ofM.C., Basic

Organic Chemistry,- W.A.
Benjamin, Inc., New," York,
1964.

5. Jackman, L.M.
-F.A., Dynamic Nuclear Magnetic
Resonance Spectroscopy Aca-
demic Press, New York, 1975.
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TECHNOLOGY
FOR VILLAGES

An improved
gobar gas

plant
ETHANE gas, a combustible
fermentation product of cattle

dung, has been used as a domestic
fuel and had been suggested as an

energy source in India as far back
as the 1930s at the Indian Agricul-
tural Research Institute, then the

Imperial Agricultural Research Ins-
titute, Delhi. Original contribu-
tions on the designing of the gobar
gas plant are those of Professor N.V.
Joshi and Jashbhai Patel. Patel's
III design of 1951 was adopted by the
Khadi & Village Industries Commis-
sion (KVIC) a decade later.

had- been installed unde: many
village-development programmes.
The number of such plants has shown
a manifold .increase 1ecently.

The KVIC plant has two main
parts, viz., a digester and a gas
holder (Fig. 1 Left). The digester, in
which fermentation of cattle dung

. takes place is dug below the surface
level like a well. It is brick lined
and made water proof with cement.
The dimensions vary according to have been tried for-the gas holder;
the gas generating capacity and the
quantity of raw material fed daily.
The digester is vertically divided into
two semi-cylindrical parts by a

»

By the
€end of 1974, over 7000 of such plants

brick-wall partition. The raw mate- .

rial is fed in the form of a slurry
(dung: water=4:5) from an inlet
chamber to the bottom of the diges-
ter by means of a cement -pipe.
Initially the first semi-cylindrical half
fills with the slurry and after several

days of use it overflows into the
second half. The second semi-

cylindrical half is connected to the
outlet chamber through a cement

pipe, which is at a little lower sur-
face level than the inlet chamber.
Slurry from the outlet chamber is
directed to compost pit. When both
the semi-cylindrical halves are full of
slurry, if more raw material is ad-
ded from the inlet chamber, an
equal amount of exhausted slurry
flows out of the outlet chamber and
the process continues.

The gas holder, usually a mild
steel drum, fits in the upper part of
the digester, where there is no ver-
tical partition, like an inverted cup.
Because of its own weight gas holder
sinks into the slurry and rests on a

projected collar made for the pur-
pose.. Upon fermentation, the gas
bubbles collect in the gas holder
and due to gas-pressure the holder
rises and floats freely on the surface
of slurry. A delivery valve is fixed
at the top of gas holder for distri-
bution of gas. The gas holder is
held straight with the help of a guide
pipe fitted in the centre of the frame
and is fixed at the bottom in the

masonary work.

In the KVIC design the gas holder,
made from mild steel, suffers the

problem of fast corrosion as it comes
in direct contact with the slurry.
Other materials like .ferro-cement,
reinforced polyester, treated wood,
plywood, plastic, polythene with
bamboo-basket reinforcement, etc.,

but none has proved to be a suitable.

replacement for mild steel.

For mild steel gas holder, KVIC

has suggested both mechanical and
chemical treatments to partially over-
come the problem of corrosion. In
mechanical treatment, daily clean-
ing of scum around the holder is

suggested as a preventive measure.
Whereas chemical treatment invol-
ves coating of synthetic enamels.
But scratches to the surface in-
crease the rate of corrosion. Be--
sides, this, long-time contact with
slurry deteriorates the enamel itself.
This leads to an increased 'mainte-
nance cost.

In view of the above problems of
treatment of gas holder and in order
to cut down the maintenance cost of
the plant. The KVIC gobar gas
plant has been redesigned. Some
preliminary investigations (bench
scale) on the corrosion of gas holder
indicate that the modified design is
moie economical with an incieased
life span of the gas holder.

In the modified gas plant (Fig. 1

Right) the digester remains almost the.
same as in the KVIC plant but tank
for the gas holder and the main
digester are separated horizontally by
a concrete partition, forming a cei-
ling for the digester well and a floor
for the gas holder tank. 'A leak-
proof pipe open from both ends is
fixed in the centre of concrete
floor. This pipe connects the diges-
ter and the gas holder and leads the

gas formed in the digester into the

gas holder above the liquid level. -

This arrangement enables filling of
gas holder tank with pure water,
which in turn adds to the life span
of gas holder by reducing the. cor-
tosive effect of dung slurry. More-
over, daily cleaning of the gas
holder is not required. The rusting
ofmild steel gas holder may further
be reduced by pouring a few liters
of burnt mobil oil from automobile

engine on the surface of water after

installing the gas holder.

The arrangements for dung feed--
f
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Fig. 1. (Left) The KVIC plant; (Right) Modified gobar gas plant

ing and exit of exhausted slurry are
similar to those of KVIC design ex-
cept the surface levels of inlet and
outlet chambers. As apparent from
Fig. 1 (Left and Right), the main
difference in the constzuction of the
improved plant is that the gas holdet
tank is constructed above the
ground level. Three or four guide

pipes are fixed at the periphery 1n-
stead of one at the centre in the
KVIC design. Besides, this, open-
ings of inlet and outlet pipes have
been extended to the bottom of the
digester, thereby increasing the
effective fermentation volume.

Further investigations on commer-

MEDICAL NOTES (Continued from page 116)

pigs. They employed excised, 1n-
cised and granulation tissue as test
objects. Results indicated that zinc
sulphate, whether through topical
or parenteral application, did not
affect granuloma weight, wound con-
traction and time for epithelisation
in control animals whose wounds
were allowed to progress normally.

SCIENCE REPORTER

cial exploitation of the plant are in
progress to work out the economical
aspects of the new design.

NARENDRA J. SINGH
Geochemical Laboratory
Deptt. of Earth Sciences

Roorkee University
Roorkee 247672

On the other hand, the steroid indu-
ced depression of healing was signi-
ficantly prevented by zinc sulphate
treatment. The scientists thus con-
cluded that pro-healing effect of zinc
sulphate on steroid depressed wounds
is mdependent of any possible in-
fluence of steroid on serum zinc
level and 1s different from the mode

124

of action of vitamin A considering
the same aspect (Diwan ef al,
Ind. J. Pharmac , 11, p. 257, 1979).

SHIKHA Das
Deptt of Pathology

PRASANTA KUMAR MITRA

Depit of Biochemistry
N.B. Medical College

Siliguri, Darjeeling-734432
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BOOK REVIEWS
IMPACT OF THE DEVELOP-
MENT OF SCIENCE AND TECH-
NOLOGY ON ENVIRONMENT,
Eds. AK. Sharma and Archana
Sharma,
Association, 14,° Dr. Biresh Guha
Street, Calcutta, 700 017, Pp. 196,
Rs. '150.

HE annual sessions of the Indian
Science Congress have today

become amajor event in the country's
In the present

day world of specialised seminars and
conferences, the Science Congress
offers perhaps the only common

meeting ground where leading scien-
tists of different disciplines can
meet and exchange notes. Such an

.interdisciplinary approach becomes
counterproductive with no specific
sense of direction. In the past many
critics of this approach have dubbed
the annual sessions of Science Con-
gress as nothing but 'melas' out of
which nothing substantial ever came
out. May be, they had a point. But
things have changed. For the past
seven years, each session of the
Science Congress has been devoted to
a 'focal theme'. This approach has
given a sense of direction and purpose
to these annual meetings.
The volume under review is a

collection of selected papers presented
on the focal theme "Impact of the
Development of Science and Tech-.
nology on Environment" at the 68th

'session of the Science Congress at

the. Prime
address and the General President's.

the volume contains 18

Minister's inaugural

address,
paptrs by leading scientists from

technological

Indian Science Congress.

India and abroad. They touch upott
almost. every aspect of the focal
theme. They not only bring out
the real magnitude of the problem of
environmental degradation due to

progress, but also
suggest remedial measures.
The topics covered include: Gene-

tic Manipulation (E.A. Bevan, UK),
Genetics and Society.(H. Rees, UK),
Environment and Development
(Margaret and -A.K. Biswas, USA),
Biodegradation of Pesticides (C.R.-
Krishna Murti, India), Methods 'of
Analysis of Genetic Damage in Man
Caused by Environmental Agents (T.
Caspersson, Sweden), Forest Ecology
as an aid in pollution Control (P.S.
Ramakrishnan, India), Water Pollu-
tion and its Control in India N.S.
Deodhar and K.J. Nath, India), and
many.more. Each paper is written
in a lucid style and includes an exten-
sive list of references for the benefit
of the serious reader. Recommen-

dations made at the Varanasi session
are given in the Appendix. As a

work of reference the volume will be
useful for anyone concerned with
environment. It is hoped ISCA
would bring out similar volumes in
future also.

BiMaN Basu

CATASTROPHE THEORY AND
APPLICATIONS edited by D. K.
Sinha, South Asian Pub ishers Pvt.
Ltd,, New Delhi, 1981, pp xii+ 158,
Rs. 75/-.

NCE in a long while, the
world of science witnesses

tlie emergence of a gigantic perso-
nality or a new idea holding the

centre of the stage for quite some time
and. opening up an entirely new-way
of looking at a whole range of

phenomena. Albert Einstein and
Chomskian linguistics are but two. !

theory, .

. pioneered by Réné Thom and made
Besides examples: Catastrophe

©

popular by. E.C. Zeeman, was a

potential candidate to be added to.
- this short list of developments of

far-teaching and wide ranging con-
sequences but is still struggling to.
make the grade:

Catastrophe theory (which in
essence concerns sudden effects pro-
duced by gradually changing forces)
inds application not, only in mathe-.
matics and the physical, earth and
engineering sciences but also
life sciences, sociology and linguistics. .

The volume under review is a
collection of thirteen papers, origi-
nally presented at a seminar on

~

applications of catastrophe theory at
Jadavpur University in 1979. The
first five papers are by E.C. Zeeman
of Warwick University. Almost all
the other contributions come from
Calcutta or. Jadavpur Universities;.
one each. comes from. Burdwan.
University and the Indian Institute
of Technology, Kanpur. The topics
covered include bifurcation in bio_
physical systems, mechanism. off

. aggression, decision theory, bioche-
theory,mical oscillators, game

rolling of seawaves, anorexia, thought
and language, nuclear scattering, etc. __

A select bibliography-on catastro-

phe theory by two experts and short.
answers by E.C. Zeeman to ques-....
tions from the floor are also included
in the volume.

None of 'the papers is provided
with an abstract.

papers. Tliere are a few spelling .

mistakes and the print appears
emaciated in a few pages.

SUBBIAH ARUNACHALAM

PHYSICS FOR ENTERTAINMENT
by Ya. Perelman, Mir Publishers,
Moscow, 1975, Reprinted 1980;

(Available from: Peoples -Publishing
House, 2Marina Arcade, Connought
Circus, New Dethi-110001), Book
1, Pp. 264, Book 2; Pp. 331 (Price

tainment has been entertain-

ing Russian readers for more than

sixty years now.. Its popularity has

Many are ery
brief and in the nature of review.

not stated).

A. Perelman's Physics for Enter-
Varanasi in January 1981.



author's death in 1942.

BOOK REVIEWS,

sustained through the two lakh
copies printed till the thirteenth
edition in 1936 and has survived the

It has been
translated into many languages
including Yiddish and Hebrew.
In its English version which first

appeared in 1962 from the 18th
Russian edition and has been reprint-
ed in 1980, the book is an equally
entertaining and engrossing one not
only for professional physicists but

_ also the layman interested in the
world around him.

Seen through Perelman's eyes the
world is indeed fascinating. What
would happen if the world suddenly
stopped spinning, or if the air became
stationary, or if man developed the
ability to see events occurring in a
thousandth of a second. The events,
obeying known physical laws, which
would occur under those circums-
tances are described in interesting
details.

Interspaced in these accounts are
references to the insights of the
famous scientists and writers like
H.G. Wells, Jules Verne and the
"German Galileo'',Otto von Guericke
-who on May 8, 1654, dramatically
demonstrated that even 16 horses
could barely pull apart 2 evacuated
copper hemispheres of 37cm diameter.

people may know that it is the same
atmospheric pressure which holds
the human pelvis together.
An interesting feature of the two-

volume set is the historical descrip-
tions of the evolution of applica-
tions or inventions based on common
physical principles like Bernouilli's
principle or atmospheric pressure.
There is. an account of a small pitcher
with many holes at its rim from
which the noblemen in 17th and
18th centuries would ask their guests
from the lower classes.to drink wine.
Because of the holes, it was not
possible to drink without getting wet,
unless one knew the trick, and this

SCIENCE REPORTER

would send the nobles into fits of
laughter. A 'sadistic pleasure per-
haps, but the invention itself was
quite novel!

History is full of accounts of
'inventors' trying to create'.the so-
called "'perpetual motion machines',
which would keep on running
indefinitely
source of energy. What is a "'per-
petual motion machine" is explained
clearly and succinctly: It is
imagined mechanism which continues
its motion without end and mean-

. while can also do some useful work,
as lifting a load, for instance."

There are interesting features about
many common phenomena; how
sound plays tricks on the human

. ears, why photographs appear "'flat''
to the viewer, why there is a differ-
ence in heights of the Eiffel Tower
during summer and winter.

The two volumes have been divi-
ded into various sections-mechanics,
properties of liquids and gases, heat,
light, sound and magnetism and
electricity. At the end of each
volume, 99 questions based on the
contents of the books are provided,
presumably to test how much the
reader has understood them..

The author has been able to show

only very interesting and encourages
scientific thinking, it is also a subject
which is intricately linked with our
everyday lives. What a pity there

without any external

a thin foil. It is now ari essential
ingredient of microelectronic devices
which producés an electrical inter-
connection system providing neces-
sary mechanical support and a favo-
urable environment for the compo-
nents it 'enterconnects. It has a
number of advantages and provides a
cost effective technology for . the
electronic industry.

The book under review is the
second edition. Its first edition has
already been widely accepted a a
standard text-book on the design of
PCBs. The author J.A. Scarlett,
who is an- authority on the subject,
has used his expertise and long
experience in bringing out this
second edition with additional chap-
ters on computer-aided design for
PCBs.

an

The first three chapters of the book
introduce the microelectronic pack-
ages, the printed circuit boards and
their properties. The fourth and
'fifth chapters present an overall
picture of board manufacture and
its art work. Chapters 6-9 give in
detail the board layout, track rout-
ing, power distribution and pack-
ing density, board size and its guides
and connectors. The. flexi-rigid
boards, printed circuit back wiring

in the last five chapters. In the dis-
cussions, emphasis is on the 'design
techniques which are efficient and
cost-effective.

While many of us may be familiar
with this experiment, relatively few

that physics, ifproperly studied, is not board assembly, etc., ate discussed

are few books of this type published
in India!

Ravi P. BHATIA

PRINTED CIRCUIT BOARDS
FOR MICROELECTRONICS by
J.A. Scarlett, Electrochemical Publi-
cations Limited,29, Barns Street, Ayr,
Scotland KA 7, 1X6, Pp. 284 (1980),
$70 (plus $ 3.00 for postage).

RINTED Circuit Board or PCB.
is a reinforced plastic base

carrying copper tracks in the form of

126

The beauty of this book is that it
provides a fundamental but practical
background of the rapidly growing
PCB technology in a lucid form. It
presents an excellent expose of the.

subject matter. It is truely designed
to be an introduction to students,
circuit designers, board manufac-
turers and system engineers. The
easy language of the text would edu-

Cate even a person who is not working
in this area.

BIBEK BANERJEE
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FOULSHAM TAB BOOKS
New Ways to Diagnose Electrenic Troubles
by Jack Darr Rs. 30 00
Jack Darr has been in the electronic service business since 1927
and from this you can imagine how much experience he must
have poured into this book This book mostly concerns TV
servicing but other appliances are also included.
How to Use Instruments in Electronic Servicing
by Shunaman Rs 3600
Many of the electronics instruments which you use can perform
many more functions than you actually know Here in this book
you will find full use of simple multi-meters to Oscilloscopes and
Signal Generators.
Trouble Shooting Solid State Amplifiers by Gaddis Rs. 32.00
The book deals with all types of amplifiers including Audio Power

TV Bench Srevicing Techniques by Margolis Rs. 33.00
In TV repairing, time is money and this book can save a fot of
yourtime Full of many practical hints, mostly about colour TVs,

Tape Recording for Fun and Profit by Salm Rs 34.00
How Tape Recorders work, what's a cassette, choosing a recorder
and how to get the most of them is the subject of this book. You
can increase the pleasure of your tape recording by reading this
book ana recoraing nicely.
How to Trouble Shoot & Repair Electronic
Test Equipment by Horowitz Rs. 48.00
Faulty test instrument is worse than useJess Not many technicians
can repair their own test equipment Here is a book which toils
you all about test instruments repairs Learn it and repair the
instruments of your own as well as other people. There is a lot
of money in it
104 Easy Projects for the Eféctronic Gadgetaer
by Brown Rs. 59.00
The wide variety of useful gadgets described in this book for' .

quick and easy constuction are not only instructive, educative,
and interesting but can serve many useful purposes in home,
garden, workshop and car.

The scope of this book is very wide In the wave generating
sections it covers LC, RC, Crystal and Blocking oscillator circuits,
and muluvibrators. In the wave shaping sections it deals with
Pulse shaping circuits, detectors mixers and frequency converters
and there are chapters on mcdulators and on limiters and
clarnpers

There ts no elect'ontc equipment these days where printed
boards are not being used, Servicing them rather calls for some
specialised techniques This book wil! help you to perfect these
sechniques and tsckle PCB repair with greater efficiency and
speed
FM Stereo/Quad Receiver Servicing Manual

FM broadcasting has started in Madras and and Delhi Stereos are
becoming popular everywhere To maintain the exacting standard of
S'ereo quipment you need more expertise to service them properly

Electronic Measurements Simplified
All electronic work at every level-amateur. industrial protessional
Involves measurements of some type or other Vanous measuring
instrumants are now available This book will help you to make
the fullest use of these instruments.
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Radio & Craft Publications
376,(SR) Lajpat Rai Market, Delhi-110006

8/1, RITCHIE, ST. MOUNT ROAD,
MADRAS-600002
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shall start in India too.

Colour TV Trouble Fact Book by the Editors of

Colour TVs have come to India in large numbers People are using
them for receiving colour transmission from neighbouring countries
and also seeing video fims tn colour. Soon colour transmission

Learn to repair them and ea'n big money.

How to put your very simple calculator to much more uses than it
is intended by the manufecturers is the theme of this book It

discusses ambitious use of advanced calculators and how to
select most suitable calculator for your own use.
All in One TV Alignment Handbook

to the efficient working of every set One cannot completely
overhaul! a receiver without the precise adjustment of coil cores
and trimmer capacitors. Here is the book which tells you all ana
shall make you a real master technician 4

Electronic Technician/Dealer Rs. 46.00

Advance Applications for Pocket Calculators e

by Jack Gilbert Rs. 70.00

by Shane Rs. 35.00
in T.Vs, as in radios, the precise alignment of tuned circuit is vital

RF., LF. Differential & Operational amplifiers.
é

Basic Audio Systems by Crowhurst Rs. 32 00
Audio circuits are involved in virtually every modern system of
sound reproduction. Raciios, Record Players, Cassettes, Audio
Visual Training Equipments Televisions and Video Cassettes all

ments.
The book explains, in simple terms, the basic fact of audio in
relation to sound itself, the tranducers (m: crophones and loud-
speakers) sound storage and transmission media, amplifiers, feed
back, distortions and other problems and basic principles of audjo
in general

This book will help the technician to gain more knowledge of the
medical applications of the electronics equipments and shall also
help the medical staff to understand the electronic side of the
apparatus wh.ch they are using. There ss more and more electro-
medical apparatus these days and here is the time to understand

Thyristors and Sillcon Controlled Rectifiers have come to India and*
are increasingly used Here is a book which explains them in
theory and their applications in various electronics circuits and the
advantages in using them.
64 Hobby Projects for Home and Car
by Brown/Oisen Rs. 37.00
The practical projects in this book serve a dual purpose They pro-
vide you interesting and instructive hobby work and also use
the Constructed provects in the home or car and orher places

This book provides just those esentral ingredients for succesful
construction of many transistor projects which will be Interesting
and instructive to build, useful and enjoyable to operate
Solid State Projects for the Exper:menter by Green Rs. 39.00
In this book there is wide variety of practical projects for the
home constructor of amateur radio and electronic equipment using.
modern devices like ICs, FETs, Varactors, Zener Diodes and
Thynstors etc
Test instruments for Electronics by Martin Clifford Rs, 36 00
This book tells you how to use vartous electronic Instruments to
better advantage how to make it more versatile to speed up

this book 1s a real treasure for you

employ sound Audio amplifiers, of course, ara also audio equip-

Rs. 34.00Introduction to Medical Electronics by Klein

and repair them.
>

by R.W. Fox
Practical Triac/SCR Projects for the Experimenter

Rs. 36.00

Trouble Shooting Solid State Wave Generating &
Rs. 31.00Shapping Circutts by Gaddis

Rs. 75.00Transistor Circuit Guide Book by Byron Wels

by Margolis
Techniques for PCB Servicing Rs. 32 0010 Minute Test

by Caar é Rs. 31 00
servicing and testing A must for every engineer.

Practical Test Instruments You Can Build
by Green Rs. 36.00
The first rate selection of practical projects in this book are quick
and easy to build, make the best possible use of quite inexpensive

and nicely This book can help you in acquiring that knowledge.

by Hallmark Rs. 34,00
* components and serve a variety of useful purposes.

WE HAVE MANY MORE BOOKS ON ELECTRONICS

"oO

Fe,Sp.ce
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70 ENSURE YOUR SUCCESS IN

PRE-MEDICAL TEST
¢.For Different Medical Colleges of India)

'DON?T FORGET TO PURCHASE
Most Useful & Exhaustive Books -

i. TEST YOUR PHYSICS Price .

For complete set of .(Containing more than 2000 objective &
Thought Type Questions With Answers) four books of Physics,

(Containing more than 2000 objective &
Thought Type Questions With Answers)

3. TEST YOUR ZOOLOGY a

(Containing more than 2000 objective&
Thought Type Questions With Answers)

Botany : Rs. 48/-2 TEST YOUR CHEMISTRY Chemistry, Zoology &

4, TEST YOUR BOTANY
(Containing more than 2000 objective &
Thought Type Questions With Answers)

5. PRE-MEDICAL COMPETITION Pris:
MASTER
chapters ofPhysics, Chemistry, Zoology &

the weakest student. Studentmay
conveniently prepare for the competition.
with the help of these volumes with his
other academic examinations.

For complete set of
six volumes : Rs. 48/-

Printed in 6 Volumes,

Botany. The matter has been explained
very easy language for the help of even

a

GET YOUR COPIES REGISTERED TO AVOID Disappointment; send Rs. 96/-
(including Postage) in advance to the Manager, Publication Centre

KRISHNA COACHING INSTITUTE
Opposite Mahila College

AMINABAD-LUCKNOW-PHONE : 48667 ae
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Did Space Explorers Visit
Ancient Egypt?

Recent theory in Archaeology suggests
that visitors from outer space fanded
in Egypt in prehistoric times.
Evidences such as paintings of space-
ships, helmeted creatures, curious
coincidences in the matching of the
Pyramid's dimensions with distances
between the planets and the sun and
still inexplicable engineering feats
involved in building the Pyramids are

SARABHAI

salient points for.this theory.
Nobody can bet on the above theory,
but the Guaranteed Reagents of
Sarabhai M Chemicals are the
indispensable tools for laboratories to
decipher this riddle and many other
mysteries of modern science.
Our Laboratory Reagents play the
invisible role in all scientific endeavoure
from archaeology to oceanography.

M CHEMICALS
Where tradition of ingenuity never dies



Registered with Registrar of Newspaper: R.N. 7440/64

«erRs.15000/-inp

There has been such an overwhelming response to 'Test Yourself', 'Science
Quiz' and similar contests published regularly in CAREERS DIGEST and JUNIOR
SCIENCE DIGEST that we are ina dilemma over the distribution of prize money
every month among a large number of winners. Witha view to continue these
contests and elicit still larger reader participation, we have now chosen a
alternative, as also substantially increased the prize money. From March 1982 issues
onwards, there will be Quarterly Intelligence Contests for all our readers.

The first such test will be published in March, April and May 1982 issues of
CAREERS DIGEST and JUNIOR SCIENCE DIGEST. Winners among all-correct entries
will be selected by a draw of lots in the presence of eminent public figures,
educationists and journalists at a function in the second week of July, 1982 at New
Delhi.

PRIZES
Solid State TV As. 3,000/- 3PP.

FIRST PRIZE (1) WESTON Cosmo

SECOND PRIZE (1) WESTON RCR-200
Two-in-one Rs. 1,900/- app.

THIRD PRIZE (1) WESTON WCR-060
Casette Tape Recorder Rs. 840/- app.

1

FOURTH PRIZES (3) WESTON HANDICAL
Pocket Calculator
(Rs, 225/- each) Rs. 675/- app.

FIFTH PRIZES (100) One Year's Subscription to any of the
three journals OR Books Worth
Rs. 30/- Rs. 3,000/-

SIXTH PRIZES (300) Books Worth
Rs. 20/- Each Rs. 6,000/-

Total Rs. 15,415/- app.

FOR DETAILS LOOK UP THE MARCH. APRIL & MAY, 1982 ISSUES OF CAREERS DIGEST,
JUNIOR SCIENCE DIGEST & JUNIOR SCIENCE DIGEST (HINDI).

COPIES AVAILABLE THROUGHOUT THE COUNTRY
CIRCULATION MANAGER (C J iC)
VARMA BROTHERS

21, SHANKAR MARKET, POST BOX-531, NEW DELHI-110001
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