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Whitorial

On “Useless”’ Knowledge

HERE are three ways of pursuing knowledge. One way is to pursue it for
some thing which is lower than knowledge: for a career or for the power
which knowledge gives, A second way is to pursue knowledge for its

own sake. This has been the goal of scientists and most of those who have
genuinely sought knowledge. Yet another way is to seek knowledge for some
goal which is higher than knowledge: for an outlook an attitude or a world -
view which remains after the details of what we have learnt are forgotten — in
short, for what is usually called wisdom.

The greatest scientists and thinkers who have illuminated our minds and
have contributed to a large extent towards what we call civilization belong to
the last two categories. We regret to note, however, that these two categories
of knowledge have now come to be characterised, particularly in our own country,
as “Useless” Knowledge.

According to this last view, a mathematician battling with the rigours of
analysis or an astronomer gazing through hic telescope, is pursuing ‘Useless
Knowledge”. He is wasting his time on “Socially irrelevent research” which a
developing country like Ceylon can ill afford. Useful knowledge, according to
this view is not knowledge which has a bearing on our values or which helps to
develop a broad and humane outlook in life. It is knowledge, which brings
material benefits, an ingredient in technical skill or which in some way contributes
to the physical and materiai advancement of man.

This view in effect subscribes to the extreme materialist philosophy as
expressed in the words of Feurbach: “‘man is what he eats.”’ This is the antithesis
of the other extreme view, that man is what he thinks. We believe however
that man is both flesh and mind: Too much emphasis on one of these aspects
cannot lead to a happy life, even though it may be satisfying at certain times.
“Thus while granting that applied research is important and essential we cannot
agree that pure research is useless.

Apart from this, the narrowiy utilitarian conception of konwledge cannot
even achieve its own ends. Some of the technical devices which are widely in
use today have been the outcome of pure research. Appiled science, without a
proper basis in Pure-science cannot .proceed very far. Neglect of pure science
and pure' research in general, woulid, in the long run, prove harmful to our
gountry.
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Extracts From The Speech Given on 26,3.7I

AT THE UNIVERSITY OF CEYLON, COLOMBO

by

PROF. HANNES ALFVEN
(Nobel Laureate, 1970, Prof. of Physics University of California;
Prof. of Physics Royal Institute of Technology, Stockholm;
President, Pugwash Movement; Member,
National Academy of Sciences
U.S. A and U.5.5.R.)

( Compiled by M. Thillai Nadesan)

‘4 HE spirit of science is to fight
ignorance and fight superstitions;
ignorance and superstition is the

background of the nationalistic

feelings and many of the dangers which threaten
the world...... 7

...... Today the theme of my lecture wiil
rather be, looking at our planet as something
which belong to all of us-namely space research.
I think one of the most impressive (outcomes) of
the research are, photographs from the space
crafts. You will see the earth as something like
the moon and aiso you will realise it obvious-
ly that our planet is the only known place
where we have any life and we have to make
the best possible use of this pianet. We must
see that we do not disturb the planet by
warfare...... Population is increasing at the
present rateit is an essential responsibility
for all Scientists to see how this state of af-
fairs, the present trend, can be changed and
must be changed soon, and changed in a
drastic way....., =

...... “It is an international enterprise......

. But one has often the impression that these
two super powers (U.S.A. and 1J.5.5.R) are com-

peting. This is true fo a cerrain extent. But

it is equally true that there is so much colla-

boration which perhaps has not received so

much publicity. But there are so many scien-

¥

H

tists traveliing between the two countries,
discussing the results of space research in the
U. S.and in the U. S. S. R. And there are other
nations joining in now......... %

...... the bringing back of samples from
the moon. The results of these have been a great
surprise to the scientist. There have been many
guesses aboutr the composition of the moon,
I am not actuaily referring to the old thesis
that the moon actually consists of green cheese!
and since peopie may have thought about the
chemical composition and structure of the moon,
there are so many hypothesis, so many theories
that one can aimost say that almost of them
are wrong. And this means that we must not
speculate too much about space around and
the only way......... is to go up there and see
what it is like. Science is as it has always been,
must always be, empirical; that theories or
speculations about the universe around us
are nothing compared to real facts which we get
from the measurements and from bringing
samples back, which we can analyse. The possi-
bility to observe the defects of the structure
of the moon from the earth using a telescope
is very much restricted. You cannot study
the light, moon or other pianets emit, with
it but if you can bring back smail samples even
if it is grammes you can learn so much from
LHAT, ...l &

vﬁ{

W

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Some Thoughts on Vector Spaces

A. C. SIRIWARDENA

ETS of the form V., (R)= [(%1,....xn)/x; be -
longs to R ] belong to the type of
algebraic systems known as vector
spaces. If F is a field, a non-empty set V

together with two operations + and . (i.e.

addition and scalar multiplication) such that

i 4 2N N o'V
\ . :FxV toV

is said to form a vector space over F provid-
ed certain well known conditions regarding
the operations . and + are satisfied. The
above definition is an abstract formalisation
of the physical and geometric nctions about
vectors; the vectors in this case are the ele-
ments of V, and the elements of F are known
as scalars. The vector space ¥, (R) represents
the n-d-imensional Euclidean vector space,

Let us consider the set
V=V, (R)UV,(RU.....U V, (R)U.....

i.e. the union of all the Euclidean vector spaces
of various dimensions. Let us define two opera-
tions + and - such that

4+ : ¥xVtoV
RxVtoV

The sum of two elements of V shall be found
according to the following rule:

Lanomm) SoEbinba)
'-—-(a|+ b],...an—{—«bn,an o i a.m}
When m is greater than n or m==n.
:(31-1' b],...,am—}-—bm, bm+ l‘,u.,bn)
When m is less than n.

i.e. when adding two ordered n-tuples contain-
ing different numbers of coordinates we first
add the corresponding coordinates till all the
coordinates of one ordered n-tuple are exha-
usted. Then we merely write the remaining
coordinates of the remaining ordered n-tuple
as they are e.g.

6

(1,2,34,) & (2.35)
=( 142, 243, 345, 4) = (3,58,4)

The product of a real number and an element
of V will be found by the following rule.

A ([ Xiyees Xng) = ( 2Xg55005 2% )

The following properties are satisfied by
the two operations.

l. X+Y =YLX forevery Xand Y be-
longing to Y

2. (X+Y)+Z = XH(Y+Z) for every
X,Y and Z belonging to V.

3. There exists an element © belonging
to V such that X4-0O=X for every X
belonging to V. In this case O is the
element (o).

4, 1. X=X for every X belonging to V.

5. (a+b). X =aX|bX for everyaand b
belonging to F and for every X belong-
ing to V.

6. a(X+4Y)=aX-+|aY for every abe-
longing to F and for every X and Y
belonging to V.

7. (ab). X=a. (bX )for every a and b
belonging to F and for every  belonging
to V.

Let us consider - systems of the above type
(which we shall call X-systems for convenience)
i.e. systems which consist of a set VY together
with two operations -}- and . such that

-+ V¥x¥toV

- :FxVto V where F is a field with
and - satisfying the condltions | to 7
given above. We can see that the definition
of a X-system is the same as that of a vec-
tor space with one difference; namel_y that
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in a X-system .every leement does not nece-
ssarily have an additive inverse. For instance
in the example considered, ordered n-tuples
with more than one coordinate cannot have
additlve inverses. This is clear because any ele-
ment added to such an ordered n-tuple will
always give an ordered n-tuple with two or
more coordinates and we can never make the
sum equal to (O). Thus we have shown that
there exist X-systems which are not vector
spaces. In other words we have shown that
in the definicion of a vector space the addi-
tive inverse condition is not a consequence of
the others; that is, it is independent of the
others.

There is an interesting fact about X-systems
concerning it’s zero elements, In an X-system,
as in a vector space, the zero element for the
whole set i. e. the element O s, t. X4-0=X for
every X in V, is unique. This can be proved
for X-systems in the same way that it is proved
for vector-spaces since the proof is not depen-
dent on the existence of additive inverses,
However in a X-system, unlike ina vector
space, individual elements of the set V can have
several different zero elements corresponding
to them. For instance, in the example conside-
red, the element (1.2,3,4) has (o), (0,0),(0,0,0)
and (0,0,0,0) as it's zero elen'_lents_. We can
easily show that this is impossible in a vector
space. For suppose, an element X of a vector
space has two zero elements O and O; corres-
ponding to it.

i.e. X400 =X
x10' = X+0
Therefore X400 = 1
Therefore X+(-X)+0 = X+(-X)+4O;
Therefore 0O =0, .

This shows that each element of a vector

“space has only onezero element corresponding

to it (and naturally, that is equal to the zero
for the whole space.)

: We can also prove another interesting result, -

namely that an X-system which has a unique
zero corresponding to each element is a vec-
tor space. The proof is as follows. Let X
‘belong to V.
Then, = X4(—1).X = LXH(—1).X

= (I +(—1).X

e [}

.whefe | is the multiplicative identity. of the field.

Now O. X = (0+40). X = 0. X 4 0. X
Since O. X is a zero element correspond-
ing to the element O.X it follows that 0. X=0,
the zero element for the whole space (which
is also the unique zero for every element).

Therefore, X+4( —1 )X= O which implies
that X has an addirive inverse for every
X belonging to V.

To sum up, we have reached two important
conc lusions.

1. In the definition of a vector space, the
additive inverse condition is indepen-
dent of the others.

2, Given all the conditions of the definition
of a vector space, with the exception
of the additive inverse condition, the
above mentioned condition is equiva-
lent to saying that every element of the
space has a unique zero element corres-
ponding to it.

It is interesting to speculate whether one
can develop a theory of X-systems on lines
similar to that of vector spaces. Since 2 vector
space is a X-system it follows that whatever
theory we create must reduce to the already
existing one of vector spaces in the case when
the X-system is a vector space. We will need

- new definitions of the concepts of linear in-

dependence, bases and dimensions which must
satisfy the condition just stated. The inevi-
table question arises: even if we could create
such a theory would it be purposeful to do so?
It is true that this appears somewhat unlikely.
We can establish a relationship between the
theory of polynomials and the definition of
X-systems by re-defining polynomials in a more
or less unnatural way, especially as regards
equality; however, to doso would not be ofany
conceivable use. What werequire is some situa-
tion which falls ‘naturally’ into the new sys-
tem. At first glance at least, one feels scepti-
cal that such a situation could exist. However
it is not entirely impossible that we are not
looking in the correct places., For it may be
worthwhile to remember that abstract
mathematics often turns up applications, in
areas which, when one looks at it superficial-

ly, do not appear to have much connection
with it
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THE STRUCTURE OF THE NUCLEUS

Dr. B. G. LOWE

_ ONE hundred years ago the question
“What is the structure of the atom?”
might have been met with the deri-

sive response, ‘‘the atom is the

. smallest possible unit of matter, how can it

have ‘structure’?” The inherent picture was

that of a hard ‘biiliard - ball’ with no featuras,
which could not be subdivided. This picture
served its purpose very well at that time, of
course, and it was left to people like Bohr and
Rutherford to show that it was in fact inade-
quate. The question then became a sensible
one but a whole new mechanics (quantum
mechanics) had to be developed before it could
be answered. Physicists today feel that although
the atomic problem is in many cases highly
complex, it is understood, at least in principle.

In other words, we understand the ‘spirit’ in

which the atom operates.

The atom consists of a positively charged
nucleus with negatively charged electrons in
orbit about it. The electron-nucleus and ele-
ctron-glectron interactions are well under-
stood and the rest follows in principle from
modern quantum theory. This must however
be relativistic (Dirac theory) in order to ex-
plain spin angular momentum, a part of the
angular momentum which is intrinsic to the
particle. Each electron moves essentially under
the central influence of the nucleus as this
is heavy and usually ‘has the dominant charge.
The residual (electron) interactions can then
be added as a slight modification or ‘pertur-
bation’ to the problem. Another perturba-
tion which must be included is the so called
spin-orbit term, which is a consequence of
an interaction between the electrons’ spin
angular momentum and its orbital motion.
The wave function of the electrons in the atom
is antisymmetric, (electrons are said to be fer-
mions’) and as a consequence, the Exclusion
Principle operates. That is, no two electrons
in the atom can be in the same quantum state.
Thus as the possible states are filled, the elec-
trons fall naturally into energy groups or ‘shells’,

The whole basis of atomic strueture and che-
mistry depends upon the sequence of levels
in the shells and the operation of the
Exclusion Principle. :

This picture of the atom works very well
and there are no violent disagreements with
experiment. So we feel quite smug about this
state of affairs. In recent years physics has been
grappling with the question “‘what is the str-
ucture of the nucleus?”’ We are not nearly so
happy about the answer to this one, but much
progress has been made and we are beginning
to get the feel of the problem.

Our picture of the nucleus is at first sight
a confusing one as there appears to be a differ-
ent picture for almost every one of its pro-
perties. It is a little like the problem of wave-
particle duality. “Is light wave or particle?”’
The answer is “It depends what experiment
you do!” Is the nucleus like a billiard ball,
a toffee, a liquid drop or a gas? Do the neu-
trons and protons (called coilectively ‘nucleons’)
of which the nucleus is composed stick rigidly
together, coilide constantly with each other
or move about fairly independently? Is it
smooth, rough, diffuse or even spikey? The
answer to all these questions as gleaned from
various papers in the journals could be *“yes!”
What do we know? Nuclei are small, being
only a few fermis in radius (one fermi is 10-13
cms). . They are all of approximately the same
density (about [0'* gmsjem?) and roughly
uniform throughout. The nucleons are held

. together by the nuclear force which must

f'\f,

be considerably stronger than the electro-
static repulsion which exists between the
protons. This latter effect howeveris responsible
for the excess of neutrons over protoiis in
heavy nuclei. Although the nuclear force
is the strongest force known it is of very short
range-one or two fermis-and does not obey
the simple inverse squre law with which we
are so familiar. In fact its true nature appears
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The elementary particle physicist might in=
sist “‘the two nucleon interaction is not under-
stood, so how can you hope to understand
the working of a nucleus which may
involve hundreds of such interactions?”” The
mathematicians might even twist the knife
and point out that the many — body problem
Is not solvable anyway! Well, this is true, but
nuclear structure physicists are no more patient
to await the detajls of thetwo body interacti-
on and development of computational methods
‘than chemists were to await the details
of quantum orbital theory. The nuclear struc-
ture problem is interesting in itself and not
unlikely to shed some light on the two body
interaction anyway. The nuclear physicist is
forced to construct pictures or ‘modeis’ of
the nucleus and then to enquire experimen-
tally into the validity of such models. This
can lead to apparent confusionas already indi-
cated. | shall mention here a few of the more
important models of the nucleus which have
been proposed.

Niels Bohr, the same great physicist who
had simplified the picture of the atom and
paved the way to the quantum description,
constructed a highly successful model. This
differed a great deal from his picture of the
smooth workings of the atom in that the
nucleons were considered to be interacting
violently and continuously with each other
in complete random motion. This model seems
reasonable because it is known that nucleons
do interact strongly and because they are confin-
ed toclose quarters in the nucleus. High mo-
mentum nucleons are observed experimentally
in the nucleus and this lends support to the
idea of violent interactions. Moreover, low
energy nucleous which enter the nucleus
by bombardment are quickly absorbed and
in the ensuing multiple collisions get “lost
in the crowd.” They then have nothing to
distinguish them from any other nucleon in
the nucleus. The energy merely goes to raise
the nuclear ‘temperature’ and the decay to
the ground state is completely independent
of the mode of formation of this ‘hot’ nucleus.
This picture of nuclear reactions works very
well and has been extended to a similar model
the Liquid Drop Model, by Age Bohr (Niels’
son). After all, in a liquid drop molecules are
moving rapidly (Brownian motion) and are
confined to a small region of space. The ane-
logy takes us through surface tension, defor-
mation, vibrational modes, fission and even

tidal waves around the nucleus! The model
gives a good description of all these phens-
mena as they occur in the nucleus.

Another Model which has been highly suce-
essful in describing nuclear reactions is the
so called Optical Model. When a high energy
nucleon enters the nucleus it experiences the
presence of all the other nucleons as an
average force field or a potential ‘well’, lts
velocity and direction are modified and this,
of course is reminiscent of refractive index
and the refraction of light in a glass ball. Hence
the model has been called the *Crystal Ball’
or Optical Model. We also find that diffrac-
tion and total internal reflection can take place
as well as some absorption i. e. a ‘Cloudy Cry-
stal Ball Model’. The absorption corresponds
to the nucleon losing its Identity as in the
Bohr Models decribed above, and the ex-
treme, where all nucleons which hit the nu-
cleus are absorbed, is called the Black Nucleus
Model. The diffraction patterns formed in a
nuclear scattering experiment on this model
are very like the haloes formed by the diffrac-
tion of light on lycopodium powder. The succ-
ess of the Optical Model in describing nuclear
scattering Is of paramount importance as it
shows that the interactions which must
take place in the nucleus can infact be averag-
ed out as a smooth Optical Potential. This
assumption is too often taken for granted, but
it provides a powerful simplification.

The next step is to assume that not only
does a high energy intruding nucleon experi-
ence such a potential, but that all the ‘resident’
nucleons in the nucleus also experience it.
In other words, we can average out the
effect of all the other nucleons as a smooth
potential which is not now the Optical Poten-
tial but Is the so called Shell Model Potential.

The Shell Model of the nucleus is perhaps
the most successful and certainly the most
popular of nuclear models. It has been shown
to be a good approximation to the truth to
a degree which could never have been antici-
pated. In it we picture each nucleon as moving
about in a relatively unhindered and indepen-
dent way; such a far cry from the Bohr picture
that it is hard to imagine we are describing
the same object! We are getting back to some-
thing approaching the atomic problem of a
particle moving under the influence of a smooth
potential-The Shell Model potential in the one
case and the electrostatic potential in the
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cther. In both we expect quantised energy lev-
els which group to form shells. Do we observe
a sheil structure in the nucleus? The answer
is yes. There is a vast amount of evidence. For
example, the nuclei with proton or neutron
numbers 2,8,20,28,50,82,126 are exceptionally
stable, just as are atoms of helium, neon, argon
etc. and for the same reason (closed shells).
For many years physiciststried tofind the shape
of the potential which give these ‘magic’ num-
bers but with little success. Then Maria Mayer
and Haxel, lensen and Suess (1950) indepen-
dently discovered that if a spin-orbit perturb-
ation was added, just as In the atomic problem,
the numbers ccould be predicted. The Shell
Model proper was born. There is great inte-
ilectual satisfaction in these parallel descrip-
tions of atom and nucleus. The Shell Model
owes its validity to the fact that nucleons
(iike electrons) are fermions and the Exclusion
Principie again operates. Thus many of the
violent coliisions predicted in the Bohr Model
are Inhibited, as these would lead to final states
of the nucleons concerned which are already
occupied. Experiments, while confirming the
essence of this picture, also show it to be only

an approximation, and residual interactions
between nucleons and other perturbations,
such as deformities of the potential well (Nils-
son Model) have to be added in. This can be
regarded as mixing in certain amounts of the
Bohr Models so that we are really approach-
ing the truth from the opposite extreme. The
Shell Modelin this form Is remarkably good.
Low energy experiments (bombarding energies
up to 20 Mev say) which excitethe nucleonsinto
unfilled Shell Model levels and which watch the
subsequent decays, verify our ideas. Recent
high energy experiments (100 - 1000 Me\? in
which nucleons are knocked out of the nucleus -
from the filled shells, deep In the potential
well, also verify this general Shell structure.
However, the theoretical description of these
deep levels is not nearly so good,

We have then at least some remarks in ans-
wer to the question *what is the structure
of the nucleus?” It is amusing now to com-
pare the reaction of the physicists of over
one hundred years ago to the atomic problem
with our present response to questions like
“What is the structure of the electron?
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Neutron Stars, Pulsars, Black Holes and'all that

DR. D. A. MENDIS

UCLEAR transmutation is the basis of
N steliar existence. By transmuting
lighter nucleii into heavier ones via
exothermic nuclear reactions deep
within its kot interior a star continuo-
usly replenishes the enormous quantity of
energy that it radiates from its surface into
the cold depths of interstellar space. Unfor-
tunately for any star its fuel content is finite.
Consequently after a period, which is about
1010 years for the sun, and which is correspond-
ingly smaller for more massive stars, all its
nuclear fuel gets exhausted.

The behaviour of a star during its nuclear
burning stage is orderly, unspectacular and
pretty well understood at the present time.
It need not concern us here. But what happens
when a star has exhausted ail its nuclear fuel?
This gquestion has intrigued astrophysicists
for over half a century and although the first
glimmerings of an answer were provided over
thirty years ago, the entire picture has been
brought into sharper focus only within the
last seven or eight years. The present picture
is characterised by extreme conditions and
violent events,

The behaviour of a star, once its nuclear
fuel is exhausted, is determined to a large
extent by a single parameter - its mass. Rota-
tion, magnetic fields, inhomogeneities, turbu-
lence and composition, all no doubt play their
parts. But the detailed role of each of these
is rather imperfectly understood at the pre-
sent time. The least massive stars die the most
peaceful deaths. They gradually shrink to about
the size of the earth and rest there as white
dwarf stars - gradually dimming as they cool
to almost zero temperature. Larger stars die
more violently. They contract slowly at first
but then begin to collapse catastrophicaliy.
A sudden release of energy may convert the
implosion into a violent suparnova explosion
ripping the star apart and scattering the frag-
ment into intersteilar space. In some cases
the star may collapse with increasing rapidity
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net stepping until it becomas an ultradense
neutron star. Once again the outer regions
may be blown off in the process. In yet other
cases it may be impossible to arrest the collia-
pse at any stage and the star may totally dis-
appear from the rest of the universe into a
so called *“black - hole™” in space.

White dwarf stars and supernova explosions
have been observed and studied in detail by
astronomers. Neutron stars are probabiy
now being observed in the guise of Pulsars.
As for black holes, there can be no direct obs-
ervational support due to their very nature
but some weak indirect evidence is already
available in a few peculiar binaries. Besides
the laws of gravity and the structure of matter.
replace by, as they are understood today leads
us inexorably to the conclusion that “black -
holes” too must exist.

A large majority of the stars in the universe
are less massive than 1.4 solar masses. Con-
sider first the fate of such a star once it has
consumed its nuclear fuel. It is the thermal
pressure of the hot gas which constitutes the
star that resists the inward pull of gravity
(radiation pressure not being very significant
at this stage). But as the dying star continues
to radiate its remaining heat the thermal pre-
ssure weakens and gravity pulls it inwards.
Gravitational compression reheats the interior
and although half the heat generated flows
outward to the star’s surface and is then
radiated away, the other haif, which is trapped
in the interior, pushes the temperature up.
The increased radiation and gas pressure act
to retard the gravitational contraction of the
star.

Gravitational compression and heating does
not continue indefinitely. When after several
miliion years, the star has shrunk from hun-
dreds of thousands of miles to several thou-
sand miles in radius, its central temperature
has climbed to nearly a billion degrees. The
density of matter in the centre has risen from
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several pounds per cubic inch to several tons
per cubic inch. Yet the resultant gas pressure
and radiation pressure alone cannot stop the
collapse, because the force of gravity within
the star has also increased with the compres-
sion. What finaily stops the collapse is the so
called “degeneracy pressure” of the free elec-
trons. According to the uncertainty principle
no particle likes to be compressed. The smaller
the parcicle’s mass and smaller the volume
into which it is compressed, the larger its
resistance to further compression. In the star
at compressions of a few tons per cubic inch
the opposing degeneracy pressure produced
by the free lightweight electrons becomes
large enough to counterbalance forever the
pull of gravity. The star achieves a stable con-
figuration and is then <cailed a white dwarf.
Over a pericd of billions of years the white
dwarf cools to a “black cinder” drifting end-
lessly in space. Such would be the eventual
fate of our sun.

Like the lighter stars, ones more massive
than .4 solar masses too are crushed by gra-
vity once they exhaust their nuclear fuel. Un-
like the lighter ones, however, they cannot
counterbalance the pull of gravity even with
the degeneracy pressure of the electrons. When
the compression has reached white dwarf
densities the force of gravity within the star
is so large that it overwhelms the combined
pressure of heat, light and electrons. With
increasing contraction the advantage of gra-
vity increases. Consequently the star colla-
pses with ever increasing speed. During this
coilapse an enormous amount of heat is re-
leased in a very short time. So if the outer
layers of the star are incompletely burned
they would suddenly ignite and explode as
a supernova - to shine for a few months as
brightly as a biliion normal stars. In other cases
the nuclear explosion may be too weak to eject
the outer layers and the entire star may con-
tinue to collapse with rising densities and
temperatures until its core, falling fastest,
becomes as dense as an atomic nucleus. During
the core’s coilapse, which lasts only a few
seconds the electrons are squeezed into the
- nuclei transmuting the protons into neutrons.
These neutrons are finaily packed side by side
into one giant nucleus, At such close range
they exert an enormous repulsion. If the coll-
apsing star weighs less then about 2 solar masses
the neutrons absoluteiy resist further com-
pression and halts the collapse almost instant-

ly.

The outer layers of the star which were
lagging behind now fall violently onte this hard
neutron core caysing an enormous genera-
tion of heat. The surface of the core is heated
to hundreds of billions of degrees for a frac-
tion of a second. The collision of the high energy
photons that are produced result in electron -
positron pair creation. These in turn col'ide
thereby annihilating themselves to form
neutrino - antineutrino pairs. Neutrinos, which
are massless particles like photons, are very
unreactive with ordinary matter. For example
all but one in a billion neutrinos emitted by
the nuclear reactions in the center of the sun
pass unhindered through it into interstellar
space. However due to the enormous dep-
sities encountered in our coliapsing star the
neutrinos travel only very short distances
before scattering off the collapsing material.
Consequently they diffuse outwards losing
much of their enormous energies and heat-
ing the outer layers of the star to tens of
biilions of degrees. These temperatures
produce such high pressures that the collapse of
the outer layers is reversed. The outer layers
eject explosively, once again producing a
supernova.

Whichever way it is produced, one such
supernova explosion should be observed each
year in 10'% stars. This means that in our own
galaxy we should observe one about every
three centuries. On July 4, 1054, for example,
Chinese astronomers observed a supernova
explosion that lasted for almost a year. The
luminous remnant of the star's outer layers
are seen to this day as the beautiful Crab Ne-
bula. Now several light years across, the ne-
bula is still energetic enough to emit radio
waves, X rays and visible light. Within our
own time, Astronomers have observed and
studied tens of supernovae explosions in dis-
tant - galaxies.

If our ideas are correct then deep within
some supernovae there should be collapsed
neutron cores which we call neutron stars.
Calculations indicate that their masses lie
between one - fifth and two solar masses and
are packed into spheres having diameters
between about 10 and 500 miles. During the
first few seconds of their lives they should
emit as much energy in gravitational waves
and neutrinos that a star emits as light and
heat in its entire normal life time. For several
thousand years a neutron star should be a
brighter source of X-rays than the sun is of

13


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

lighter, and it will take millions of yaars befors
fts surface cools down to a few thousand
degrees, :

In August 1967 Astronomers at the Mulilard
Radio Astronomy Observatory at Cambridge
aetected strange sigrals - radio - wave bursts
spaced with such perfect regularity (one every
1.33730109 seconds) that it was even seriously
considered that these may be the communica~
tion beacons of an advanced extra-terrestial
civilization,

By now we know with considerable confi-
dence that the radio bursts from pulsars are
natural. They probably come from rapidiy
rotating neutron stars that beam narrow pencils
of radio waves on our direction once or twice
during each rotation period. It is not difficuit
to understand why neutron stars spin so ra-
pidly. Most stars have rotation periods of the
order of a few days. But should they shrink
from their normal size to the size of a neutron
star, conservation of angular momentum
implies that they should spin with periods
of the order of a fraction of a second. The
difficulty is not to understand why they are
spinning so rapidly but rather why they are not
spinning even more rapidly! The reason is that
we are not seeing the neutron stars immedi-
ateiy after formation but perhaps several thousand
years or so later. In the absence of nuclear
transformations and  gravitational contrac-
tion, the energy continually radiated by the
neutron star must be ultimately derived from
its rotational energy. Consequently there is
a gradual spin - down of the rotation.

At the present time almost a hundred pul-
sars have been observed. The most rapidiy
rotating pulsar, to date, lies in the heart of
the Crab Nebula. I, like the nebula, is a re-
mnant of the supernova explosion observed
in 1054 A. D. This pulsar, which is the one
studied most intensively thus far is now known
to beam not only radio waves but also visible
light and X-rays.

ft should be added in passing that the term
‘Pulsar’ is really a misnomer. ‘Rotator’ would
be a more appropriate name.

Gravitational collapse of a star does not
always result in a white dwarf or a neutron
star. If the star is more massive than two solar
masses the collapse cannot be arrested at any
stage.

4

The increased mass strengthens the gravi-

Ctational attraction sufficiently to overwhelm

even the strong repulsive force between neu-
trons, A catastrophic collapse occurs which
makes the star so compact (2bout a couple of
miles in radius) that even light can no lon-
ger escape its intense gravitational pull. In
otherwords, the star creates and plunges into
a ‘black hele' in space. -

Black holes cannot be understood within
the framework of Newton's laws of gravita-
ticn. Gravity is so strong near a black hols
that these laws break down and have to be
replaced by the laws of General Relativity
theory, which Albert Einstein formulated in
1915.  Although the problem of relativistic
gravitational collapse was first formulated and
studied over thirty years ago by Robert Opp-
enheimer and Hartland Snyder, their work
was considered to be of littie or no relevance
to astrophysics and remained in comparative
obscurity, in 1963 that attitude changed sudden-
Iy, Quasi-stellar - radio sources, or quasars,
had been discovered and the difficulty of ex-
plaining their enormous outputs of energy
forced astrophysicists to consider collapse as
the most likely scurce of energy.

Within a few years hundreds of theoretical
physicists had converged on the problem from
a variety of directions - relativity theory, nu-
clear physics, plasma physics, high energy
physics, and magnetohydrodynamics. As a result
of recent research, it is evident that the colla-
pse cannot be halted if the neutron core is
more than two solar masses. In fact relativity
theory predicts that, from this point on, any
resistance - no matter how large - will itself
generate a still larger gravitational pull. Gra-
vity inevitably wins. It crushes the entire
star through the black hole down to infinite
density. A region forms in space and time in-
side the black hole that has zero volume and
posseses infinitely large gravity at its boun-
dary. This is called a singularity to space - time.
Within it is the entire collapsed star.

How near the singularity dare one approa-
ch before one would be captured forever by
its gravity? The point of no return, called
the gravitational radius, is the edge of the
black hole itself.

It will be impossible for an obsetver to see
the singularity of a collapsed star because no
light ever escapes from the black hole. He
may see the collapse, however. The star would

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media.


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

be seen to collapse rapidly at first but as thé
star nears its gravitational radius photons
take successively longer times to traverse the
rapidly stretching space in the vicinity of the
black hole. The coilapse will thus appear to
the observer to slow down. No matter
how long the observer waits he will never
receive light emitted after the star falls into
the black hole. He will always - at least in prin-
<iple be receiving the last few photons emitt-
ed from just outside it. The collapse will grind
to a halt at the gravitational radius, and the
star will hover there turning redder and dar-
ker until it wili be virtually black and invisi-
ble. Only its intese gravitational field will be
left. Of course this “winking out” of the star
would usually be hidden from the observer
by the luminous outer layers ejected by the
star before plunging into its black hole.

The strong gravitational fields of black holes
may however help to reveal their existence.
Most stars are not single like the sun, but occur
in pairs {binary systems) revolving around each
other. It is possible that some of these bina-
ries contain black hole components. An
optical astronomer looking at a binary com-
ponent will see a periodic shift in its spectral
lines as it moves in its orbit alternately towards
an away from him. Over 800 such spectros-
copic binaries have been studied by astrono-
mers to date. In a majority of these the com-
panion star has also been ‘seen’ by means of
the opposite shift of its own spectral lines. In
about 300 cases the companion star is
unseen. In most such ‘single line binaries’,
as they are called, the unseen component is
probably a small, normal star whose light pales
in the brilliance of its larger companion. But
in about 10 cases the spectral shift of the iines
indicate that the unseen star is more massive
than the visible component - between about
1.5 and 25 solar masses. Of course it is possi-
ble that the dark, massive component is a new-
ly evolving star, but it has been argued by two
American astrophysicists, Cameron and Sto-
thers, in separaie papers appearing in ‘Nature’
very recently, that this is most uniikely In the
case of the binary systems known as epsilon
Aurigae and 89 Hercules. In both cases it has
been strongly argued that the unseen compon-
ents are in fact black holes. Till further con-
firmation is available, however, it is wise to
reserve judgment on these claims. Further,

while both general relativity theory and its
only competitive gravitation theory at present
the scalar-tensor theory, developed in 1961 by
American physicists Dicke and Brans - both
predict an identical end to the collapse - the
formation of a singularity, we do not know
if these theories too would break down at the
enormous densities encountered near these
singularities. Thus a star may conceivably avoid
the singularity although it is crushed into
its black hole.

The problem is further complicated by the
fact that real stars are not perfect spheres.
As they collapse their deformations should
grow. Although the relativistic collapse of
idealized spherical stars is now fairly well
understood, theoretical physicists are only
beginning to make headway in understand-
ing how deformations will effect the collapse.
The most significant result in this connection
is due to Roger Penrose, a British physicist.
Making reasonable assumptions, he has shown
that once a star collapses into its black hole,
no deformation whatsoever <can prevent it
from creating a singularity. In spherical collapse,
the entire star must be crushed into the singu-
larity. in non-spherical collapse, however,
although a singularity is created once again,
a part of the star may avoid being crushed
into it. This conclusion has been supported
by the work of the Russian physicist Novikov.
Novikov has also reached the surprising con-
clusion that the star which collapsed into the
black hole would not remain at the same point
in space, but would have to burst forth at some
other distant point in the universe or even
in some universe different from our own! The
deformed black hole acts as a sort of “worm-
hole” to sweep matter from one region of
space and time to another. Novikov and the
Israeli physicist Neeman have speculated that
quasars might be the explosive re-emergence
of massive collapsed stars:

No external observer will ever be able to
see into the blackness within the gravitational
radius of a collapsed star. The events that the-
oretical physicists predict would happen there,
can almost never be observed. | say almost
never, because there may be at least in prin-
ciple a unique possibility of observing gravi-
tatlonal collapse from within. The gravitational
collapse of a star is but a trifiing preview of

~ ( Continued on page 36 )
I
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The Flight of the Boomerang

K. H. ABEYWICKRAMA

IRSTLY, yes the title was inspired
by “The flight of the bumblebee”
by Nicolas Andreievich Rimsky -
Korsakov. It was not only the simi-

larity in form of the titles, but the music too,
in parts, could be mistaken to represent a
not too sober boomerang doing it's rounds.
An alternative title considered was ‘““Making
Boomerangs - Including all practical difficul-
ties; Excluding all seriousness”.

Getting down to boomerangs, it was rather
perplexing how a stick, shaped something
like an arm with a bent elbow (the type which
could be no-balled for throwing) could appa-
rently defy the laws of linear momentum, and
get away with it without the matter being rais-
ed in the Royal Society or at least the C, A.
A. S. After some initial experiments - with
pieces of hard-board which were approximate-
ly the shape of the classical boomerang - which
failed to give the desired results, | had almost
abandoned the idea when | came across some
research on boomerangs which gave quite a
reasonable explanation for the trajectory of
a boomerang (no laws being broken).

The essential points were the shape of the
boomerang, and the manner of throwing.

Shape - all that was necessary was that one
side should be convex with respect to the
other, (hard-board won’t do!), that is, like
an aeroplane wing, where the top is convex,
and almost flat below. The classical boomerang
is something like two aeroplane wings joined
at the centre with both flat sides on the same
side and the wings making an angle 80 to [40
degrees at the centre. This classical shape is
not indispensable, it could even be like a
cross with equal arms, or many other shapes,

provided the convex condition holds. To make
a boomerang usable by both right and left
handers, make the curvature of the curved
side symmetrical about the centre line of each
arm, This will make explanations a little easier
but the performance should, theoretically
be poorer (don't ask me for proof). (1)

Now, throwing - hold the boomerang by
one of its arms in a vertical plane or slightly
inclined to the right, with the flat side away
from you. Throw it forwards -edge first-
checking your throw just before releasing
the boomerang, so as to make it spin in its
plane. The direction of the throw should be
horizontal or slightly upwards. Then the boo-
merang is supposed to go forward at about
60 m. p. h., while rotating at about 10 r. p.
sec. (=w, say). (%)

Well, if all went well you should have it back
in_your hands in aprox. 10 seconds.

Whether it did come back or not, perhaps
you might like an explanation as to why it
ought to. Think of the centroid, G, of the boo-
merang moving forward with velocity, say u,
at some instant of time, say t. At that same
instant t, since the boomerang is spinning,
a point on the upper arm would be moving
forward, and a corresponding point on the
lower arm would be moving backwards, with
respect to G, with velocity, say v.

Thus, with respect to the earth, the upper
point has a velocity u+ v, and the lower point

a velocity of u-v. This applies to all such pairs

of points on the boomerang. Perhaps you might
know about the effect which gives the lift to
an aeroplane wing, corresponding to its velo-

~city. (3} If you don’t no matter, you see, 2ero-
_planes are supposed to fly

because of this

(1) If you must have one try! Theory ol wing sections: including a summary of Airfoil data (1949).

(2) Details of throwing and the theory are given only

Aerodynamics of Boomerangs.

1. H. Abbottand A. E, von Doenhoff.

briefly here, full details can be found in: The

Frank Hess; Scientific American (Nov, 1968).

: (’3) 1f you wish to know more about it, try the book in () or: Theory Of Flight-R. von Mises et al,, (1945)

Aerodynamics - Theodors von Karman (1954)
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lift, and any effect able to lift a jumbo-jet,
should do something to a boomerang which,
you might have noticed, is considerably smaller
in weight,

Since the velocities of the arms are different;,
so are the lifts, hence there arises a torque,
perpendicular to the direction of spin.

Now think of the spinning boomerang as
the familiar spinning bicycle wheel. Apply a
torque perpendicular to the spin. The wheel
simply turns. (If you aren’t familiar with bicy-
cle wheels and how it takes a corner, I'd be
glad to iend you my bike.)

So, theoretically the boomerang will turn
lefc « if you throw it with your right hand,
otherwise vice versa - go 360 degrees and then,
to you.

The invisible mischief maker who was res-
ponsible for the ‘return to sender’ effect was
apparently the air! As the world gets more
civilized boomerangs ought to return better.
For, whatever environmentalists and ecolo-
gists may say of pollution, it helps boomerangs
to return - by increasing the density of air.

Bl was the first boomerang | constructed.
| took great care in making it, sand-papered
silken-smooth till finally it was almost like
something by Michelangelo Buonarroti. When
‘It was thrown, - it went dead straight.

It ‘was thrown a few times more (linear mo-
“tion again and again) before it was noticed that
it didn't spin! Finally it was concluded that
this was because the angle between the arms
was too great - it was about 160 degrees.

B2, The hext was made with the angle about
* 90 degrees. On its inaugural flight it had an un-
“'expected and unpleasant encounter with a mems=
' ber of the set classified as Cocos Nucifera. Since

‘B2 did not survive this sad confrontation,

it ‘'was decided that in future tests were
“to be ‘carried out in open fields (the type

which contains grass, not those found in Al-
gebra), where boomerangs were unlikely to

meet coconut trees (or . any other trees for-

that - ‘mattér).” Brokéen boomerangs are not

without use; the remains of B2 were picked .

up by somebody, and then used as guided
missiles to bring down the fruit of a Spondias
Mangifera. (I'm told they are equally effee-
tive on other fruit trees, but | have not ven-
tured to test the truth of that statement).

5 i

B3 turned, but only about 25% of a circle
and then made a soft landing (on Earth). A
few more similar yet not so successful throws
followed. Then B3 was thrown again, this time
it was a crash landing. B3 split along the grain.

To overcome splitting along the grain, B4
was 3 cross - boomerang. B4 did turn, but
in a direction opposite to that which was pre-
dicted! Further, it was noticed that B4 stopp-
ed spinning just before it fell down (stops spinn=
ing, then just pauses in mid air, as if flouting
gravity for a brief moment - then nose dives).
This was thought to be because of the moment
of inertia, say C, not being great enough to
sustain the spinning. C could be increased by
attaching pieces of wire or tin-foil to the
arms of B4.

When suitable strips of metal had been add-
ed to B4, the following results were obtained
after many trials, after which finally, B4 too
gave up the ghost (an arm breaking off).

(i) When made very heavy, B4 took a
straight course.

(ii) When it wasn’t too heavy and the metal
strips were on the edges (furthest
from centroid) of the arms, the flight
did upto 75% of a circle, and most
important, the direction was the pre-
dicted one!

(ili) With the same weight as in (ii) when
the metal was moved closer to the
centroid, B4 seemed uncertain which
way to turn. On one flight it first
turned left, then decided against it,
and then turned right!

(iv) When the metal was moved even more
closer to the centroid, it resumed
turning the ‘wrong way'.

(v) Though there was a blowing which
was sometimes strong, the above re-
sults should be free of errors due to
being blown off course, since trials
were conducted with, against and.
dcross the wind, and then the mean
behaviour considered. Further it was
found that ‘turning the wrong way’
was not due to the spin being in the
wrong direction’ by any chance.
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The following explanations could be contem-
plated. ;

(1) When very heavy, linear momentum
overrides all other factors.

(il When the moment of inertia is just
correct, probably tha theory holds
true.

(iii) and (iv) In view of (v) when the
moment of inertia is not large enough
to maintain the spinning, the torque
is probably not large enough to over-
come the other factors, like wake
effects in the air etc. Hence other
factors predominate and somehow
makes the boomerang turn the wrong
way. i

Bl to B4 were a selection of the boomerangs
that were made, none of which were as succ-
essful as B4.

Dr. Hess ends his article in the Scientific
American by saying ‘“The reader may decide
for himself, whether or not he finds the agree-
ment between theory and experiment satis-
factory”. Hence | shall try to discuss some
points,

. If a boomerang Is so constructed as to
conform with the necessary requirements of
his theory, and if his theory is correct, then
that boomerang should return. Yet, he says
“Mhether a given boomerang belongs to the
return type or not, cannot always be inferr-
ed easily from its appearance,” In fact some
of the unsuccessful boomerangs | made, fully
conformed to the necessities of the given
theory. :

2. The theory completely neglects wake
effects (since they are extremely difficult to
take into account) which is, Dr. Hess says “...
a factor that is probably very important™. They
must be important, for (g) the trailing arm -
the arm trailing at any instant - has to follow
in the wake of the other arm and the alir flow
conditions that arm has to encounter are hence
unknown; (b) the trailing arm will actually
be going forwards w. r. t. the earth (%) thus
the air-stream will be blowing against what
should be the trailing edge of the wing pro-
file (like an aeroplane trying to fly backwards)

_ out of plywood, but,

which will positively upset ideal airfoil calcu-
lations even further. (%) e

3. The theory at first neglects the average
force perpendicular to the plane of the boom-
erang due to the lift since “...in the ideal case
any motion of the boomerang in a direction
perpendicuiar to its plane is supposed to
vanish.”” This sounds like saying that, when
astone, say P, is being whirled in a circle, at
the end of a string, ‘the tension in the string is
neglected since any motion of P in the directicn
perpendicular to the tangent at P to the circle
is supposed to vanish’. One only has to remove
the string and see whether the stone will con«
tinue going In a circle!

Later, this leaving out is found to be un-
justified and ‘The effect was taken into ace-
ount by considering it to be a small disturbance
of the ideal motion”. The ‘smail disturbance’
is not explained any further.

4. The velocity of rotation, w, is forgo-
tten about - for path calculations - since from
observations”...w... does not change appre-
clably during one flight”. In the observations
on B4 It was seen that w does change, and
in fact in the case of B4, ceases altogether!

These, together with the fact that most of even
Australian boomerangs do not return, sugg-
est that Dr. Hess’s theory is true when cer-
taln ideal conditions other than those men-
tioned - are satisfied, but, the theory is no
yet quite complete. :

That it is on the right track, is amply shown
by the amazing similarity (if not identicalness)
of the trajectories based on his theory, cal-
culated by computer and some of the photo-
graphed actual paths, given in his article. -

That it is not quite complete, must surely
follow from at least the fact that B4 turned in
the direction opposite to that which the theory
predicts. ' ]

The simplest explanation has been saved
till the last. That is; I've made a mistake
somewhere! This is quite possible, since 1 do
not have much experimental data,

Meanwhile, BS is being thought of, this time
it is very likely to re-
main in the thinking stage for quite a while
yet !! :

(4) Based on the facts that u=60 m.p.h,and w=10r. p.s. 2 simple calculation shows that if (u-v) is negative,
*  the arms of the boomerang ought to be over 1.5 feet long. Hence it is positive, 1. e the lower arm .

too moves forward with respect to the earth.

(5) This is for airfoils, with blunt leading edge and sharp trailing edge etc., unlike the simple both edges
*"  alike one that I've described to make things easier and shorter,
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ELEMENTARY PARTICLES .7

Dr. ¥. K. Samaranayake

NE may say that Elementary Particle
Physics deals with the most funda-
mental problem in physics—the theory
of matter or the search for the ‘basic

stuff’ of the universe, once thought to be water,
fire, air and earth. The present dayapproach to
the theory of matter takes us to the particle
aspect of matter and their forces of interac-
tion. It is interesting to note the similarity
between the present day thinking and the
following statement of Newton.

“Now the smallest particles of matter may
cohere by the strongest attractions and com-
pose bigger particles of weaker virtue and
many of these may cohere and compose
bigger particles whose virtue is stiil weaker,
and so on for diverse successions, until the
progression ends in the biggest particles on
which the operations in Chemistry and the
colours of natural bodies depend, and which
by cohering compose bodies of sensible magni-
tude.

There are therefore agents in nature able
to make the particles of bodies stick together
by very strong attractions. And it is the busi-
ness of experimental philosophy to find them
out.”

Although Newton knew only of the force
of gravitation between particles, his statement
is equally valid today. We will briefly discuss
here the progress made by physicists since
Newton, in this direction. In the nineteenth
century it was thought that all matter in the
universe was made up of different types of
elements and each element could be subdivid-
ed into atoms. The periodic table ofatoms more
or less summarised Chemistry. Atoms were
believed to be indivisible. It was found that
atoms attracted each other when they were
close and that this force was responsible for
forming molecules out of atoms. At this stage
atoms were considered the ‘elementary parti-
cles' and the atomic force the eclementary
interaction.

~In 1891, Lord Kelvin addressing the British
Association for Advancement of Science said —
“We have discovered in physical sciences
all that can be discovered. The rest is more
and more refined measurement,”

However in the same year a new revolu-~
tion in physics took place. J. ). Thompson
split the atom after thirty odd years of attempts
by him and Rutherford at Cambridge. Thus
the nice, simple, convenient world built
of atoms was blown up and the basic stuff of
the universe became the electron, the proton
and the neutron. Atoms were found to have
a core called the nucleus containing protons
and neutrens and the electrons were found
to orbit around the central core similar to
planetary orbits around the sun. The atomic
number in the periodic table corresponded
to the number of electrons in each atom. The
electrons and protons were given equal but
opposite electric charge and the attraction bet-
ween opposite charges explained the electron
orbits, The neutron was considered to have
no charge. There remained, however, many
unsolved problems such as the role of the
neutron and the nature of the force that held
the neucleus together.

The pioneers in Quantum Theory showed
that certain physical quantities can exist only
as integer multiples of certain basic units. A
good example is electric charge which always
exist as an integer multiple of a unit. It was
shown that energy (for example, of an electro-
magnetic wave) can exist in only integer multi-
ples of a basic unit. This was explained by post-
ulating the existence of the photon which
was responsible for electromagnetic radia-
tion. Radiation was described as a stream of
photons travelling with the velocity of light
and as such the enrgy existed in units of pho-
ton energy.

The next breakthrough came with the pre-
diction of the antiparticle by Dirac. His succ-
essful attempts at obtaining Quantum equa-
tions satisfying relativity theory led to two
important concepts— that of intrinsic spin (that
the electron has built-in spin) and of the exis-
tence of antiparticies. He predicted that corres-
ponding to every particle, there exists an anti-
particie with the same mass and spin but with
opposite charge. He aiso predicted that when
a particle and an antiparticle coliide, they
must disappear with the energy, momentum
and angular momentum going into a photon.
The antielectron (called the positron) was
discovered in 1934 and the antiproton in the
fifties,
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The fact that the protons and neutrons were
tightly packed inside the nucleus lead to the
assumption that the foree that keeps them
together (nuciear force) was much stronger
than the electromagnetic force, Since the
electromagnetic force was explained in terms
of the exchange of photons the question arose
as to what the quanta (or carrier) of the strong
interaction was. Yukawa in [935 predicted
the existence of three particles (one positively
charged, one negatively charged and the third
neutral) which would act as the carrier of the
strong force. These particles were discovered by
Powel in 1947 and are known as the pi mesons.

The improvement of experimental techni-
ques and the construction of particle accelera-
tors in the fifties made a tremendous impact
on the progress of particle physics. Many new
particles were discovered and a new era in
the development of physics commenced. The
large number of particles known necessitated
some classification and the experimentalists
more or less overtook the theoteticians in
going deeper and deeper into the unknown,

During the time of Newton the only interac-
tion between particles known to exist was
gravitational interaction. Experimental data
on the interaction of elementary particies
lead to three other types of interactions. They
were termed strong, electromagnetic and weak.
Their strengths differ from one another. If
we express the strength of the gravitational
interaction as unity the strengths of the weak,
electromagnetic and strong interactions would
be 10%%, [032 and 103 respectively. Thus the
effect of gravitational attraction on elementary
particles is negiegible.

The above interactions however do not
take place between all elementary particles.
Particles that interact strongly are calied had-
rons and others leptons. Electromagnetic
interactions take place between charged parti-
cles. Each elementary particle can be speci-
fied by the following constants:

(i)  Rest mass (equal to the energy of the
particle in its rest frame)

(ii) Spin

- (iti) Whether particle or angiparticle
(iv) Electric charge Q
(v) Baryon charge B

22

(vi) Hypercharge Y
{vii) lsotopic charge I (Q=I; - Y/2)
(viii) Strangeness § (= Y + B)

All ‘three interactions conserve energy.
momentum, angular momentum, charge and
Baryon charge. Strong interactions conserve
in addition hypercharge and isotopic charge,
These conservation laws follow from symme-
try properties of the scattering mechanism as
explained below. The assumption of Poincare
symmetry (invariance of the scattering me-
chanism under space time transations and
rotations} leads us to the conservation of
energy, momentum and angular momentum,
The conservation of Q, B and Y are due to the
symmetries in the U(1) group structure and
the conservation of isotopic charge due to
SU(2) symmetry.

Let us consider a complete orthonormal
set of states of a physical system denoted by
|m=>. Assuming that the set is discrete, we
have <m | n> =08,,,. Consider a change of basis
given by the linear transformation U giving
a new set of states | m'>= U| m> (<ml
= < m | U* where* denotes the hermitian
conjugate of U). Now to preserve the ortho-
normality of the new states, we require Om' n'
= < min'> = < mU*Ujn > giving us the result
U* U = I. Such transformations are called
unitary. If we consider these transformations
to' be infinitesimal, we have U= exp (ie I F)
=1 -} i ¢ iF; where the ¢ i s are the parame-
ters of the transformations. The unitary re-
requirements gives F¥=F and U*= | — i¢ P
The operators F; (which are hermitian) are
quantum obervabies and are the infinitesimal
generators of the group of transformations
of which the matrices U are the unitary re-
presentions. If we consider the transforma-
tions to be the rotation of axes then the corre-:
sponding Fs are the angular momentum
operators.

If we denote the initial and final states of
a system by| i > and| f> respectively, then the
probabifity amplitude for transition between
the two. states isgiven by < f|S|i>.Wedefine
the S matrix as the matrix formed by all such
elements. If the matrix is invariant under the
transformations U, then <f| S iy =<flU*SU i3
forall | i>,| f> giving us S=U* SU. Since U
is unitary this means that SU=US. In terms
of the Fi's we have SFj— F; S = O for all j,
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A certain number of F' s can be diagonalised
simultaneously. Considering F to be one such
F, we have Fin > = f (n) | n> and therefore
<fISF—FSji>= (f (i)—f(f) ) < f| S[i > assuming
that]i> and|f> are eigen states. Since SF—F§=0O
and < FISii> £ O, we havef(i) = f (f) showing
that F is conserved in any allowed transition.
We have thus seen that invariance of the S
matrix leads to a conservation law.

Let us now consider SU(2) — the unitary
unimodular group of two dimensions. This
group is isomorphic to the group of rotations
in three dimensions. As before we can repre-
sent the group by U = exp (idL) =
1+iel I;  where l: I, I, are the genera-

2y
tors. Of these only one (say I,) could be
diagonalised and this would |ead to the con-
servation of a quantum number. The genera-
tors can be represented by ;= LI o j where
o ‘s are the Pauli matrices: &
(1 0
T== }
iolo-1

0 1 0 o
6 e 0=

A el

giving eigen values + 1/2 for I3. The corres=
ponding eigenstates can be given as

| ;— ;”:{Ha“d\“ %w;: {?}

The observation that the neutron and proton
have nearly the same mass and appear to play very
similar roles in nuclear reactions suggested
that they could be considered two states of
the same particle. In the [930’s Heisenberg
first introduced the concept of treating the
proton and neutron as the same article in
two isotopic charge states, obtained from the
the group structure of SU(2) shown earlier.
He considered the two states to be the two
eigen states of I; and labelled them b the
values + |/2 which (called the isotopic charge
or isotopi¢ spin) distinguishes one p?.rtlcle
from the other. Using these basic states it was

possible to obtain suitably symmetrised pro-’

ducts to represent other particles forming
other multiplets (such as the triplet with T
==1,0,-1).

Around 1960 a generalisation was made to
include isotopic charge and hypercharge in
a larger group —the unitary gmmodu[ar group
of three dimensions SU (3). This group has eight
generators of which two can be diagonalised
and these represent the isotopic charge and
hypercharge, The multiplets obtained from

the group consisted of 8 or 10 members, accor-
ding to the representations of SU(3). The
known particles fitted in well and properties
of the missing member of a multiplet of ten
were predicted. In 1964 the discovery of the
£~ particle confirmed the predictions and gave
much encouragement to those using group
properties in elementary particle physics.

Some attempts were made to combine
the multiplets of SU(3) to form multipl-
ets of SU(6) and also to use the group
U(12). However the most interesting
development leading from the success of
SU (3) is the concept of Quarks. Gell Mann
and Zweig proposed that the basic spinor
for the SU(3) group should correspond to
a triplet of quarks (p’, n’, \') which together
with their antiparticles make up all other
particles. This means that what we cll ele-
mentary particles today would cease to be
elementary and we are again reminded of
Newton's statement. Much work has been
done using the quark model and is quite a
popular field of research now. As particles
could now be considered neucleii made up of
quarks, the techniques of nuclear physics are
being used in particle physics now.

The major problem with quarks is that free
quarks have not been observed directly, thus
making the use of the quark model a purely
theoretical exercise. In fact physicists are not
quite sure where they should look for quarks;.
Cosmic rays seem to be the most probable
place to find them. A claim made less than
two years ago by an Australian group of the
discovery of a quark has not been confirmed
or accepted. (!

Recently, Feynman has introduced a new
concept—that of Partons. He and others have"
conjectured that the nucleous consist of point
like particles, when looked at in a frame of
infinite angular momentum. ;

Theoretical activity in particle physics which-
reached a climax in the sixtees has now slowed
down. Experimentalists are reaching higher
and higher energies with thelr large multimi-
llion dollar accelerators, but without any
sensational results. The discovery ofa quark
(if there are such fundamental particles) would
certainly give particle physics the shot in the
arm it certainly needs at the moment. On
theoretical problems what we need is a com--
glete[y new approach—a new way of thinking.
or that we are waiting till another Einstein
is born! ; YT
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GOD AND EINSTEIN

BY ARTHUR C. CLARK

OR some years | have been worried
by the following astro-theological
paradox. It is hard to believe that
no one else has ever thought of it,

yet | have never seen it discussed anywhere.

One of the most firmly established facts
of modern physics, and the basis of Einstein’s
Theory of Relativity, is that the velocity of
light is the speed limit of the material universe.
No object, no signal, no influence, can travel
any faster than this. Please don’t ask why this
should be; the universe just happened to be
buiit that way. Or so it seems at the moment.

But light takes not millions, but billions,
of years to cross even the part of Creation
we can observe with our telescopes. So: If
God obeys the laws He apparently established,
at any given time He can have control over
only an infinitesimal fraction of the universe.
All" Hell might (literally?) be breaking lose
ten light-years away. Which is a mere stone’s
throw in interstella space, and the bad news
would take at least ten years to reach Him.
And then it would be another ten years, at
least, before He could get there to do any-
thing "about it......

You may answer that this is terribly naive
that God is already “everywhere.” Perhaps
so0; but that really comes to the same thing as
saying that His thoughts, and His influence,
can travel at an infinite velocity. And in this
case, the Einstein speed limit is not absolute;
it can be broken.

The implications of this are profound. From
the human viewpoint, it is no longer absurd -
though it may be presumptuous - to hope
that we may one day have knowledge of the most
distant parts of the universe. The snail's-pace
of the velocity of light need not be an eternal
limitation, and the remotest galaxies may
one day lie within our reach.

But perhaps, on the other hand, God Him-
self is limited by the same laws that govern
the movements of electrons and protons,
stars and spaceships. And that may be the
cause of all our troubles.

He's coming just as quickly as He can, but
there’s nothing that even He can do about
that maddening 186,000 miles a second.

It's anybody’s guess whether He'll be herse
in time.

For the latest in Astronomical News

Read the ‘EQUATORIAL’

(Journal of the Ceylon Astronomical Association)

Available at :

M/s. Caves or Lake House Bookshop

Or Contact, Circulation Manager :

Mr. K. U. Ratnatunge,
84, 5th Lane, Colombo 3.

Tel : 20617
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On Relativism and Human Values

). Satchithanandam

The theory of relativity has brought with
it, more than any other physical theory in
recent times, certain new concepts hitherto
unfamiliar to man and certain other concepts
which are an affirmation of already existing
beliefs. Attempts have been made, not un-
justifiably, to extend and apply these concepts
to other fields as well, such as morality, poli-
tics and religion. There is a widespread beljef
that according to Einstein “everything is rela-
tive”, and this belief has affected not only
particular systems of thought and conduct
but more generally our conception of truth
itself. To this belief | shall give the name
relativism.

By relativism then, to be more explicit, |
mean the doctrine which holds that any jud-
gment that one could make is necessarily re-
lated to certain arbitrarily chosen hypothesis
or assumptions and the point of view of the
observer who makes the judgment., Here |
propose to examine the doctrine itself and
also its applicability to those concepts or
systems of concepts which influence human
behaviour.

Relativism in science has its origin when
Leibniz and Berkely attacked Newton’s postu-
lates of absolute space and time. But it acquires
preminence only after the penetrating criti-
clsms of Newton's theories by Ernst Mach.
And it reaches its climax when Einstein puts
forward his special theory of relativity.

But few people realise that the theory of
relativity as its stands today Is not what
Elnstein intended it to be. Einstein who was
tremendously influenced by Mach began with
his principle of relativity according to which
the laws of physics cannot depend on the acci-
dental choice of our frame of reference. This
is based on the fundamental belief that motion
is meaningful only in so far as it is related to
a frame of reference. In turn it implies that
there is no privileged frame of reference thus
strengthening the doctrine of relativism.
But on the other hand, in it is implicit the
belief In an objective would and its relations
which are independent of us and the particu-
lar means by which we study them. Apart
from this, careful investigation shows the

2

presence of a space-time continum, which con-
trary to Einstein’s original intentions play
a fundamental and absolute role contradict-
ing the spirit of relativism.

More generally speaking, the human mind
is not capable of constructing, on its own,
any conceptual system - even without a corre-
spondence with reality - which is free from
absolute concepts. By an absolute concept
here, | mean a concept which cannot be ques-
tioned within the frame-work of the theore-
tical system which we have adopted. In fact
any logical structure whether in science or in
any other field of human activity is necessarily
based on certain hypotheses and makes use
of certain undefinabie objects and irreducible
rules. A system of concepts in which every-
thing is relative in the sense that each concept
is related to some other cancept wili be a con-
ceptual anarchy and a perfect chaos.

If we pay attention to any one particular
concept we would find that it is related to
other concepts and has meaning only in rela-
tion to them. An idea considered in complete
isolation is meaningiess. It acquires meaning
only when it is properly related to other ideas.
But on considering the ertire conceptual sys-
tem, we find certain concepts which lie at its
base, on which the entire system rests and
which are absolute on this account. 1 caill them
absolute because they are not relative in the
usual sense of the word; even though they
have to be taken for granted, they cannot be
questioned and are irreplaceble unless one
wishes to do away with the eniire system.
Actually we are not even capable of constru-
cting a system which is free from absolute
Ideas’ or concepts not to speak of the corres-
pondence with reality which it may have. Any
conceptual system has to begin with certain
absolute objects and certain absolute rules or
axioms,

So it is also with an ethical system. But here
what usually happens is that when one is con-
fronted with a particular situation one forgets
the underlying system and with that certain
ethical ideals which manifest their absolute
character conly when viewed as an integral
part of the entire system,
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_ Relativism, to my mind, deiives its greatest
strength from the philosophy of logical posi-
tivism (sometimes known as “operational pro-
cedure™). This was first put forward by Mach
but it became famous only after its applica-
tions by Einstein. According to Mach a word
has meaning only if it can point to the object
to which it refers. A statement is meaningless
unless it can be verified by sense- experiences
or expressed in terms of actually occurring
events. This philosophy proved to be very
powerfui in science. It eliminated certain meta-
physical notions in Newtonian physics and
paved the way for the theory of relarivity thus
providing an effective answer to those who
ask “after all, what is the use of philosophy?”(")
Although Einstein used this philosophical
method consciously as was demanded by the
complexity ' of the problem that confronted
him, this method has been used unconsciously
by other scientists in other fields in the solu-
tion of simpier probiems. Thus in biology,
for instance, Lamarck’s theory of evolution
was rejected in favour of Darwins’ theory
because the former involves the inheritance
of acquired characteristics which does not
satisfy the positivistic criterion of truth, But
Darwin’s theory of evolution by natural selec-
tion satisfies it since it can be expressed in
terms of physicaily meaningful events. |In
chemistry too one could legitimately ask whe-
ther the resonance structure of the benzene
ring and other molecules satisfy the positl-
vistic criterion of truth. Here a partial answer
can be given by regarding the moiecular struc-
ture as a quantum mechanical situation.
In morzlity too it had drastic consequences.
For according to positivism, “‘good” and “evii”
are meaningless terms and at most are expre-
ssions of the state of mind of the person who
is expressing them. All moral and ethical pro-
positions, according to positivism, are sub-
jective since our emotional experiences are
the only reality on which they can be based.
They are meaningless unless they are modified
so as to include a reference to our sentiments.

The fundamental difference between science
and ethics is tha: while science is concerned
with what is, ethics is concerned with what
ought to be. But according to the positivist
while 'is’ has meaning, ‘ought’ has no mean-
ing. For instance, the statement that the moon

revolves around the earth is meaningful and
frue since it can be verified by means of sense-
experiences; but the statement that'the moon
ought to revolve around the earth has no mean-

-Ing since it cannot be verified and Is not even

verifiable. Likewise when a man commits a
certain act, the fact that he doés commit the
act is meaningful since It Is verifiable and Is
true since it can be verified. But whether he
olight to have done it or not is by itself mean-
ingless since it cannot be verified in terms of
actually occurring events in space and time.
Thus at best such a statement can only be re-
garded as a deduction from some arbitrary
chosen postulates or assumptions. It is related
to these assumptions. Hence it Is relative
since If we started with different axioms we
would have arrived at different conclusions. But
a basic flaw in this argument is that it does not
take into account the fact that human beings,
unlike inert matter - are free to a large extent
to do what they want. Therefore they are

‘responsible for their actions and the conse-

quences of these actions. This responsibility
cannct be avoided unless one denies free - wiil
in the first place in which case of course all
our actions are predetermined, we have no
control over them and the entire question
of relativism is irrelevant,

Once we recognise this freedom of action
the question naturally arises as to how we
could organize our thought and conduct in
order that we would live a harmonious life.
To do so one must begin with a conceptual-
system which must be self - consistent and
also comprehensive enough to guide us in the
totality of our experiences. Such a system is
necessarily based on hypotheses and concepts
which may or may not correspond to objects
or events of the material would. In this res-
pect ethics does not fundamentally differ from
science. For science too begins with certain
postulates the only justification for which is
that they conform to and make comprehen-
sible the totality of our experiences. As
Einstein says “The only justification for our
concepts and systems of concepts is that they
serve to represent the complex of our experi-
ences; beyond this they have no legitimacy.
...evenif it should appear that the universe of
ideas cannot be deduced from experience by
logical means, but is, in a sense, a creation of

(1) To quote Einstein, “I can say with certainty that the study of Mach and Humez has bzen _direct]y and
indirectly a great help in my work.... Mach recognized weak spots of classical mechanics and was

not very far from requiring a general theory of relativity half a century ago........

(Phyvsikalische Zeitsctrift, 1916)
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the human mind, without which no science
is possible, nevertheless this universe of ideas
is just as little independent of the nature of
our experiences as clothes are of the form
of the human body. "'(2)

The concepts we use are invented by us. It
is not therefore always possible or necessary
to relate our concepts directly to experience
as is demanded by the operational philosophy.
The world of concepts is necessarily separate
from the world of experience. Einstein says,
“l am convinced that.... the concepts which,
arise in our thought and in our linguistic
expressions are all when viewed logically the
free creations of thought which cannot inducti-
vely be gained from sense - experiences. This
Is not so easily noticed only bccause we have
the habit of combining certain concepts and
conceptual relations (propositions) so definitely
with certain sense experiences that we do not
become conscious of the gulf - logically un-
bridgeable - which separates the world of
sensory experiences from the world of concepts
and propositions (3)".

Nevertheless the operational procedure
can play a very usefui role in ethics., Supersti-
tion plays the same part in ethics which meta-
physics played in physics. The operational pro-
cedure by relating our concepts to experience
could eliminate superstitions that now under-
lie morality in the same way it eliminatedsterile
metaphysical notions in physics.(¥) Ethical values
which guide us in the attainment of imme-
diate goals with a view of some ultimate goal
must grow organicaliy from our experiences
and on no account should be separated from
them. Authoritarianism and dogmatism
which have been the characteristics of
organised religions, by imposing a parti-
cular world-view on us, have had a harm-
ful effect which can only be removed by
the realisation that whatever world-view
we have must ultimately be linked with ex-
perience. They must not be introduced under

(2) *The meaning of Relativity’ p 2.

the guise of religious ‘‘revelations™ te be

accepted as everlasting truths.

The entire mass of scientific knowledge
consists of concepts freely invented by man
to make himself at home with nature. If our
personal experiences compel us to invent
ethical concepts, logically speaking, they can-
not be subject to any serious criticism just
because their underlying ideas transcend our
sense - experiences. But on the other hand
such concepts must eventualiy depend on our
experienices for their legitimacy. They must
be modified if our experiences were to demand
such a modification. To quote Einstein “lt is
the privilege of man's moral genuis imper-
sonated by inspired indivduals, to advance ethical
axioms which are so comprehensive and sc well
founded that men wiil accept them as groun-
ded in thevast massof their individuaiemotionai
experiences. Ethical axioms are found and
tested not very differently from the axioms
of science. Truth is what stands the test of
experience”.(%)

In conclusion we may state that whatever
conceptual system we construct is absolute
for two reasons. Firstly because it has to apply
to the relations between objects of the real
world which exist independent of us and are
absolute on that account. Secondly because
it is necessarily based on certain fundamental
(absolute) hypotheses. On the other hand it
is relative, also for two reasons. Firstly be-
cause the chosen hypothesis are arbitrary; as
Einstein says they are free creations of the
human mind. Secondly because the descrip-
tion of the system involves concepts which
derive their meaning and truth-value through
their relationship to other concepts and which
have no legitimancy beyond that. What is abso-
jute is relative, and what is reiative is aiso
absolute. This is true in science as well as in
ethics. A realisation of this would contribute
towards a saner attitude towards morality
and also life in general.

() Remarks on Bertrand Russall’s Theory of Knowlzdge,

(Y Einstein who was himselfl infinenced to some extent by the operational procedure says, “In order that
thinking might not degenerate into ‘metaphysics’ or into empty talk it is only necessary that enough pro-
positions of the conceptual system be firmly enough connected with sensory experiences and that the
conceptual system, in view of its task of ordering and surveying sense - experience, should show as

much unity and parsimony as possible.

a free play with symbols according to (logical) arbitrary given iules of the gamz.

Beyond this however, the “system’ is (as regards logic)

All this applies

as much (and in the same manner) to the thinking in daily life as to the more consciously and syste-
matically constructed thought in the sciences’ (‘Remarks on Bertrand Russell’s Theory of knowledge?).

(%) ‘ The Laws of Science and the Laws of Ethics-Einstein’s Forward to ‘Relativity - A Richer Truth® by

P, Frank. The italics are mine,
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THE UNIVERSE: OLD AND NEW

(Talk delivered at inauguration of the Astronomical Society )

Dr. M. MAHESWARAN

HE image of an astronomer in the
eyes of the public was, until recent-
ly, that of a man gazing at the sky
through a telescope. This, in fact

reflected the state of astronomical observa-
tion until the second world war. Man’s know-
ledge of the universe was confined to the
information brought to him by optical radia-
tion. It is well known that information is trans-
mitted from one part of the universe to
another mainly through electromagnetic radia-
tion. Of the radiation that comes towards
the earth, all the frequencies except those
in the optical and the radio range are prevented
from reaching us by the earth’s atmosphere.
Thus, those cbserving the universe from the
surface of the earth are restricted to receiving
information through two “windows” - the
optical and the radio. Unfortunately, until
about thirty-five years ago, man had been blind
to the existence of the radio window and,
even then, it was an accidental discovery by
Karl Jansky that made us aware of this window.
Once this window was open, it did not take
long for radio astronomers to observe some
fascinating new objects in the heavens. Radio
exploration has also led to the better under-
standing of the old universe and encouraged
the optical astronomer to further his own
work. In this article it is my intention to very
briefly discuss the structure of the old universe,
and use this as the framework to discuss two
important aspects of the new universe. Yet,
as | write this article, astronomers are sending
instruments outside the earth’s atmosphere
to study even newer universes, like for exam-
ple the X-ray universe.

_ The Old Universe

In our construction of the old universe the
star serves as the most convenient building
block. The sun is a star with a mass of appro-
ximately 2X10% gms. It is roughly spherical
in shape with a radius of 7XI0' cm. The mass
and radius of the sun are usually denoted M,
and R, respectively. The radiation Lo emitted
from the sun is approximately 4XI0% ergs/

1

sec. The masses of stars vary from F M,
i

to 100M, and their radii vary from 5 Ry,

in the case of dwarfs to I00OR; In the case
of giants. The fuminosities may take any value
between 1/2000 Lo to 300,000 L;. Normal
stars contain mainly hydrogen, helium which
make up about 98 or 999 of the mass.
of the star, with a smattering of other elements.
The energy generation in a star is the result
of the conversion of hydrogen to helium in
the central regions of stars, where the tem-
perature would be of the order of a million
degrees Kelvin. Stars are believed to be formed
through the gravitational collapse of gas clouds.
During their initial stages they go through
a fully convective phase and subsequently they
reach the ‘initial main sequence stage.’ This
nomenclature refers to the Hertzsprung-
Russel diagram in astronomy where the lumi-
nosity of a star is plotted against its surface
temperature. For a group of stars of the same
age, it is found that majority of the stars fall
along a line, which is almost straight, called
the main sequence. Main sequence stars fall
Into two broad categories, one characteris-
ed by the stars on the upper part of the main
sequence, called upper main sequence stars,
and the other by the stars on the lower part
of the main sequence, called the lower main
sequence stars, The former are larger and have
higher surface temperatures. At the main
sequence stage of a star conversion of
hydrogen to helium takes place through
the radiation of energy away from the
star. This evolution takes place on the
time scale of [0° years. The upper main se-
quence stars evolve into red gaint stars and
the lower main sequence stars into the white
dwarf stars. At various stages of the evolu-
tion stars become ‘variable stars’ where
pulsation takes place with an accompanying
periodic variation in the light emitted.

A galaxy is the largest single unit in the
universe. Normal galaxies are each a collec-
tion of about 1011 or 10'2 stars. The light
that comes from a galaxy is mainly the inter-
grated emission from the stars, When seen
edge-on a galaxy is disc shaped with a bulge
in the centre. The shapes of galaxies vary from
almost spherical through a variety of ellipti-
cal forms to flactened spiral arms of stars and
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gas clouds. Apart from stars, galaxies contain
interstellar gas and dust. The appearance of
a dark band on the limb of a galaxy seen edge
on, is aresult of interstellar matter. The radius
of the disc of a galaxy is of the order of 10
or 105 light years. The separation of stars
in a galaxy is thought to be of the order of |
to 10 light years, and the distances between
galaxies are of the order of 106 light years.

The old universe may be regarded as the
collection of all the galaxies we could see, and
their contents. There are some types of visible
celestial objects which have not been mentioned.
These are only incidental when considering.
the overall structure of the universe. Firstly,
there are the planets, which revolve round
the sun in orbits whose radii are few times
the radius of the sun. These are many stars
in the sky whose radii are larger than the radii
of the orbits of planets. It is likely that many
stars have planetary systems. Comets and
meteors are other objects that roam the nei-
ghbourhood of the sun. On a galactic scale
the planets and comets are only appendages
of the sun.

One of the more interesting sights in the
universe is that of a nebula. Nebulae are gas
clouds and have been found to exist both with-
in the galaxy, in interstellar space, and in ex-
tra-galactic space. A planetary nebula which
appears as a beautiful ring or halo in the sky
is believed to be gas expanding after a super-
nova explosion. Theory has it that lower main
sequence stars like the sun, evolve into white
dwarf stars, which suffer further contraction
into highly dense objects and then explode
to appear ag brilliant spectacles in the sky
called novae or supernovae.

When we come to cosmology we find our-
selves with a choice of one of two theories.
The evolutionary theory takes the view that
the structure of the universe is undergoing
significant change through time.

On the contrary, the steady state theory assumes
that the universe retains the same structure
through space and time. However, both theo-
ries incorporate one of the most remarkable
discoveries in Astronomy, the observation
that the galaxies are all moving away from
cach other. It has also been found that the
velocity of recession of any galaxy is directly
proportional to its distance from us; the fur-
ther a galaxy is from us the faster is it moving
away from us. This is known as Hubble's law.
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Hubble's law gives us a limit to the obsefvablé
universe. The furthest objects we could
observe ‘would be those which travel with
almost the velocity of light.

The New Universe

Since Jansky’s discovery, systematic radio
exploration of the sky has revealed many in-
teresting new phenomena in the universe.
Well over 10,000 radio sources have been list-
ed. However, only a hundred or so of these
are interesting. Majority of these have been
identified with optical objects. Upto 1966,
43 radio Galaxies had been discovered, which
emit upto |06 times the power of our own
galaxy. About a dozen were blue stellar objects
and about ten were supernova remnants in
our galaxy. The most startling discovery in
Radio Astronomy was made in late [967 when
a group in Cambridge discovered pulsating
radio sources with a period of pulsation of
the order of a second and maintaining an exact
period, unchanged upto six or seven places
of decimals. These pulsars, as they are called
now, are one of the two most important objects
of the new universe. In this section we shall
confine our attention to these two important
items, viz, the Quasi Stellar objects and the
Pulsars. Only passing references will be made
to the other types.

The Radio Galaxies as stated above, are pow-
erful radio emitters. The amount of energy
in this radio emission is of the order of 109!
ergs, which is equivalent to the rest mass
energy of 5X10° suns. When compared to
the total mass of a galaxy which is of the order
of 10! suns, it is quite a large amount to acco-
unt for. From the nature of the signals recei-
ved, e.g. polarization, it is now believed that
the energy is emitted through the Synch-
rotron process; the original sources being
explosions in the centres of the galaxies.

The radio objects called the Quasi Stellar
obejcts (QSO) have turned out to be more.
puzzling. They have a variable radio signal. -
From the period of variation, it has been es- .
timated that they are several thousand times
smaller than an average galaxy. If, they were
galaxies in distant space, the brightness of
each must be at least a hundred times that of
an average galaxy. If they are local, ie. within
our galaxy they would have to be supermassive
stars, the like of which has not been known
before. First let us consider the nature
of their observationdl properties.  These
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are: () They emit very powerful radio signals
(i) they are associated with bright bluish objects,
which also give intense ultra violet radiation
and, (jii) thelr spectral lines have red shifts
First let us consider the last aspect - that of
the red shifts. Red shift is the term commonly
used for the displacement of spectral lines
towards regions of lower frequency. In the
context of Q. 5. O.'s there are three possible
explanations for the red shifts: (a) These could
be due to the Cosmological Doppler shifts.
By Hubble’s law the further the object from
us the larger its red-shift. (b) The possibility
that the red-shifts are due to local Doppler
shifts has been ruled out. If the QSO’s are local
phencmena, ie. if they occur within the galaxy,
there is no reason why all of them should ex-
hibit red-shifts. Since we do not occupy a
special place in our Galaxy we should see at
least a few with blue shifts, which correspond
to objects moving towards us. (c) Apart from
the Doppler effect another cause for red shift
is Gravitation. It can be shown that radiation
emitted from a massive body is red shifted
due to gravitational effects. One of the theo-
ries proposed to explain the QSO’s used this
result. However, this theory requires the
QSO’s to have mass of the order of 100 times
the mass of the sun. The theory has been ques-
tioned on the basis that such bodies must essen-
tially be unstable. Thus, majority of the astro-
nomers take the view that the red shift in
QSO’s is due to the cosmological Doppler
effect, If, indeed, this is true, we must be lock-
ing at very distant objects. The signals we now
receive from them would have left them very
early in the history of the . universe; roughly
8000 million years ago. The mechanism of energy
release is also not yet settled. One of the more
popular theories due to Gresnstein and Sch-
midt suggests that it is due to the synchrotron
emission from ionised gas expanding through
a magnetic field, after an explosion. Hoyle and
Fowler, using the gravitational red shift idea,
take the energy to berelease due to gravita-
tional collapse of a single object of about 108
solar masses. Gold, Ulam and Woltjer have
suggested that it could be due to a chain reac-
tion of collisions and collapse within a star
system. Mcrea has proposed that it could be
due to periodic explosions of stars in a young
galaxy.  Alfven has invoked the interaction
between matter and anti-matter for the energy
release. Lynden-Beil suggests that the energy
has been released through the catastrophic
collapse of the centres of galaxies, leaving
the galaxies with ‘black - holes’ as their

nuclei.Thus, it is seen that phenomena. of the
QSO has evoked so many diverse explanat-
ions, and the problem has not been resolved,

Another exciting phenomenon of the new
universe was discovered only a couple of years
ago. In November, 1967, Hewish's group in
Cambridge discovered four points in the sky
from which they received peculiar signals,
These were sharp signals with a regular peried
of the order of a second and keeping time

correct to about the seventh place ofidecimal'.
The pulses were of the order of ¢ second

long, and varied from one to ancther. The
signal strength was very variable and sometimes
not observable. It was discovered that the
period of one of the objects was —} second,
Initiafly, the exceptionally regular nature of
the signals led people to think that these came
from intelligent beings elsewhere in the uni-
verse. However, the random variation of the
signals themselves ruled out this possibility.

At first the nature of these pulsars were
a mystery, The clock-like regularity had to
be controlled by one of three mechanisms.
viz. (i) oscillation (ii) revolution, as in the case
of binaries, and (iil) rotation. The nature of
the signals indicated that the object must be
a small star, like the white dwarf or a neutron
star. [t is remarkable that the neutron star
was an object whose possible existence
was predicted on the basis of theoretical
calculations and it was suggested that even
if such stars existed they could not be observed.
The possibility that the period of pulsars corre-
sponded to some oscillating source was ruled
out on the grounds that any star with such
an oscillation period would be upstable. The
binary system approach failed due to the fact
that two neutron stars revolving around each
other would be required to explain the pulsar
periods. It has been estimated that the proba-
bility of finding a neutron star in space is very
low. Hence, the probability of finding a binary
of neutron stars would be almost zero. Thus,
the only alternative left was a rotating white
dwarf or neutron star; the periodically being
characteristic of rotation. The choice between
the white dwarf and the neutron star was
resolved when some Australian Radio Astrono-
mers discovered a pulsar with a period of 89
milliseconds. No white dwarf star could rotate
so fast, for, the centrifugal force would have
been too large for equilibrium. Further con-
firmation came when Radio Astronomers in
Arecibe, Puerto, Rico, discovered a pulsar in
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the Crab Nebula with a period of only 31 ms,
the shortest known so far. The known periods
of pulsars, i.e. from 3| ms to 4s, suggest not
a wide range of models, but a reasonabie range
of rotation periods, A further discovery made
was that the periodicity of the Crab Nebula
puisar was increasing at the rate of | part in
2400 per year. All puisars showed a very smali
increase in periodically with time. A recent ob-
servation has shown that the pulser in the
Crab Nebula is associated with an optical source
with the same periad.

Let us now look at how pulsars might be
formed. In a normal star the enormous gra-
vitational force is balanced partly by material
pressure and partly by the pressure due to
radiation coming out. When the star uses up
its nuclear power, the radiation pressure falls
and the gravitational pressure dominates. This
leads to a contraction of the star. The atoms
condense in to tightly packed nuclei with
electrons floating through the whole mass.
The star could reach a stage with a density of
about 100,000 times that of the sun. This type
of star gives out visible light and is called a white
dwarf star. A further stage of collapse comes
catastrophically and the star becomes a neu-
tron star, consisting mainly of neutrons with
a few photons and electrons floating around,

The density increases again by a factor of
109. Taking a mass equal to that of the sun we
would find that the radius of a white dwarf
of the order of 104 kilometers. and that of
neutron star is only 15 km. The catastrophic
evolution from a white dwarf to a neutron star
is seen as a nova or supernova,

The pulsar is believed to transmit its signals
3s a result of its magnetic field rotating through

<

NEUTRON STARS....
( Continued from page 15)

the ultimate contraction that may crush our
presently expanding universe in another 70
biliion years or so. Our universe seems to have
exploded to create this space and time and we
are forever trapped within its gravitational
radius. No light can ever escape from the uni-
verse. Man need never coilapse with a star -
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ionized gas. The model of a pulsar is that of
arapidly rotating neutron-star witha dipoie
type magnetic field; the magnetic axis being
inclined to the rotation axis. The ionized gas
is swept around by the magnetic field. At some
point on the field the rotation veiocity would
be almost that of light. e g. In the Crab Nebula
pulsar, which is I5 km in radius, the rotation
velocity would reach the value, of the
velocity of light at a distance of 1500 km.
The reiative motion between the gas and the
field would give out the puisar radiation in
the form of a beam. The periodic pulses are
obtained through the beam coinciding with
the line of sight. In some cases, e.g. Crab
nebula pulsar, it is believed that two diame-
trically opposite beams reach us, thus giving
two pulses for each rotation of the puisar,
The study of pulsars has also served to bring
out information about the instersteiiar medium,
This medium was used to obtain the distances
of pulsars. Ail pulsarsiie within cur galaxy and
most of these lie in or near the local spiral
arm of the milky way. The existence of elec-
trons in intersteliar space had been already
known. However, pulsar measurements have
helped to fix the density at 0.1 electron/cm2.
Further, these observaticns have also helped
to show the existence of irregular structure
in the icnized gas in the intersteilar medium,
so necessary for star formation by gravitatio-
nal collapse of this gas. :

Thus we see that the investigation of the
‘new universe’ in addition to showing up some
fascinating objects has also helped under-
stand the ‘old universe’ better. With the ever
advancing techniques of observation there
is no doubt that we shall soon be discovering
even newer universes.

o

uniess some particularly fanatical observa-
tional astronomer of the future were to de-
cide to jump into a black hole in his personal
pursuit of knowledge! However man cannot
avoid collapsing with the entire universe, if
he still exists 70 billion years hence. He
may then discover whether the entire universe
gets crushed into a singularity or whether
it aviods the singularity and ‘wormholes!
through space and time to re emerge explo-
sively somewhere else!
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AN ELECTRONIC BRAIN?

V. A. Samaranayake

~ This is an era where computers are taken
for granted, Yet many people believe that there
is an intrinsic difference between the activi-
ties of a computer and that of the human brain.
A similar attitude was taken in the early nine-
teenth century, when it was widely held thatsyn-
thesis of organic matter from inorganic materials
isan impossibility because the former was believ-
ed to possess an essential vital force which
cannot be artificially produced. Itis a continuation
of this argument that now rages over the attempts
to synthesyse a living cell from non-living
materials. But will the “vitalists” be defeated
once more and will it be demonstrated with
certainity that it is possible to duplicate the
human brain with electronic hardware?

It is quite clear that the modern computer
and the human brain, though having many
things in common, differ basically, both in
their functonal as well as structural aspects.
A brief glimpse at few of these differences
will give the reader some idea of the great
disparity between the two entities.

One of the most outstanding features of
the human brain is the great redundancy in its
operations and its structure. Some parts of the
brain can be removed without imparing the
brain functions. It is also established with cer-
tainty, thar if necessary, nerve centres can
loose their original specialisation and learn
to perform new functions. Parts of the brain
can take over functions of another part in the
case of damage to the latter. In comparison,
the computers have very little if not zero
redundancy. A failuer or a malfunction in even
a seemingly insignificant element would result
in a breakdown or malfunction of the whole
system. This is especially so if the malfunction
is in the memory unit, in which case the com-
puter will not function at all. The separate
memory unit of the electronic computer is
non exsistant in the human brain. In the brain
“memory” seems not to be contained in a
specified part, but distributed among the
nerve cells of the whole brain.

All these points to a system where neurons
(brain cells) are not connected up according
to a precise predetermined “wiring diagram’ as
in an electronic computer, but whereinterngural
connections are randomly made, such that there

would be no basic difference between any
two parts of the brain, either in their strue-
tures or in their potentialities. Some of these
connections may never be used while some
others being used frequently, the preference of
one set of connections to the other determined
(or devoloped?) by the conditioning of the in-
dividual concerned.

Of course such a totally random system
would not allow for the great number of in-
voluntary activities, instincts, etc,, that are
carried from generation to generation. This
indicates that the brain is partly of predeter-
mined and partly of random arganisation. As
mentioned earlier the predetermined part’s job
seems to be to equip us with the basic respon-
ses to the “problems” we come into contact
with in our infancy. Every computer needs
a program to solve a given problem. The above
mentioned responses are the basic programs
the human brain possess at the beginning of its
carrier. As the child grows and his environ-
ment and the problems he faces become more
and more complex, the need for more versa-
tile programs arise. So the child’s brain modi-
fies the programs it already has, and if these
are not satisfactory will device new programs!
In other words the child learns. It is believed
that the modification and creation of programs
is done by the randomly organised part of the
brain. As more and more problems come up
and more and more new programs are deve-
loped, inter neural connections that give satis-
factory results would be used more and more
frequently, while the others would be unused.
According to its experiences, the brain seems
to develop its own “circuit diagram”! The
cast-iron design of the electronic computer
ever achieving this degree of flexibllity and
adaptability seems a very remote prospect.

It is evident that not only is the modern
computer a far-cry from the human brain
in its capacity for Intelligenceand creative work,
but also treading on the wrong path, as far
as achieving this goal is concerned. If we are
to build an analogue of the human brain then
we must look deeper into the human brain,
and understand at least the basic nature of its
structure as well as its functions. Only then
can we ever hope to duplicate natures most
avresome creation,
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LASERS

K. R. S. S, Kekulawala.

ITH the advent of the Laser man's
control of light has reached an
entirely new level. It has been possi-
bhle to attain precise control of

the ganeration of light waves. The outstanding
characteristics of laser light is that waves unlike
the waves from ordinary light sources are
co-ordinated in space and time. It is remark-
ably intense, directional and chromatically pure.

The most important limitation of ordinary
light is their inherent low brightness. Infactthey
can’t emit more energy than a perfect radiator.
The theoritical output of a perfect blackbody
is given by the famous Planck’s Law.

In a laser the approach is to synchronize a
large no: of stoms, so that they can work toge-
ther to produce a powerful coherent wave.
This has been made possible by the Maser
principle discovered by Towne's. The Laser,
which has its birth from the Maser, stands for
‘Light Amplification by stimulated Emission
of Radiation’,

Stimulated emission which is the basis of
Laser action is the reverse of the process in
which electromagnetic photons are absorbed
by an atomlic system. During the period in

which an atom is still excited it can be stimu-

lated to emit photons, if it is struck by an out-
side photon having precisely the energy of
the one that wouid otherwise be emitted
spontaneously. As a result the incoming photon
is augmented by the one given up by theexcited
atom. This wave falls in phase with the wave
that triggered its phase. Most lasers consist of a
colomn of active material that has a partly reflect-
ing mirroratone end and afuily reflecting mirror
atthe other. The waves generated are thus reflec-
ted back and forth by the mirrors. The colomn
whose length isa whole number of wave lengths
acts as a cavity resonator, and abeam of mono-
- chromatic, coherent light rapidly builds in
intensity asone atom after another is stimu-
lated to emit photons with the same energy
and direction. Consequently the first require-
ment for laser action must be that the energy
levels concerned are not in thermal equili-
brium and that the upper of the two levels
be more populated than thelower. Thisisknown
as population inversion.

Until the first laser was made by Maiman in
1961, the human eye has only observed spon-
taneous emission. Constructive and destruc-
tive interference of the waves results in some
mean amplitude beingobserved forthe resultant
emission. Consider an idealized 2-level atom
capable of emitting frequeny.y If the waves
are randomly phased; the compex amplitude
of a particular wave can be written as tDk———ake‘SR
; &g = phase angle. For an assembly of n
atoms, resulting amplitude;

n
o= 2 &,
1

¢y =2, (cos & + i Sin 31);
@— A (cos A + iSin A) where
n

A cos A= X a, €05 5

Since

1
A sin A = Xax sin §;

By squaring and adding we get.

n
Az = X ak (Sin 26, + Cos® 8¢)
1
-+ Z,‘(ak €os dy 3 Cos Sj + 2, Sin &, a Sin Sj)
The second term will vanish, since there

is no correlation in the behaviour of different
waves. Then the intensity is given by

n
fo A= Dal
i

ije l« n a2 ; @ is the mean amplitude
of the disturbances. The resultant intensity
is proportional to No: of excited atoms.

If in someway, the atoms are made to emit
waves in phase; the case would be;

d = A cos Ai5in A
A cos AzCosS%ak
ASin A =Sin§ 3 a,
A?=n? 3* ;
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The resultant intensity is proportional
to the square of the number of excited atons.

The Laser is, to some extent at least the result
of turning this second possibility into a
reality,

The physical structureof the apparatus need-
ed to create a suitable environment for sti-
mulated emssion to occur to a sufficient extent
is such that the light is emitted into 2 smali
solid angle; uniike spontancons emission
which is emitted in ali directions This idez
together with phase, explains the great
intensity of the emitted faser beam,

The amplification coeffieient can be under-
stood by considering the amplifications at
the centre of a Dopper broadenad line, which
1s given by:

ko = K Az N4 (N2 — g2 Ny) (due to
ANp g1 Maobel{-Zemansky)
where A = transition probability from level
2L Do |
X = Wave Length
AN= Doppler width
g,; Pg,= Statistical weight of the levels
involved.
If N> < g2 Ny ; ko Is an absorption coefflcient

1
and if Ngg > g2 Ny ; ky is an amplification
g cofficient, if there is
population inversion.
Here ko, Corresponds to Laser gain per unit
length of the medium

The Laser is more an oscillator than
an amplifier.  Analegous to an electronic
oscillator, we have the components, a

tuned circuit, a feedback system and a power
supply. It can be regarded as a noise started
oscillator, where the noise is spontaneous
emission. This randomly phased light with its
finite spread of frequency serves to build up
a radiation feild at certain rescnant frequencies;

&

)

which in turn acts as a stimulating teild in thet
induced emission process enjoyed by the
other exculed atoms,

lt was Maiman, who first succeeded in putt-
ing these ideas into the practical language.
When triply ionized chromium in cystal ruby
(Alo) is irradiated at a wave length of about
5500 A he found that chromiurn ions are excit-
ed to the 4F, state and then quickly lose, some
of their excitation energy through non radia-
tive transitions to a metastable state 2E. This
state slowly decays by spontaneonsly emict-
ing a sharp doublet the components of which
are 6943 A and 6929 A. Under very intense
excitation -the popuiation of this metastable
state can become greater than that of the gro-
und-State. This is the condition for negative
temperatures and consequently amplification
via stimulated emission,

Production of negative absorption was done
in late 1961 by using electron excitations. This
population inversion in gases led to the dis-
covery of the first gas-laser, the He—Ne laser.
In 1962 experimentalists succeeded with a
p-n iunctions of Ga As, as a Semi-conductor
Laser material.

Uniike most scientific discoveries, lasers
received immediate public attention. Mankind
acquired and succeeded in controlling enti-
rely new sources of light whose radiation
is vastly superior in precision and intensity
to light obtainable from sources known before,
lts remarkable properties opened ways for
unprecedented Scientific technical and mili-
tary applications. The award of the Nobel
prize in physics (1964); to three scientists,
who opened the new field of quantun elec-
tronics by discovering the maser, the ance-
stor of the Laser itseif; shows the rapid
recognition of the Scientific and practical
significance cf Lasers.

@
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NEUTRINO ASTRONOMY

A. L. M. A, Gaffoor

Prof. Frederick Reines, has said *“ ‘Meutrions’
the ashes of the Universe - carry valuable
information about events in Sun’s centre,
the birth of supernovae and the properties of
cosmic rays. But because these particles have
no mass, neutrino telescopes must be located
deep below the Earth’s surface”.

This worthy scientisc while stating its unique
scope, also points out its peculiarity, and diffi-
culty. Its unique in that it studies things - the
centre of the sunm, the birth of supernovae,
properties of cosmic rays and why even the
birth of the universe itself-that no other
method can hope to study. lts peculiar in that
“we seek to see the heavens in 2 manner that
does violence to common sense - we go deep
underground ! ”’

These neutrinos are produced in

. Radioactive Beta decay of matter.

2. Nuclear accelerators and other ways
such as fission.

3. 'In the atmosphere by the collision
of cosmic rays with a mosphertic atoms.

4. Nuclear fire that is believed to power
our sun and other stars.

5. Nuclear reactions occuring when super-
novae explode.

6. Interstellar and intergalactic matter by
the collision of cosmic rays.

7. Those neutrinos that must have been

produced when the first explosion of

matter took place to form the universe

if it came into being that way!

Of these, 4, 5 and 6 are important to
our immediate requirements in astronomy -
cosmology to be precise. But it Is from the
first two that we study the behaviour of the
neutrino. We apply the knowledge so gained
to study the atmospheric neutrinos which are
relatively easy to study.

Some forty years ago the neutrino was only
a theoretical particle conceived by Pauli in
1930 to extend the conservation laws of
energy_ and momentum to nuclear domain. It
was discovered only in 1956, by Cowen and
Reines.

I. Neutrino has no or extremely small
mass,
2. It has no charge.

Theabove properties make its interaction with
matter extremely rare. Infact, itis estimated that
one kind’ of neutrino (There are afew kinds
depending on their energy)- a moderate one-
can travel in liquid hydrogen for 100 light years
before colliding with a hydrogen atom.

3. Once a neutrino is produced it keeps
its direction. Nothing except the gross
gravitational field of the universe can
have any effect on this direction.

4. Aneutriou has a definite amount of energy
associated with it on production and
this energy is conserved.

In nuclear reactions the initial and final
energies do not balance ie. there is a loss
of energy - a fundamental violation of Physics,
the Law of Conservation of Energy.

Briefly consider the reactions that we believe
take place in the centre of the sun and which
also produce neutrino we can quote:

H 4 H—>H + n ofenergy 0.4. MeV.
+1 +1 2

Be 4 e—>Li- n of energy 0.9 MeV
-1 57

Be—>2He 4 e+ - n of energy 1.4 MeV
s

If we detect neutrino with energies 0.4, 0.9
and [4 MeVY and coming from the direction
of the sun then we can be quite certain that
our model to power the sun was correct,

At the moment there are only a few Neu-
trino - Telescopes. They are not worth the
name because they are so crude and small
in this context, though they occupy Mundreds
of square yards of underground space, and
are thousands of feet below surface.

The techniques can be illustrated by a
few specific examples. The most sensitive
experiment for the detection of the solar
neutrinos is probably that of R. Davies.

47

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Here solar neutrinos will interact with Cl-37
in a large tank of perchloroethylene (C, Cly).
The product Argon (A-37) will be swept out
of the tank by a stream of Helium and then
coilected in a tiny low background counter. His
observatory is placed one mile below surface
and has a target tank of 100,000 gallons of C,
Cly : He expects 5 counts/day.

There are two other approaches both of
which depend on direct hits. First, proposed
by R.Woods, F. Reines and J. Bahcall, depends
on the reaction.

N B

Here slabs of lithium incorporated into a
liquid scintillation counter which detects the
product electron. They expect about 50 ele-
ctrons per year.

~—> Bes 4 e

The second, proposed by R. Kropp and F.
Reines see this via the so called scattering
reaction.

h o e =3 n - @

Its something like our collision problems.

The moving n gives energg to the stationary
electron. The energy of the neutrino can be

EMWWMWMMWWW

calculated from the energy of the struck elec-
tron. If we also measure the direction of the
struck electron the neutrino’s direction could
be infered. In the deep mines of S. Africa 1000
gallons of liquid scintillator is viewed by some
70 photomultipliers. This detector is enclosed
in 40 tons of paraffin wax to shiald it from
natural radio activity! They expect about 20
counts/year.

These experiments should lead us to an
understanding of what happens in the interior
of our energy supplier, the sun and indeed
all the stars,

| described ony the case of the sun. The
other sources of neutrino also couid be studi-
ed in asimilar manner though details are varied.

Even in the solar telescopes described they
are capable of detecting only one out of the
three we set out to find. So many other
methods still remain to be designed to study
the full ‘Solar Neutrino Spectrum”. Then
again there are other neutrino scurces with
different types of neutrinos for which special
devices have to be designed. Also one has to
know one from the other of the different types
of neutrino and this is no small task.
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Point defects in Solids

Dr. K. Tharmalingam

atoms arranged in some regular array.

A defect in the crystal structure may
arise from atoms missing from their regular
sites, called vacancies, or foreign atoms inserted
in the crystai structure either substitutionally
or interstitially, called impurities.

AS we know a perfect solid consists of

The p — type and n — type semiconductors
are well known examples, of systems, where
a defect is purposely introduced. In these
systems the interesting physical effects, of the
defect, arise from the electronic levels intro-
duced by the impurities and can be seen by
measurements of optical properties and of
electronic conductivity.

On the other hand the atomistic nature of
the defect can be seen in, matter transport
like in, diffusion and ionic conductivity
measurement. In ionic crystals, like Nacl
for example, a missing Na + is equivalent to a
hole carrying a negative charge and this can be
indentified experimentally by measuring the
electrical (ionic) conductivity. In metals like
Cu, however, the atomic hole is neutral and
can only be identified by diffusion experiments.
Both ionic conductivity and diffusion inveolves
the movement of a defect. And for this process
to occur the atom, responsible for migration,
has to jump through a potentical barrier — a
saddle point in fact.

One of the many delights, of the theoretician

working in the field of defects, is to calculare
the energies needed to form a defect and the

energy required for the defect to jump over
the potential barrier. Even in the present age
of high speed computers, only rough estimates
of these energies can be obtained theoretically
and amounts to few electron volts. The difficulty
of the problem can be seen from the fact that if,
for example, we pull out an atom from a solid
thus forming a vacancy the atoms sorrounding
the hole, and in fact the infinite number of
atoms of the lattice, are all displaced from their
perfect lattice positions. The main problem is
to calculate, knowing the forces, the new equi-
librium configuration and hence the energy of
the defect lattice. The calculations, though
in principle straightforward often suffers from
the inaceuracies of the interaction -potentials
between ztoms. It might appear obvious that
the interaction potential between two atoms
could be derived from the electronic model of
the atoms themselves.

The difficulty however is to know whether
interaction potentials derived thus are valid in
the defect lattice. At the moment, however,
semiempirical interaction potentials derived
from various experimental data on perfect
lattice are used in these calculations.

In conclusion we remark that the results of
such calculations, not only gives us estimates
of the energies as mentioned earlier, but, also
throw some light on the validity of model as
well. In fact recent results of calculations of
this nature shows that some of the ionic
crystals are better represented by the 'shell
model” as opposed to the well known point
in model.

This Journal has been completely passed

by the competent authority.
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A WORD FROM

H. GUNAWARDENE

(Vice President, Ceylon Astronomical Association. Council Member International Union
of Amateur Astronomers).

by an enthusiastic group of students of the Colombo University. This

particular issue is also significant, because it is a combined effort of the

Astronomical and Mathematical Societies of the University. Although
there is no separate Department for Astronomy as such, some students
and senior lecturers are trying to devote some of their spare time towards the sub-
ject and are also keen in getting the |3 inch Reflector back into operation. All this
is very noteworthy because even as far back as || years ago the Needham Commi-
ssion had recommended the setting up a Department of Astronomy in our
University.

IT is indeed a pleasure to note that another issue of SIGMA has been produced

The importance of a subject iike Astronomy is not apparent on the face of
things. But as a subject with ramifications into many other sciences both in the
theoritical and practical fields, its importance cannot be disputed. However spare
time studies by a handful of students is not good enough for a University. At least
some official recognition even within the framework of the Mathematics Department
must be found. As Astronomy is mainly a subject for research it would mostly
interest post graduate students, scholars and research workers from outside.

Regarding instruments the 13 inch Reflector in the campus (when brought back
into working order) would be quite sufficient for a start. Accessory equipment such
as plate holders and a photo electric photometer could be bought or built.What
is urgently needed is to organise systermatic Astronomical studies within the Uni-
versity, and it is in this direction that we need help from others with ex-
perience. Some post graduate students could be trained in the fields of Astrono-
mical instrument maintenance and modern observational techniques. These persons
could then heip others on how to observe and anaiyse resuits. On the strength
these theoritical studies may be attempted. | can say here that many countries are
willing to help us, if only we ask them. The standard of our science students have
always been high, and there is littie doubt that given the right opportunity our
students would shine in the field of Astronomy too. | wish the University Astrono-
mical Society ail success in the furture.
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