TIGHT BINDING BOOK



UNIVERSAL
LIBRARY

OU_164101

AdVvddl
1VSHIAINN






OSMANIA UNIVERSITY LIBRARY
Cal! No. , Accession No,
Author
Title

This book should be™ »turned on or before the date last marked below.






PROCEEDINGS

OF THE

INDIAN ASSOCIATION

FOR THE

CULTIVATION OF SCIENCE

VOL. IIL

Ualcutta :

Printep BY S. C. Roy, ANGLO-SANSKRIT PRESS, /1, SANKARITOLA.
1917.






CONTENTS.

Page.

Notes ou a Free-living Amaba of a new species—Rai Babadur
. Dr. Gopal Chandra Chatterjee, M.B. X
On the Process of Development of Rohita, Catla and Cirrhina
Mrigala in confined Waters in Bengal—Bepin Behary
Das, M.A. .

On Aerial Waves genemted hy Impact Part I[-—-—Sudhumu-
kumar Banerjee, M.Sc. .

On the Drffraction of Light by (‘yhndem of luwe rading—
Nalinimohun Bose, M.Sc. v

Disappearance of volumes by dissolution of whqtanoeq in water
—Jitendra Nath Rakshit, r.c.s. .

On the Application of Cochineal stain on Calcite and Aragonite
—Suresh Chandra Datta, M.Se. ... . .

On the Flow of Energy in the Electro-magnetic hel(l qunound
ing a perfectly Reflecting Lylmdel——'l‘. K. Chinmayanandam,
B.A. (Hons.)

On Resonance Radiation and the Qu wntum 'lheuly—T K
Chinmayanandam, B.A. (Hons. ) ...

Equilibrium between Copper salts and Mercnry in presence of

Chloridion and Bromidion—Jnanendra Chandra Ghose, M.Se.

Notes on Some Fish Teeth from the Tertiary Beds of Western
Indian—Hem Chandra Das-Gupta, M.A., F.G.S.
PLATES.

Notes on a Free-living Ameeba of a new species—Chatterjee,
Plates I and IL ~

On the Process of Development of Rolita, Catla. and Cirrhina
Mrigala in confined Waters in Bengal—Plates, Figs. 1, 2, 3,4, 5
and 6.

On the Aerial Waves generated by Impact—S. K. Banerjee,
Plates I, 11, 111, 1V, V, VI, VII and VIIIL

On the Diffraction of Light by Cylinders of large radins—
Basu, Plate I

On the Flow of Energy in the Elecro-magnetic field surronnd-
ing a perfectly Reflecting Cylinder—Chinmayanandam, Plates
L ILIILIV,Vand VI

Notes on Some Fish Teeth from the Tertiary Beds of Western
India—Das-Gupta, Plate I.

42

68

39






PROCEEDINGS

OF THE

INDIAN ASSOCIATION FOR THE GULTIVATION OF SCIENCE.

Vol. 111

No. 1.

Saturday, FFebruary 24th, 1917 at 5 par. Dr. B. L.
Chaudhury, D.Sc., F.1..S., F.R.S.E., Vice-President,
in the chair.

Notes on @ Free living Ameba of @ new Species.

By Rar Baumavur, Dr. Goral. CHANDRA
CHATTERJEE, M.B.

Introduction.——-In routine bacteriological exanima-
tion of samples of potable water, I accidentally found
a protozoa of identically the same species as the one [
found previously in the intestinal contents of a
diarrheea case. It formed a subject of a paper 1 re-
cently published. This stimulated me to make a study
of protozee fauna of potable waters with a view to
tstly isolation in pure state protozeeally speaking of
some of the easily culturable types and study them in
all their phases in test-tube cultures so that it may
serve to illuminate some of the obscure points in the
life history of some of the allied parasitic forms, 2ndly
to find out any particular species or group of species
in any sample of water, presence of which may
indicate possible feecal contamination.
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I entirely depended on cultural methods for separa-
tion and study of the protozce. By these means, [
have succeeded in isolating several types. One of
these is an amoeba which showed well marked charac-
ters by which it can be easily identified and differen-
tiated from the previously known ones.

Description of the ameeba.—It first came under my
observation in ordinary peptone bouillion culture of
a sample of water. In this it grew luxuriantly, a
single drop of the broth showing millions of them.
When examined under high power without staining.
these were seen as small globular bodies floating about
in the fluid. They showed very little amceboid moves
ments. When examined carefully, the circular bodies
showed change of shape and occasionally a slight
protrusion of pseudopodia.

When stained by Giemsa stain, they show a body
about 3 to § & diameter. In the centre is situated a
voluminous nucleus ; this shows a cluster of chromatic
dots distributed throughout the nucleus without show-
ing any differentiation of central caryosome and
peripheral chromatic layer. No definite nuclear mem-
brane can be made out in many specimens. The
chromatic dots forming the nucleus are distributed
throughout the protoplasm of the cell, so that a
differentiated nucleus is not clearly seen. The proto-
plasm of the cell shows no vacuole no pulsating
vacuole can be made out. It is uniformly stained.

Method of division—The dividing stage has been
clearly followed by me in. plate culture underneath
the microscope. As a rule one amceba divides into
two. The process takes from begining to complete
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separation not more than 5 to 10 minutes. In stained
preparation, no definite karyokinetic figure can be
made out.

In some specimens, a large number of big-sized
amceba are found which show the nucleus divided into
5 to 8 parts and distributed through several parts of
the body of the amceba. This seems to suggest a
process of schizogony but actual division into several
amcebze has not been observed by me.

Cyst or spore formation.—In several ordinary types
of culture amceba found in water, they show a well
marked tendency to form cyst on the third or fourth
day of culture irrespective of supply of nutrition or of
water—in fact this cyst formation is the rule.  In this
amoebee [ failed to find any cyst even after 1o days of
culture in solid medium, After this time, they die
out and disappear from culture whereas in the case of
ordinary amebze they can be seen in solid medium
even after two months though most of them have
transformed themselves to the cystic stage.

Flagellate condition.—Under certain condition,
which I could not make out, the majority of the indivi-
dual amceba in culture transform themselves suddenly
to actively moving flagellate condition. These when
fixed and stained by Iron-Hematoxylin show a small
oval body about 34 length, showing clear proto-
plasm and a nucleus situated at one pole of the body.
The nucleus show clear differentiation of a central
caryosome and a clear zone outside it. In front of the
nucleus are seen originating two flagella without the
intervention of any basal granules.



( 4 )

Cultural characters.-—This ameba shows a remark-
able property of growing luxuriantly in ordinary agar
used for cultivating bacteria and also in broth. In
Frosch’s medium, it also grows luxuriantly. In Mus-
grave’'s medium it grows scantly. On the surface
of potato, the ameeba grows very luxuriantly. When
a film is made from potato culture, the amobce are
seen in various sizes, some being not bigger than 154
while the biggest measures about 7 to 8u.

Literature.—For the purpose of my paper, it will
suffice if 1 deal with the papers dealing with the cul-
turable free living amcebee whose specific characters
have been clearly defined.  Of those the most import-
ant is by Nigler who described the characters of 7
varieties of amaebee which he cultivated in Irosch’s
medium. All these amwba are much bigger than
the one I have dealt with and all showed cyst forma-
tion very readily. Wherry isolated an amaeba from
water and studied it for 2 years. This showed endo-
genous budding and Dbinucleated cyst formation.
Besides this showed flagellate condition  This is also
much bigger than my amcebe.

Vahlkampft describes characters of Amoeba Simon.
These all show cyst formation and pulsating vacuole.

From all these it appcars that this amceeba differs
from all previously described ones by the following
characters. ‘

(1) The power of rapid growth in ordinary agar

and potato,

(2) By its small size,

(3) Want of cyst formation.
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Lllustrations.

1. Plate No. [ is made from 24 hours bouillon
culture stained by Giemsa. The plate shows an actual
field showing the large number of amceba. It is
drawn under {4 apochromatic lens and No. 6 eye-
piece.

Plate No. II is a preparation from a plate culture
in ordinary agar. Stained Dby Iron-hamatoxylin
drawn under {5 apochromatic lens and No. 12 eye-
piece.
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On the Process of Development of Rokita, Catla and
Cirvhina Mrigala in confincd Waters
in Bengal.

By Brrin BeEHARY Das, M.,
Introduction.

The principal and the most economic of the Bengal
fresh water fishes of the carp family are the Rokita,
Catla, Cirrkina mrigala and Calbasu. In Bengal,
the AFRW of ancient India, where rice being the
staple food, fish eating was considered necessary by
the Hindu Sastrakars, the culture of these fish was
thought of as an important element in domestic econo-
my. This culture was, however, entirely in the hands
of fishermen who, though not a race of great erudition,
was undoubtedly one of keen intellect and from whom
originated the famous #T¥<® and the renowned
Pandavas and Kouravas. It is true that those of
superior intellect under great paternal influence deve-
loped themselves into the greatest geniuses and Rajas
but those who were left to their professional calling
did not leave to posterity any written account of their
work. It is therefore very unfortunate that no liter-
ature as to the mode of culture of fish in vogue in
ancient times has been discovered. All that is known
about their work is that fishes of the carp family were
regularly stocked in household tanks from where
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they could be easily fished for use. The practical
methods in connection with the culture, it appears,
have been handed down from father to son as is the
case with most of artisan classes in India. From
what could be gathered from the present generation
of Bengal fishermen who command information of
about one century back, it is clear, that they had no
knowledge of the spawning habits of the fish like
Rokita, &c., which form the subject matter of the
present paper. Consequently no attempts were made
to culture the fish by inducing them to spawn. It is
however certain that the practical fisherman of Bengal
attempted to find out whether it was possible to raise
fry by the spawning of the fish in Tanks. There is
also evidence of attempts for finding out the conditions
under which the fish wonld spawn. The sum total
of their knowledge in this direction is that these
fish do not breed in tanks or in confined waters in
Bengal, while the inferior members of the family
Cyprinidee do breed in contined waters. With our
present knowledge about the spawning habits of these
fish it will be wrong to reflect on the spirit of research
of our fishermen. It was not for the practical fisher-
man to undertake such a work and he never felt any
great necessity for such a knowledge in his culture
of fish. In some cases local knowledge of great
scientific value has been noticed and worked up to
but there had been no attempt to publication. This
is due mostly to the poor condition of the fishermen—
they, being pressed very hard for the bare necessities
of life, were unable to think of anything beyond what
brought them something to go on with.
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“In cool sequestered vale of life

They led the noiseless tenor of their way.”

In all cases the practical fishermen were able to obtain
fry for his economic culture. This ready supply of
fry from the rivers made him think of the spawning
condition of the fish not as a thing of great importance
in his culture. He, however, knows that the fish have
roe in some cases and milt in others and that the ripen-
ing of the roe and the milt takes place once in one year
viz., in the rainy season.  After the first showers when
there is tlood in the rivers tiny larval fish are fonnd in
great numbers.  These are collected by a very careful
method devised by the fishermen themselves and cul-
tured in small nursery tanks before they attain the
shape and form of fish in the course of two weeks.
There are a class of fishermen whose work is to nurse
the larval fish for two weeks after which the small fry
are caught by a fine net and sold to others who either
stock the fish in larger tanks or who nurse them in a
second system of tanks where they grow up to finger-
lings in two months. These are then introduced into
stocking tanks where the growth is a matter of
chance ;—in some tanks the rate of growth is small,
while in others it is extraordinarily great—depending
chiefly on the natural nutrition of the tank.

Thus the system of culture in use in this country
starts with the collection of the fry from rivers and
ends with the stocking of the fingerlings in stocking
tanks. There is no arrangement to examine the fish
before it is taken out for consumption—and no rule to
preserve it, if it is not fully grown. Th.e ﬁsh. is gener-
ally caught for the first and the last time in its life
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~and when once caught it is not allowed to retun to
water even if it has not attained the adult stage.
There is however a tendency to allow it to grow up
as it is considered more profitable to kill it when adult
than when it is young. This indiscriminate destruc-
tion of young fish is due partly to the pressing needs
of the poor fishermen and also to the manner of leasing
out the fisheries.

As the Tanks are mostly owned by the Zamindars
and others who are not fishermen the fish culture in
them is involved with some difficulty. The culturist
in most cases has to take lease of the tanks and pay
rent to the owners or the culture is done by the owners
themselves. In the latter case the owners have to
incur expenses for the purchase of fry and the cost of
netting fry and the fish. In the majority of such
cases the owners of the Tanks who might be called
amature fish culturists do not sell their fish to the
public but reserve them for their own use on extra-
ordinary occasions and feasts. So that the fish pro-
duced by the amature culturists is not available for the
regular consumer. On the other hand the fish pro-
duced by the fishermen is the source of a regular busi-
ness which forms the means of livelihood of many of
them. This fish forms a part of the fish supply in
Bengal markets. The quantity however is very small
and many of the fishermen engaged in the business
complain of the small pofit. It is therefore clear that
without an improvement in the method of culture,
Pisciculture in tanks will cease to be of any use as
regards the supply of fish to the public and also as
regards a business by itself. The enquiry into Fishery

2
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matters was undertaken by Sir K. G. Gupta and on
his .recommendation one student was deputed to
study the culture of the Carps in Europe which are
similar to our Rohita &c., and another for Shad in
America which are similar to our Hilsa. The writer
of the present paper was elected to study the culture
of carps in European countries where the results have
been very promising. The following account is a
brief statement of the work undertaken by him since
his return to India.
Experiments and Observations.

Soon after my return from Europe I arranged in
March 1910 four tanks spawning experiments in Bha-
galpur. These were not more than 10 cottas each in
extent and were constructed by erecting small embank-
ments in a sloping land. The site was in the Hathia-
nullah in Barari, Bhagalpur. Brood/fish (Rokita, Catla
and mrigal) were collected from the river Ganges and
also from the several tanks in and about Bhagalpur.
These broodfish were with the exception of a few only
not properly mature for reproduction and the mates
were not exactly matched on account of the great
scarcity of broodfish. But before any experiment
could be tried the spawning tanks were filled up by
an accident. This was on account of the slip of a
huge bank of sand from the water-works. Thus no
results were obtained in 1910-11.

My next attempt was at Berhampur in the District
of Murshidabad. Arrangements were made for six
spawning experiments with Rokita, Mrigal and
Calbasu. Four of these were tried in four newly ex-
cavated tanks, 50 feet by 50 feet and 8 to 10 feet deep.
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The other two experiments were tried in two old
tanks which were cleared of the silt from the bottom
and re-excavated for the purpose. Broodfish were
collected from the Bhagirathee and Bhandardaha Beel
as well as from some of the tanks in Kasimbazar and
Polinda. In the selection of the broodfish great atten-
tion was paid to sexual maturity of the fish—only fully
mature ones were taken for the experiment. There
were no mature Caf/a found although more than 100
fish were examined. In this selection of the brood-
fish it was noticed that while in some tanks the Rokita
and mrigal were found mature enough for reproduc-
tion, in others there was no development of the
genitals although the fish were in an adult stage
weighing 5 to 6 seers each. The same was the
case with fish from the Bhagirathee and the Bhandar-
daha Beel. The development of the genitals of the
fish under varied circumstances is a subject by itself
and has not been properly studied.  This is left alone
for the present. I am gathering materials to work up
this subject and hope to complete it in future, To
return to our point, only fully mature fish were used for
the experiments at Berhampore. The Rokita and
mrigal/ weighed from 4 to 6 seers each and the
Calbasuw were from 14 to 2 seers. In selecting the match
(Spawning party) great attention was paid to make
the males strangers to the females. This was done by
putting together males of one tank or river with
females from a distant place, e.g., the males from
the Bhagirathee were put together with females from
a tank in Polinda. This kind of mating is believed
in Austrian and Bohemian culture stations to increase
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the sexual attraction and enhance the breeding. This
is also said to improve the breed.

During the collection of the broodfish the males
were kept separate from the females and every care
was taken to see that the fish did not get any way
injured—not a single scale was allowed to come off.
They were transferred from one tank to the other by
means of large wooden barrels full of water and car-
ried on bulluck carts. Only two fish were taken at a
time in a barrel containing 70 gallons of water.

The experiments proper ware started in the second
week of June. The ratio of the females to the males
in a spawning party was not allowed to be less than 1 :
2 nor was it more than 3:4. In the course cf five
weeks from the starting of the experiments a large
number of fry was discovered in five of the experi-
mental tanks. These were found to be mrigal in
three cases and Rokita in other two; while in the
tank in which the calbasu were put no fry were ob-
served.

The tanks were situated at a distance of one mile
from where I stayed, I visited the tanks three or four
times during the day while a watchman was on duty
all the time near the Tanks. No spawning movement
was noticed by me or the watchman. But after five
weeks swarms of tiny fish were observed in the four
new tanks and in one of the old tanks as stated
above.

The fry were fed with powdered lumps of dried
blood collected from the slaughter house. The fry
got accustomed to this feeding like the trout finger-
lings to minced liver in Europe, They also increased
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fairly well. In two weeks they increased to one inch.
Everything was going on in order and there was
every hope of rearing the young fish to maturity. But
on account of an accident nothing further could be
done. On the 17th September, 1911, there was a very
heavy rainfall continuing for three days at Berham-
pur. All the tanks and the adjoining drain which was
in connection with the Bhagirahee formed one sheet of
of water. The result was that all the fry were lost
and none could not be reared to maturity.

The conclusion arrived at by these experiments
was that the »oksta and the mrige/ under favourable
circumstances do breed in still water of tanks. The
spawning habits of the fish as also their spawning
movements were however not studied, nor was it pos-
sible to study the development of the embryo in the
egg.

[ am very much thankful to the Hon’ble Maharaja
Manindra Chandra Nandi of Cossimbazar and to
Babu S. V. Sen, Zamindar, Khagra for rendering me
valuable assistance in respect of collecting broodfish
for these experiments and in a variety of ways.

During the following four years experiments were
conducted by the Fishery Department in Berhampur,
Cuttack and Bankipur under the direction of the
Deputy Director of Fisheries. Fish from the rivers
were used as broodfish. The results of these ex-
periments led to no defenite conclusion regarding
the breeding habits of the fish. In some cases the
catla and the mrigal were supposed to have spawned
from the presence of the fry in the tanks discovered
afterwards but neither any observation about the
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nature of spawning, nor any study about the embry-
onic development of the fry within the egg was done.
It was decided that in still water the spawning of the
fish in tanks is a matter of chance z.e., under peculiar
circumstances if the female fish sheds her ova directly
when the male sheds his spermatozoon, fecundation
takes place. The fish were considered to spawn only
when there is a current. The work of the Fishery
Department in this direction then consisted in obtain-
ing the fry from the river and supplying them to the
public at cost price.

In 1915 I tried to artificially fertilise the eggs of
vohita, catle and mrigal/ and subsequently to in-
cubate them in Macdonald jars. In an experiment
of this kind done at Berhampur in 1910 according to
the report of Babu S. V. Sen, Zamindar, Khagra, a few
fry were obtained. I however was unable to come to
any conclusion about it because myself never pro-
ceeded with the incubation of the eggs which were
considered to have been fertilised. 1 was able only to
mix the ova which were obtained by a caesarian oper-
ation on the female with the milt which could be
stripped out of the males. 1 was compelled to leave
the products, which on account of a change in appear-
ance was considered to have been fertilized, in charge
of Babu S. K. Sen who after some time reported to
have obtained a few fry. In 1915 I was able to make
a series of experiments of a similar nature at Cuttack.
More than 25 experiments were done by taking out
the ova by cutting open the female fish and mixing
them with the milt which was obtained by stripping
the male. There was a change in the appearance of
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the ova when it was mixed with the milt. As there
was no development of the embryo on incubation in
Macdoland jars and in hatching trays under different
conditions, the change in the appearance of the ova
was certainly due to the absorption of water which
might contain a trace of some salt and not to any real
fertilisation. In these experiments I was able to try
only the »okita and calbasn from Tanks. It was our
intention to try the river fish—but no mature males
could be obtained for our experiments—all those
caught in the Mahanuddy were fully spent.

The conclusion arrived at by these experiments was
that the artificial fertilization of the ova of »okita, &c.,
was very uncertain on account of their gelatinous
nature. For this reason stripping is not possible even
when the first is ripe. The extraction of the eggs by
opening the fish evidently does not give the ova which
are really fit for fertilisation. ‘These experiments were
started from the 1st of July rgrsand all the male
vokite and mrigal from the rivers were found to be
fully spent. From this and from my previous obser-
vations on the development of the sexual organs of
the fish it appears that in an adult fish (»okite &c.,)
the ovaries and the testes start to develop from the
middle of March and become fully ripe by the end of
May. So that the breeding season commences early
in June.

With this state of our knowledge about the breeding
habits of the #okita, &c., I was lucky to find, that
the exact nature of their spawning. I was present in
the village Talbandi in June 1916 when the fish were
actually spawning in a “ Bandh.” “Talbandi” is 13
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miles from Garbetta in the District of Midnapur. The
“ Bandh " or the Embankment in this village was con-
constructed about 25 years ago. The construction is
very much like a large spawning tank in Bohemia.
During the rains the water area extends over more
than 50 ézghas but in dry weather it reduces itself to
10 bighas or less. The embankment is at the foot of
a sloping country mostly covered with a juungle of Sal
trees. The slope is very gentle being less than 1: 50.
So that the banks were nearly flat except on the side
in which the embankment was constructed in order
to form the reservoir. The condition was very similar
to that in the spawning tanks in Europe and also to
that in my experimental tanks in Bhagalpur. Here
therefore 1 got everything what I was looking for in
my experimental spawning tanks; there was the em-
bankment, very gentle slope of the side, the bed which
had been exposed to the sun and air during the major
part of the year, &. And the most important thing
in them was that there were the broodfish. The
people also reported that these fish regularly spawn
almost every year. One thing in this place was not
similar to the European spawning tanks for carp.
It was this that the sides were not overgrown with
grass &c., to which the firstilised eggs stick as in the
case of the eggs of the common gold fish. The ori-
ginal intention for the construction of the Reservoir
was irrigation but they introduced in quantity of fry
in order to get some fish as a bye-product. These
ultimately grew up and started spawning. Near about
this reservoir I erected temporary hatchery. There
was ‘an arrangement for working four Macdoland



(17 )

hatching jars, two wooden hatching trays and the final
waste water was introduced into an excavation in the
earth 3 ft. x 2 ft. x 14 ft. deep. The water from the
last was allowed to flow out through a brass mesh.

Thus equipped [ was watching the movement of
the fish in the reservoir. In the afternoon of the
13th June 1916, I found that some of the fish were
moving about but this movement could not be con-
sidered to be due to spawning. This movement
ceased under cover of night. It was drizzling but
there was no breeze. Towards morning rather a
strong breeze started and the fish were seen in groups
coming in very shallow water where it was only one
foot deep. Some of the fish were lying quite flat on
one side for a time then they ran about round and
round not very far from a central spot where they
again returned. The water was very much coloured
on account of the washing of the laterite of the soil
and for this reason the exact outline of the fish could
not be seen when in motion. But when some of them
were lying on one side as stated above the fish could -
be distinguished. I saw many times large cat/a fish
which would be more than 25 seers each. The
mrigals were seen with the mrigals at time but during
the whole period, all the »okita, mrigals and catlas
were moving together. The fish were not at all shy
and could be taken without any trouble. In this hetero-
genous mixture the fish were touching one another and
at times gathered together in heap. There were
boalzs in the reservoir and two of the breeding fish
were attacked by the doaZi. In one case the boali
was killed by the bystanders, The spawning started

3
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at 4 A.M,, in the morning and in one hour’s time large
numbers of fertilised ova were drifted to the banks
which were at about 20 yards from the spawning centre.
I collected some of these and started their incubation
in my hatchery. The spawning continued till 8 a.m.
There was no current of any kind either flowing into
the Reservoir or out of it. The drizzling rain was so
small that the water was getting soaked in the sand.
The breeze however continued and became stronger,
Many of the eggs on that account were thrown over
the dry sand which formed the banks of the ‘“ Bundh.”
A good quantity of the eggs was thus lost. Those
which remained in the water were collected by those
who do business in fry or those who culture fish in
tanks. [ arranged to introduce water by earthenware
pitchers in order to put back the eggs into water and
thus a portion was saved. The eggs remained in water
in any position as their density was nearly the same
as that of water. As the spawning continued the eggs
were drifted more and more and in larger quantities
towards the shore. When the spawning ceased the
water was full of eggs from a depth of three feet to
the shore. For ten hours the eggs were not allowed
to be disturbed. After that time the development of
the embryo within the egg shell was perceptible. The
spinal column was seen nearly surrounding the yolk
sac. It was then that they considered the eggs to be
ripe (fen #ifeag). The eggs were collected by men
who came from the adjoining villages and also from
distant places, The collection of the eggs started
from 2 r.M., and continued till 6 p.M. The owners of
the Bundh did not charge any price for the eggs
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but they distributed them among the assembled
mass in order to ensure even distribution as much as
possible.  The management in this distribution was
difficult and riots were not very uncommon that day.
The eggs were collected by dipping with an earthen
or metallic vessel about one seer in capacity. When
the egys became scarce on account of constant dipping
they used a fine cloth to gather them together. When
they collected as much of the eggs as they could, the
work in the Bundh was finished. They took away
the eggs with water in earthen “ Handis” and put
them in small excavations in the earth. These were
about 3 feet by 4 feet and 2 feet deep. Some of them
were larger while others were smaller. They are called
“ Hapor” #i"2 and are filled with rain-water collected
from the low lying lands. The eggs remained there
till they were 24 hours old in which time they hatched
out. After the eggs had all hatched out the larval
fry were collected by means of a fine cloth and put
into another similar excavation filled with fresh
water. The fry are then ready for sale to those,
who culture fish in tanks. These people come from
over 20 miles. The sale is very brisk for the first
two or three days. It sometime continues for 15 days
but after seven or eight days the fry become weak
and begin to die for want of food. During this
period the only work of the fry seller is to add fresh
water to the pits or ‘“Hapors™ and to protect them
from overheating by the direct rays of the sun.

In my extempore hatching I incubated the eggs
(1) in Macdonald jars (2) in a glass aquarium (3) in
Zinc and (4) wooden troughs. The incubating appara-
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tus were put in series and a gentle current of water
about 15 quarts per minute was made to pass through
them. Fine brass mesh was put seperating the
diferent incubating vessels. For want of proper
equipment microscopic examination of the embryo
could not be done during the successive stages on
the spot. From an examination of a series of speci-
mens preserved by my wife, [ am able to work out
the growth stages of the embryo within the egg and
also when it hatched out. For want of time [ not was
able to study more than a few of these specimens in the
laboratory of our Science Association which has been
my home, my alma mater, my guide, philosopher and
friend ever since the dawn of my intelligence I am
studing there specimens which show the development
of the fry up to one month and hope to present
you a thorough account in the next meeting. The
following is the description of the different stages as
far as | was able to complete.

(1) First hour after spawning
(2) Twelve hours ,, .
(3) Sixteen hours ,, .

(4) Twenty four hours after spawning
just before hatching.

The egg shell is not shown in figs. 2,3 & 4.

(50 Seventy six hours after spawning or two days
after hatching, side view.

(6) Ditto, dorsal view.
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Further Experiments on Electrically maintained
Vibrations.

By C. V. Raman, m.A. and AsauTtosH DEy.

(See Proceedings, Vol. 11, Part I, 1916).
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On Aerial Waves Generated by Impact*.
Part 1.
By Supnansukumar Banerjer, M.Sc.
1. Introduction.

The origin and characteristics of the sound pro-
duced by the collision of two solid spheres were dis-
cussed by me at some length in the first paper under
the same title that was published in the Philosophical
Magazine for July, 1916. It was shown in that paper
that the sound is not due to the vibrations set up in
the spheres, which, in any ordinary material, are both
too high in pitch to be audible, and too faint in inten-
sity, but to aerial waves set up by the reversal of the
motion of the spheres as a whole. The intensity of
the sound in different directions for the case, in which
the two spheres were of the same material and dia-
meter, was investigated by the aid of a new instrument
which will be referred to as ‘the Ballistic Phono-
meter”.t The intensity was found to be a maximum

* This is the complete paper of which an abstract was read at
the Annual Meeting held on the 23rd of November, 1916. Vid,
Report for the year 1915.

'+ This name was suggested by Prof. E. H. Barton, D.Sc., F.RS,
writing in the Science Astracls, page 399, Sept., 1916.
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along the line of collision, falling off gradually in other
directions to a value which is practically zero on the
surface of a cone of semi-vertical angle 67° and rising
again to a second but feebler maximum in a plane at
right angles to the line of collision.

In view of the interesting results obtained for the
case of two equal spheres, it was arranged to continue
the investigation and to measure the distribution of
intensity when the colliding spheres were not both of
the same radius or material. A mathematical investi-
gation of the nature of the results to be expected
in these cases was also undertaken. In order to
exhibit the results of the experiment and of the theo-
retical calculation, a plan has now been adopted which
is much more suitable than the one used in the first
paper. This will be best understood by reference to
fig. 1 (Plate I), which refers to the case of two spheres
of the same material and diameter.

This figure has been drawn by taking the point at
which the spheres impinge as origin and the line of
collision as the axis of #, and setting off the indications
of the Ballistic Phonometer as radii vectores at the
respective angles which the direction in which the
sound is measured makes with the line of collision.
The curve thus represents the distribution of intensity
round the colliding spheres in polar co-ordinates, the
points at which the intensity of the sound is measured
being assumed to be all at the same distance from the
spheres. The results are brought much more vividly
before the eye by a diagram of this kind than by
plotting the results on squared paper.
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2. Case of two spheves of the same material but
of diffevent diameters.

Figure 2 (Plate II), which shows the observed dis-
tribution of intensity when two spheres of wood of
diameters 3 inches and 2} inches collide with each
other, is typical of the results obtained when the im-
pinging spheres are nearly of the same density and
are of different diameters. There is a distinct asym-
metry about a plane perpendicular to the line of
impact. In addition to the maxima of intensity in
the two directions of the line of collision, we have
the maxima in lateral directions, which are not at
right angles to this line. The directions in which
the intensity is a minimum are also asymmetrically
situated.

For the explanation of these and other results, we
have naturally to turn to the mathematical theory,
which rests upon the fact that the sound is due to the
wave-motion set up in the fluid by the sudden reversal
of the motion of the spheres. Let @ and 4 be the
radii of the two spheres and p, and p, be their
densities. Then the masses of the spheres are 4mp,a®
and $xp6°® respectively. Denoting the changes in
velocity which the spheres undergo as a result of the
impact by U, and Uy respectively, by the principle
of constant momentum we have U,: Uy=p,6°: p,a®
The ratio U, : Uy, thus depends only on the diameters
and the densities of the spheres, while, of course, the
actual values of U, and U, would depend on the
relative velocity before impact and the co-efficient of
restitution. It is obvious that if we leave out of
account the duration of impact, that is, regard the
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changes in velocity of the spheres as taking place
practically instantaneously, the character and the ratio
of the intensities of the sound produced'in different
directions would be completely determined by the
sizes of the spheres and the ratio of their changes of
velocity, that is, by Zkeir diameters and their masses;
when the spheres are of the same_material, the nature
of the motion in the fluid, sét up by the 1mp
depends only on the radii of the spheres.

The complete mathematical problem of finding the
nature of the fluid motion set up by the reversal of
the motion of the spheres, taking the finite duration
of impact into account, would appear to be of great
difficulty. In my first paper, I have shown that when
a single sphere of radius @ undergoes an instant-
aneous change of velocity U, the wave motion pro-
duced is given by the expression

(=)

¢z Ua? 3 (c/+a—7

Y= [”— -4 7r>:| cos 6, (1)

which indicates that it is of the damped harmonic
type confined to a small region near the front of the
advancing wave. The wave motion, set up in the
case of two spheres in contact assumed to undergo
instantaneous changes of velocity, would be of a more
complicated type. -In order to obtain a general idea
of the nature of the results to be expected, parti-
cularly as to the intensity and character of the sound
in different directions, we may consider the analogous
acoustical problem of two rigid spheres nearly in
contact, which execute small oscillations to and fro
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on the line of their centres. This problem may be
mathematically formulated and approximately solved
in the following manner :— |

Given prescribed vibrations

ket iket
U, cos 6, e and U, cos §, ¢
on the surfaces of two spheres of radii ¢ and 4,
nearly in contact, it is required to determine the
velocity potential of the wave motion started and the
distribution of intensities round the spheres, where 6,
and 9, are the angles measured at the centres A and B
of the two spheres in opposite senses from the line
joining the centres of the spheres.

Supposing now that an imaginary sphere is con-
structed, which is of just sufficient radius to envelop
the two actual spheres (touching them externally), it is
possible from a consideration of the nature of the
motion that takes place in the immediate neighbour-
hood of the two spheres, to determine the vibrations on
the surface of this imaginary sphere, which would
produce on the external atmosphere the same effect
as the vibrations on the surfaces of the real spheres
A and B. When the equivalent vibration on the
surface of the enveloping sphere has been obtained,
we can, by the use of the well-known solution for a
single sphere, at once determine the wave motion at
any external point.

The radius of the enveloping sphere is evidently
a+6, and its centre is at a point C, such that BC=gq
and CA=4.

If the point C be taken as origin, and if the equi-
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valemt- vibration on the surface of the envelopmg

sphere be expressed by the series

tkot
2 A, P, (vos 0) e , (2)

where A,’s are known constants, the velocity potential
of the wave motion produced at any external point is
given by
L N 4 q A, P, ..
@+o® ik (ct—r+a+td) s (cos 6) fo ik, (8)

¥=—" F, (ik. a+6)
where

. n(n+l), (n—=1)n{n+1) (n+2)
S bh=1+ D (a44$ﬂ2

1.2.8...2a
t 2.4.6...2u. Gl

and

F, Gkr)=() +ikr) [, Ghr)—ikr £, (dkr). 4)

To obtain the equivalent vibrations on the surface
of the enveloping sphere, we shall regard the small
quantity of fluid enclosed by this sphere as practically
incompressible, and use the well-known solution by the
method of successive images for two spheres in an
incompressible fluid.

We know that the velocity potential due to such a
system of two spheres in an incompressible fluid can

be expressed in the form
U. ¢+ Uy ¢, (5)
where ¢ and ¢’ are to be determined by the condi-
tions
\vad ¢=O» V2 ¢I=O’

= —cos 6,, and %?—:O, when =g,
1

cv‘g

"
’,

3, = —cos 6, and %%:O, when 7,=90,

R

#, and 7, being radii vectores measured from A and B.
When ¢ and ¢’ have been determined so as to
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satisfy these conditions the equivalent vibrations on
the surface of the imaginary enveloping sphere can be
taken to be very approximately given by
P Qo] tket
[ogtrugth,, ®)
The functions ¢ and ¢’ asis well-known can be
determined by the method of successive images and if
the expressions for the velocity potential due to these
images be all transferred to the co-ordinates (7, 6)
referred to the centre C of the imaginary enveloping
sphere, we easily obtain
23 b %
Ap=a’ [ (a+ b)3+(a+26)3 (2a+ 2&)3+(2a+ 368

P, (cos 6)
e
y B+ ab—8%) 5 (282 —a) B (a°+ab—28)
+20° [ e H | B S Y ( PER A

&3 (36*—2a?) 1P, (cos 6)
(Ra+38 — ) o

. B ab—8%® BREE—5)? 63200+ ab— W)
2.3 2
+34 [b (a+ 6)° + (a+2065 = (22426
b3(80% — 2a%)? 1P; (cos.6)
Ra+36° ~ ] ot
.. a4 ab—13)5 B2 —a®)s B3 (2a%+ b —20%)°
3 3 —
t+4a [6 @+o® T ar e (2a+ 28)°
+b"(:ib”—ilﬁ)”__m}gé (cos 0)
) (2a+ 86)° Vel
+ etc., 7

’ a’ ad a® a
29’ = 1 (a+a)s+w+za)* @ 2 g s
P, (cos 6)
”ﬁ

BB+ ab—a®)  a¥(202—08) a3(28%+ ab—2P)
&+ a)* (6424~ (%6+2)*
a5(3a8—28) P, (cos 6)
26+3ap ~ 1 A

+ 268 [a_
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e8| a2 a3+ d6—4t2)2+ ad(2a— 042 G307+ wb— 2422
- [ CTT  bFay C+2a T R+ 2a)
+ a3 (8a? — 246%)? . ]Bi(yg_@
(R6+ 3a)s rt
445 ad P +ab—a?)® @22 —0%P  aB(20°+ ab—24%3
+ [“ T+t E+24)0 = (20424
a® But—240°)3 .. .—‘ P*((.'OS 6)
(204 3u)$ Jd s
- etc., : ‘ (8)

the law of formation of the series within the brackets
“being obvious.
Coming now to the present problem of two unequal
spheres of the same material, let us take
a=2 inches and é=1 inch.

Since the change of velocities of the two balls is
inversely proportional to their masses, we must have
U,=8U,.

Substituting the values for 2 and ¢ we easily find that

\

111 L1l 1P, (s )

—03 R — R Tl 4
2p=2 [( o +7,+103+ ) <33+63+93+ )J 4

14 2 5 8
DXOX] .
+2.2 [1 (34 gt > (44+74+w4 )]
P,(cos 6)
5

2 5 8 5 8 110 \(Py(cos 0)
+323[1+ gt ) ~(F+gt ]—TF-

5 8% 118 148 93 83 )
+4.zs[1 (56+56+ 5+ ast - ) (46+76+we+ ]
P (cos 6)
7-5
+ etc., ' (9)
1 1 1.1 -y /1 1 1 )]
sl L 1 oy (110 ]
Ag'=—R [(23+53+83+113+"') (38+6s+93+
P,(cos 6)

re
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DAEDLS I ’ l l I
z. ( 6Ll ) (24 1[4'

su[(a D100 ) (e e )]P (cos )
—3 93 B W R T S A Vit
>R [(25+55+ g Tt ( +65+9°+ o

13 73 BT 108, 18 )]P4(cos 0)
+4.28 [( +66+96+ --)+(§6+56+ st )
—etc. (10)

Summing the series we easily find that the prescribed
vibration on the surface of the imaginary envelopmg

)] Py (co= 6)

sphere

[a¢+ g a¢ ] tket

‘ o a’ r = 8 ins.
is proportional to
[-sz«mp1 (cos 6)+ 3180 P, (cos §) — 2'108 P, (cos 6) +
. iket
35 P, (cos 0)+.etc.] e.

We have seen that when the prescribed vibration on

the surface of the imaginary sphere is
iket
ZA,Py(cosf).e

the velogity potential of the wave-motion is

__ a0 gkt —r+ath A Py (cos 6)
‘#_ » (k u+b)f(kr)
Now when # is large,

Ju (ikr) =1,

so that the factor on which the relative intensities in

various directions depend is
P, (cos 6)
Z %0 R Gk atb)
Thus if we put this quantity=F +7 G, the intensity
of the vibrations in various directions is measured by

F*+ G2,
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.The distribution of intensities in different directions
round the spheres will be influenced to a considerable
extent by the value of the wave-length chosen If
we take £ (a+6) = 2, the wave-length is 3= inches
and if we take £ (@ + 4) = 3, the wave-length is 2= inches.
From the expression (1) for the wave-motion produced
by a single sphere undergoing an instantaneous change
of velocity, it is seen that the wave-length to be
chosen is of the same order as the circumference of the
sphere. From this, it appears that for a system of
two spheres whose radii are 1 inch and 2 inches res-
pectively, the wave-length to be chosen should be
some value intermediate between 27 and 4, probably
nearer 27 than 47 ; for, in the actual case of impact,
the smaller ball which would undergo by far the greater
change in velocity would probably influence the
character of the motion to a greater extent than the
larger sphere. At the same time it must not be forgotten
that the analogy between the case of impact and the
case of periodic motion cannot be pushed very far, in as
much as the fluid motion due to impact is undoubtedly
of different character in different directions, and not
throughout the same as in the periodic case.

Now taking £ (4 +6) =2, we find (neglecting a con-
stant factor) that
F = 0992 P, (cos 6) +'2840 Pyicos 6)—-0356356 P, (cos 6)

— 01461 P, (cos 6) + ete.
G = ‘0496 P, (cos ) — *4040 P, (cos ) — 01767 Py (cos 6)
+ 0315 P, (cos 6) + ete. (11)
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- The values of F, G and F?+ G2 for different direc-
tions have been calculated and are shown in the follow-
ing table :—

TABLE 1.

(in}:l:g'zses.) F x const. G x const. (I‘“(:gn(;:))x
o + 329,000 — 338,000 223,144
10 + 325,908 — 326,525 212,552
20 + 297,435 — 273,545 162,738
30 + 251,537 — 214,337 109,300
40 + 189,095 — 114,659 48,946
50 + 114,215 — 24,107 13,572
60 + 33,341 + 74,407 6,565
70 - 43,647 + 155,306 25,961
8o —~ 107,073 + 205,212 53,574
90 ~ 147,250 + 213,625 67,405
100 - 158,815 + 178,920 57,322
110 — 140,329 + 106,238 30,836
120 — 95,149 + 8,675 9,100
130 = 34099 — 99,267 10,957
140 + 35677 - 202,159 42,100
150 + 1,02,819 — 289,237 94,130
160 + 157,865 - 353,605 150,280
170 + 192,648 - 3§z,229 190,913
180 + 201,000 — 404,000 203,617
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. Now. taking £ (a+6)=3, we find (neglecting a con-
stant factor) that

F=1105P,(cos 6)4 106 Py(cos 6)+016P; cos 9)— 281P, (cos 0)
- etc.

G = —1225P,(cos 6)+ 186P,(cos 0, — 024 P (cos § — ete. (12)

The values in different directions have been calcu-
lated for these expressions and are shown in the
following table :—

TABLE IL
(in ‘3: gg:: :s.) F x const. G x const. (F(g ct)ng,))x
o + 900,000 + 38,000 811,444
10 + 890,608 + 28,804 794,265
. 20 + 849,305 ~ 2,390 720,805
30 + 752,167 — 45754 567,620
40 + 572,469 — 99,446 335,284
50 + 309,902 — 123,998 111,476
6o - 5783 — 135,346 18,261
70 — 313,014 — 118,446 111,893
8o — 542,728 — 73,554 300,178 .
90 .= 635,375 — 9,000 403,306
100 —371,364 + 60,786 3397762
110 ~ 371,618 + 118,638 154,545 .
120 - 96,799 + 149,218 31,610
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"

(m’:lzglr'::s) F x const. o G . X const. (’I":ctnf';’t))x"
t30 " + 184,472 + 144,494 " 54593, 7
;.;‘6 + 412,409 + 105,758 , | , 4‘8.0»98,(’:):,1;
.'."5° R ‘*“5'59’907‘ | i + 44;§59;"‘ | s 35625 ..
160 "+ 630,625 — {21,410 ; 398 6o7
170 ~ + 654,606 | %"'69,748 ' 433,925
"."183 e Ty 658,:000 - 88,Vooo B 449,70?

The values of ' F*+G? shown in’ Tables Iand Lk
have been plotted in polar co—ordmates in ﬁgs 3
and 4. It is seen thatin both cases, the intersity in
the direction of the larger ball is greater than in the
direction of the smaller ball. The asymmetry is most
marked when £ (@ +4) has the larger vajue. -

The intensity of the sound in different directions
due to the impact of two spheres of wood; diameters
3 inches and 1} inches respectively, has been:measured
with the ballistic phonometer and is shown in Fi ig. 5)‘3

It is seen that the curve is intermediate in; form
between those shown in fig. 3 and fig. 4, exactly as
anticipated. The agreement between theoty and
experiment is thus very stnkmg ip this case

3. Two spheris of the same: diameter 6ul of

5 different materials. e
We thave seen in the preceding ‘section -that ifi" ¥he’
expressions F and G for two“spheres of the same
material but of unequei diameters, the terms contain-
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ing the second order zonal harmonic P, (cos 6) usually
preponderate, and that the intensity diagram is accord-
ingly a curve which consists of four loops. A different
result is obtained in the case of two spheres of the
same diameter but of markedly unequal densities.
The zonal harmonic of the first order preponderates
in this case and the intensity diagram is a curve
consisting of only two loops. To obtain this result
theoretically we have to proceed on exactly the same
lines as in the preceding pages.

Taking a=1 inch and é=1 inch, we easily find from
the expressions (7) and (8) that

9= [I-gtp— gt g oo G20
+8 (1=t bt o ote [ P2 O
+4 [1-%+%_%+é§_ ew_] P, (:;»s 0)

+ etc.

_— 1.1 1 1
2¢ =~ [1—@‘*‘5'3—;‘34'5—3— etc.]—-——;;————

1.1 1 1 P, (cos 6)
+2 [l-—-é‘;"'g;"@“'s;— ete. }%'

1,1 1 1 P (cos 6)
—8 [1—§°+§°“25+55 ete.] s fooa

1,1 1.1 P, (cos 6
+4 [1-gggrg oo 020
- — ete - . (18)
Summing the series we easily find that the vibrations
g, 1. P ke
[U‘ 53 +If1, 3 e

r =2
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on the surface of the enveloping sphere can be ex-
pressed in the form

b [(U,~ U x 2254 By (cos 6)+(U,+Ty) x 3550 P, (son 6)
+ (U,—Uy) x*8645 Py (cos 8) +(Ua+Uy) x *3080 P, (cos 6)
ket
+(U,— U, x 2325 P, (cos 0)+etc.] . (14)

If the ball of radius 4 is four times heavier than the
one of radius @, we have

Uy,=4 Uy.

So that the vibrations on the surface of the envelop-
ing sphere is proportional to the expression

[-6762 P, (cos 6) +1-7750 P, (cos 6)+ 10935 P, (cos 6)
+1:5400 P, (cos 6)+°6975 P, (co- 6)+~~t.c.] ¢

Now taking #£ (a+46)=1, which will give a wave-
length equal to the circumference of the enveloping
sphere, we get

F= -13524 P, (cos 6)—-04987 P, (cos 6)—'0074 P (cos )
+ 0007 P, (cos 6)+ete. '

G=—'0876 P, (cos 0)—'0798 P, (cos 8)4 0047 P; (cos 6)
+°0012 P, (cos 6) —ete.

ket

The values of F and G, and of F?4+ G in differens
directions obtained from the preceding expressions are

shown in Table III!
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. TABLE III,
(ingggggs.) . Fxconst.. - G x const. (cm-;n(i:-))x
N ° ' 4+ 486,000 ~ 1,415,000 ‘2,62o,czx
' 'xo + 793,'732 - 1,374,897 §,521,06x
B TS N 813,819 - 1,256,037 2,240,132
30 + 835,068 - 1,068,615 1,839,986
49 [ i+ 845629 - 826,059 1,397,992
' 50 4 828,667 — 540,652 989,741’
6o ;. -~ 4+ . 768,690 | — 262,257 660,005
e, | .+ 654,504 + 7901 427,780
8o o+ 482,433 + 237,049 288,493
:9Q L +.. 253,125 + 403,500 225,913
100 + 228,907 + 495,515 297,466 *
e | - 331,298 "+ 509,107 . 368,642
130, . .= 647,986 + 454;321 . . 626,929 :
130 - 954,405 + 347,884 1,031,220
a9 | 0 —1,229,335 S+ 211,923 1,555,385
150 C - 1,458,4:96 + 71,667 2,130,048 3
160 - 1,629,521 - 47,667: ‘ 2,655;850 '
170 - 1,734,880 — 128,811 3,026,866
180 ~ 1,770,000 — 154,000 3,157,549
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The values of (F*+ G?®) shown in Table III have
been plotted in polar co-ordinates and are shown in
fig. 6. It is seen that the maximum intensity in the
direction of the heavier ball is greater than that in the
direction of the lighter one.

The "experimental curve of intensity of sound due
to impact of a sphere of wood, diameter 214 inch,
with a billiard ball of nearly the same size is shown in
fig. 7. It is found that the directions of minimum
intensity are not quite in the plane perpendicular to

the line of impact, they being nearer the side of the
lighter ball.

A result of some importance indicated by theory is
that when one of the spheres is much heavier than the
other, replacing the former by a still heavier sphere of
the same diameter should not result in any important
alteration in the distribution of the intensity of sound
in different directions due to impact. This is clear
from expression (14). For when U, is much larger
than Uy, any diminution in the value of Uy should not
appreciably affect the value of the expression. This
indication of theory is in agreement with experiment.
Several series of measurements have been made with
various pairs of balls of the same size but of different
deansities, namely, wood and marble, wood and iron,
billiard ball and iron ball and so forth. Generally
similar results are obtained in all cases. It was noticed
also that the form of the intensity distribution as
shown by the ballistic phonometer was not altogether
independent of the thickness of the mica-disk used in
the instrument. This is not surprising, as the
behaviour of the mica-disk, before the pointer attached

3
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10 it ceases to touch the mirror of the indicator, would
no doubt depend to some extent on the relation
between its natural frequency and the frequency of the
sound waves set up by impact. The best results have
been obtained with a disk neither so thick as to be
relatively insensitive, nor so thin as to remain with its
pointer in contact with the indicator longer than
absolutely necessary.

4. The general case of spheves of any diameter
and density.

When the impinging spheres are both of different
diameters and of different densities, the results generally
obtained are that the sound is a maximum on the line
of impact in either direction and a minimum which
a~pproaches zero in directions asymmetrically situated
with reference thereto. Generally speaking no maxima
in lateral derections are noticed, that is, the curve
consists of two nearly closed loops. The difference of
the intensity of the sound in the two directions of the
line of impact may sometimes be considerable. As a
typical case, the results obtained by the impact of a
sphere of wood 3 inches in diameter with a brass
sphere 118 inches in diameter are shown in fig. 8. It
is observed that the sound due to impact is actually of
greater intensity on the side of the small brass ball
As a matter of fact the result generally obtained is
that the intensity is greater on the side of the ball of
the denser material, even if its diameter be smaller.

The mathematical treatment of the general case is
precisely on the same lines as in the two preceding
sections. It is found in agreement with the experi-
mental result that in practically all cases in which both
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the densities and the diameters are different, that the
zonal harmonic of the first order is of importance and
that the intensity curve consists of two nearly closed
loops, as in the case of two spheres of the same
diameter but of different densities.

5. fS’ummary and Conclusion.

The investigation of the origin and character of the
sound due to the direct impact of two similar solid
spheres which was described in the Phil. Mag. for
July, 1916, has been extended in the present paper to
the cases in which the impinging spheres are not both
of the same diameter or material. The relative
intensities of the sound in different directions have
been measured by the aid of the ballistic phonometer,
and in order to exhibit the results in an effective
manner, they have been plotted in polar co-ordinates,
the point at which the spheres impinge being taken as
the origin, and the line of collision as the axis of z.
As might be expected, the curves thus drawn show
marked asymmetry in respect of the plane perpendi-
cular to the line of impact.

A detailed mathematical discussion ¢f the nature of
the results to be expected is possible by considering
the analogous case of two rigid spheres nearly in
contact which vibrate bodily along the line of centres.
By choosing an appropriate wave-length for the
resulting motion, intensity curves similar to those
found experimentally for the case of impact are arrived
at. A further confirmation is thus obtained of the
hypothesis regarding the origin of the sound suggested
by the work of Hertz and of Lord Rayleigh on the
theory of elastic impact.
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When the impinging spheres, though not equal in
size, are of the same or nearly the same density, the
intensity curve drawn for the plane of observation
shows the sound to be a maximum along the line of
impact in either direction, and also along two directions
making equal acute angles with this line. The sound
is a minimum along four directions in the plane.

In practically all other cases, that is when the
spheres differ considerably either in density alone, or
both in diameter and density, the intensity is found
to be a maximum along the line of impact in either
direction, and to be a minimum along directions which
are nearly but not quite perpendicular to the line of
impact. The form of the intensity curve is practically

determined by the diameters and the masses of the
spheres.

The investigation was carried out in the Physical
Laboratory of the Indian Association for the Cultiva-
tion of science. It is hoped when a suitable oppor-
tunity arrives to study also the case of oblique impact.
The writer has much pleasure in acknowledging the
helpful interest taken by Prof. C. V. Raman in the
progress of the work described in the present paper.

CaLcuTTa, |
The 16th of June, 1917. )



5. K. Banerjee. PLATE L

Fig, 1.
Observed distribution of sound intensity around two

equal colliding spheres of the same matevial.
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Fig. 2.
Observed distribution of intensity due to impact

of two unequal spheres of wood.

Spheve on left ; Sphere on right ;

3 inches diameter, 21 inches diameter.
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¥ig. 3.
Calculated Form of Intensity Curve due to two Spheres
of diameters 2: 1. |k (¢ 40)=2.]
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Fig. 4.
Same as fig. 3, but with £ (« +0)==3.
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Fig. 5.
Observed Form of Intensity Curve due to impact
of Spheres of diameters 2: 1.

(Material, wood ; diameters 3 inches and 1) inches respectively).
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Fig. 6.
Caleulated Form of Intensity Curve due wo two

equal Spheves of densities 4: 1.
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Viserved Form of Intensity Carve due to impaet of Spheres

/
>

Fig. 7.

of nearly equal dizmeters but different materials

Sphere on left : Sphere on vight, :
Material, billiard ball ; Material, wood
Diameter, 24 inches, Diameter. 24 hnches

Mass, 150 g, Mass, 66 gis,






S. K. Banerjec. PLATE VIIL

I\~

\\\
——

Fig. 8.
Observed Form of Intensity Curve due to impact of two

Spheres of different diameters and densities,

Sphere o left : Sphere on right :
Material, brass ; Material, wood ;
Diameter, 1} inches; Diameter, 3 inches ;

Mass, 118 gmns, Mass, 158 vms,
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On the Diffraction of Light by Cylinders
of large Radius.
By NarLinimonaNn Basu, M.Sc.
Iutroduction,

1. C. F. Brusu has recently published a paper
containing some interesting observations on the
diffraction of light by the edge of a cylindrical
obstacle*. Brush worked with cylinders of various
radii (the finer ones being screened on one side so as
to confine diffraction to the other side only), and
observing the fringes formed within a few millimetres
of the diffracting edge through a microscope, found
that they appeared brighter and sharper with every
increase in the radius of the cylinder. The fringes
obtained with a smooth rod of one or two centimetres
radius differed very markedly from these formed by
a sharp edge or by a cylinder of small radius. They
were brighter, more numerous, showed greater
contrast between the maxima and minima of illumina-
tion, and their spacing was different from that given

® “Some Diffraction Phenomena : Superposed Frimges” by C, F,
Brush, Proceedings of the American Philosophical Sociely, 1913,
pages 276-282, See also Science Abstracts No. 1810 (1913).
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by the usual Fresnel formule. Brush also observed
that when the radius of the cylinder was a millimetre
or more, the fringes did not vanish when the focal
plane of the microscope was put forward so as to
coincide with the edge of the cylinder. Sharp narrow
fringes were observed with the focal plane in this
position, becoming broader and more numerous as
the radius of the cylinder was increased.

2. To account for these phenomena Brush has
suggested an explanation, the nature of which is
indicated by the title of his paper. The diffraction-
pattern formed by the cylinder is, according to Brush,
the result of the superposition of a number of
diffraction-patterns which are almost, but not quite,
in register. He regards the ecylindrical diffracting
surface as consisting of a great many parallel ele-
ments, each of which acts as a diffracting edge and
produces its own fringe-pattern which is superposed
on those of the other elements. Brush has made no
attempt to arrive mathematically or empirically, at
any quantitative laws of the phenomena described in
his paper. A careful examination of the subject
shows that the view put forward by him presents
serious difficulties and is open to objection. One of
the defects of the treatment suggested by Brush is
that it entirely ignores the part played by the light
regularly reflected from the surface of the obstacle at
oblique or nearly grazing incidences. I propose in
the present paper (4) to describe the observed effects
in some detail, drawing attention to some interesting
features overlooked by Brush, (4) to show that they
can be interpreted in a manner entirely different from
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that suggested by him, and (¢) to give a mathematical

theory together with the results of a quantitative ex-
perimental test.

3. Reference should be made here to the problem
of the diffraction of plane electro-magnetic waves by
a cylinder with its axis parallel to the incident waves.
The solution of this problem for a perfectly conducting
cylinder has been given by J. J. Thomson#, and for a
dielectric cylinder by Lord Rayleight. These solu
tions are however suitable for numerical computation
only when the radius of the cylinder is comparable
with the wave-length. A treatment of the problem in
the case of a cylinder of any radius has recently been
given by Debyel He considers the electromagnetic
field round a perfectly reflecting cylinder, whose axis
is taken for the axis of 2, with polar co-ordinates 7,9, and
waves in the plane of zy polarised in the direction of

hx
z, the electric component in 2 being ¢. Expressing
the disturbance-field in the form.

")tk
r = Jy (e
Z 2e “H, (l‘d) .

H,(4r)cos ng

(in which ], 1s the usuil Bessel function, H, is

Hankel’s second cylindrical function and £= %:—r), Debye

* “Recemt Researches in Electricily and Magnetism”, p. 428.
t Phil Miag, 1881. Scientific works, Vol. 1, p. 584.

I P. Debye, “On the Electromagneltic jleld surrounding a Cylinder
and the theory of the Rainbow”, Phys. Zeitscher. 9. pp. 775-778, Oct.,
1908, and Scfence Abstracts, No. 258, 1909.
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transforms the solution into the simple form

7 _\//@ e —-M‘(?‘—2acos$ )
&r ; :

Debye's work 1s of considerable significance but his
final result is valid only for points at a great distance
from the surface of the cylinder, whereas the pheno-
mena considered in the present paper are those
observed in its immediate neighbourhood. No com-
plete mathematical treatment of the subject now dealt
with appears to have been given so far.

General Description of the Phenomena.

4. The experimental arrangements adopted are
those shewn in the diagram (fig. 1.).

'1!\%[@ -

Fig. 1.

Light from a slit S falls on a polished cylinder of
metal or glass and passes it tangentialiy at C*.  The
axis of the cylinder is parallel to the slit. A collimat-
ing lens may, if necessary, be interposed between the
slit and cylinder. The fringes bordering the shadow
of the edge C are observed through the miscroscope-
objective M and the micrometer eyepiece E. The
latter may be placed at any convenient distance from

* A glass cylinder may be used without inconvenience as the light
tran