


The Secretery to the Government of ladras,
! ;

oY Education Department.
o
sir,
I have the honour to forward herewith for favoursble con—
sideration, an application (with enclosures) from lr. T. K.

Chinmayanandam, who comes from Madras, and is now successfully

-engaged in original research in this institution.

It will be evident from the enclosures that Mr. Ghinmaya-

nandam has had an exceptionally distinguished record 1n the
Madras University, & record which impressed the authorities of
~the Indian Association fgr the Cultivation of Science so greatly
thaf they awarded him a special scholarshib tenable at Calcutta
%or prosecuting research in its physical laboratory.
I am in a pdsition from personal khéﬁiedge to write in
terms of the highest praise regarding Mr,Chinmayanandem's skill
‘ as an experimenter, the methodical orderliness of his work, his |
clarity and soundness of judgmént, and the, facility with which
he has made himself familiar with the latest developments in
theoretical physics. These are the qualitiés indispensable for a
_teacher of Science in advanc@ed work, and I can with great con-
fidence recommend him for an appointment in the Indian Educational
- Service. |

mhe two pesearch papers, copies of which accompaniﬁevthié'

letter, furnish evidence of the originality and scientific abil;ﬁi
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Endian Asoocintion for the Cultiation of Science.
210, Bow-Bazar Street.

Caolputta Wl a8 00 4 79

of their author. Even a casual perusal of the paper on the "Flow {?5
of Energy ih the Electro-magnetic Field surrounding a perfectly
reflecting Cylinder” will show that Mr. Chinmayanandam has suc—

Ceeded in developing and extending the work of some of the eminent

'ﬁhysicists of the day, among whom may be mentioned Prof. R.W. Wood

F. R. S. of Johns Hopkins University, and Prof. Debye of Munich,
and that he has verified his theoretical results by an exhaustive
and painstaking experimehtal'study. The other paper on Resonance
Radiation and the Quantum Theory deals with the tﬁeories of Atomic
Structure which are at bresent engaging the attention of the
leadiﬁg physicists 211 over the world. Among the most remarkasble
results obtained in this baper m2y be mentioned the proof given
(vages 5-7) that Dr. Silberstein's theory of Resonance Radiation
is untenable, and the exXplanation suggested (vage 25) of Barkla
and Shearers‘ experimental result regarding the Veloeity of Secon—-
dary Corpuscular Radiatbon. Another interesting paper on the
Diffraction of Light by an Obliquely held Cylinder by Mr. Chinmaya-

nandam is also shortly to be vublished.

I have the honour to be
s e
your most obedient servant
Sir Taraknath Palit Professor of»Physu%. “'

Calcutta University.
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b il Mr.T.K.Chinmayanandam was a student in my Honours
Classes at the Presidency College from July 1913 to April 1916.
At the end ofbhis period he passed his degree examiﬁation '
taking a Pirst class 1n Honours in Physics, and the First Place
in that class. His whole university career is a record of
first classes; ande may say the same of his work with me'r%
throughout his éourse. His abilities are pf a high order, as
this récord shows. I shall be most glad to anéwer any enguiries
about him. | :

; : ¢ {8d.) R.Ll.Jones,
drd July, 1916. Prof. of Physics.




Madras.
Senate House. i

Dpated 14 Jun 1916

OFFICIAL MEMOPANDUM No. 4234 .

Ref. —— His communication dated I1-6-1916
The following marks were awarded to candidate No.29

(T Chinmayanandam) at the B A.(Honours) Degree Examinatign

of 1916 (Brancn'II-A)' L -

subjects - Number ot
’ marks awarded

Written Examination in the Main W : ;
Subject - ‘ 465

Practical Examination & Labora- o
tory Note Book in the Main
; Subject : ’ 445 e
subsiary subject : 114

‘ : (Sd.).Johan.‘Hensmen,‘

‘ U , o fon Reéisfraf.
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Uit

English

Tamil composition
Mathématics
Physics

Chemistpy

\

The follouing marks wCre ‘awarded to him at the Intermo

v,
Examinat én of 1913 (Reg.»No. 12%) ¢

Ofrlce of the Regisﬁrar, University'o
/ .~ 'Madras.

Senate House.

‘pated 21 Jun 1916

*

Numbef of
marks awarded

.

176
40
72 :

774

3 4 ; g
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Subjeet.

Returning with remarks the Govemnment memorandum No.
4 A-1 dated 11lth January 1918 regarding the application of
Mr., T.X. Chinmayananiam for an appointment in the Indian

o f Educational Seréice.

KNcLOSURES.

| No. ! Ref. on Cur. No. 413/18

Bl e Station M 8. 4. .x.. . .8..8.,Datd the ... |.%. . . Jenuary 191 8

Jzomn ( ?Kame) The. Hon MT..J.H.Stone, Mok, FoReHoSa,Oulel

(Designation) Director..of.. rublic..Instructior

o She Secwtamzj, to the Sovermment of Nadzas,

HOME (Education) @Wpd”btﬂ%ﬂt.
iz,
In returning herewith the papers referred to me for

4 ¢ (440 remarks with memorandum No. 4 A-1 dated 11th January 1918, |

0% |
|
3]

I have the honour to state that in reply to & similar com-

munication addressed to me I have informed MRRy. C.V.‘
. Raman that M.R.Ry. Chinmayanandam should with feféxende to .
k'%%,? G+O.No, 928 Edl., dated 18th October 1912 make an applieca-
. tion to the Government of India in the prescribed form
through the Governmént of Bengal and that there is no

vacancy in this Presidency for which Chinmayanandanm's

_attainments




attainments and aptitudes would speecially fit hin.

S.V.

1 have the honour to be,
sir,

Your most obedient servant,

A~

e Sl

-

for Director of Public Instruction.

The Frdian Association for the Cultivation of Science.

On the Flow of Energy in the Electro-
magnetic Field surrounding a Per-
fectly Reflecting Cylinder.

By, T K, CHINMAYANANDAM, B.A. (Hons.),
Research Seholar in the Indian Association for the Cultivation

of Science, Caleutla.

(Reprinted from the Proceedings, Vob. LII, Part V, 1917 )

T alcutta :
1917.



On the Flow of Energy in the Electrb'- ,
magnetic Field surrounding a
Perfectly Reﬂectmg s
Cylinder. :

Bv T. K. CHINMAYANANDAM, B.a. ( HONs.) o
Reseaych Scholay in the Indian Association for
the Cultivation of Science, Calcutta,

§ 1. Introduction.

In a paper recently contributed to this journal,* Mr.
N. Basu has discussed the general features of the
phenomena observed in the immediate neighbourhood
of a perfectly reflecting cylinder, on w}rich plane light
waves are dncident in a direction at right angles to its
axis. Further investigation was, however, necessary
in order to establish the formulee for the distribution
of light intensity in the various parts of the field.
These formule have now been obtained, and subjected
to a detailed experimental test. Besides descri ing

the results of a photometric study that has been carried
out, the p;resen»t paper also deals w1th the form of the




2 T. K. CHINMAVYANANDAM.

lines of flow of energy through the field, which, it is
thought, may prove of interest with reference to the
work of Profs. R. W. Wood* and Max Masont on the
simpler case of the interference field due to two point
sources of light.

It may be remarked here that the phenomena, which /

form the subject of this paper may be strikingly shown
on a large scale, without the aid of a microscope, by
using a cylindrical surface of very large radius as the
diffracting “edge.” A strip of thick plate glass, two
inches wide and about a yard long, may be bent into
a circle of some yards radius by resting it on supports
near the two ends, and loading the latter sufficiently.
A slit illuminated by a Cooper-Hewitt lamp and placed
at some distance from the surface in a line with
it, may be used as the source of light. A very large
number of fringes may then be seen with a low-power
eye-piece, if the plane of observation be within a few
feet of the cylindrical ““edge.” At greater distances,
the fringes widen out; their visibility and number
decrease, and their spacing alters with increasing
distances from the cylinder in such manner as to
approximate more and more closely to that of the
diffraction fringes due to a straight edge. Some
photographs which have been taken with the arrange-
ment described above are shown in Plate VI, where
figures (a), (b), and (c) correspond to the phenomena
in planes at increasing distances from the edge.

* R, W. Wood.—On the Flow of Energy ina System of Inter-
ference Fringes, Phil. Mag,, 18, p. 250.

+ Max Mason.— Zhe Flow of Energy in an Interference Field,
Phil. Mag., 20, P..290s

On the Flow of Emnergy, ete. 3

§ 2. The Form of the Iilumination Curves.

Debye* has shown from the electro-magnetic theory,
that at a great distance from a cylinder (assumed to
be of large radius) on which plane waves are incident,
the disturbance due to it is practically the same as
that to be expected from the principles of geometrical
optics, this statement however not being taken as
correct in respect of points lying in a direction very
nearly the same as that of the incident rays. Debye'’s
results suggest a simple method of finding the distribu-
tion of intensity at points lying within the region of
light, in the immediate neighbourhood of the cylinder.
Let AOB (Fig. 1) represent the section of the

K
4
M M’
Q - e
C O \P
X
QI P/
B
Y
Fioit

* 7
g Debye.—Phys. Zeitschr.,, 9, pp. 775-778, Nov., 1908; also
Science Abstracts, 1909, p. 88.

7



4 T, K. CHINMAYANANDAM.

cylinder, and KOY the direction of the incident rays.

We may assume that the fringes observed in the plane
OX containing the edge of the cylinder, grazed by the
rays, are due solely to the interference of these rays
with those reflected from the surface of the cylinder at
varying angles. This would also be the case as regards
any plane such as QR in advance of the edge. But
the phenomena in a plane such as Q'P’ which lies on
the remote side of the edge, would not admit of such
simple treatment, especially when we consider the
effect at points lying not far from the boundary OY of
the direct and reflected rays. In such a plane, the
intensity at any point on the right of the boundary
may be regarded as due to the superposition of three
factors, (a) the effect due to the direct rays, (4)
that due to the reflected rays, and (¢) a diffraction
effect mainly perceptible in the neighbourhood of the
boundary. If the cylinder were replaced by a perfectly
reflecting semi-infinite screen lying in the plane CO
with its edge at O, the diffraction effect would be
found as in Sommerfeld’s well-known investigation,*
by superposing upon the direct rays, a radiation emitted
by the edge of the screen. It will be observed that
in the present case, the intensity of the rays regularly
reflected from the cylinder, as given by the formule of
‘Geometrical Optics, is zero along the boundary OY,

increasing slowly as we move away from the boundary
‘into the region of light, and thus presents no dis-
continuity. It thus seems justifiable to assume that so

far as regards the phenomena in the region on the

~ * Sommerfeld. —On the Math. Theory of Diflvaction, Math
7 Annalen, Vol, XLVII, p. 317, 1895,

e

N

e

¥
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right-hand side of the boundary, the diffraction
effect (¢) is practically the same as in the case of a
semi-infinite'screen with its edge at O.

The distribution of intensity in the field may be
readily found on the foregoing assumptions. Take
the edge O as origin of co-ordinates, and rectangular
axes OX, OY, perpendicular and parallel respectively
to the direction of the incident rays, and let the
angle OCQ, assumed to be small, be denoted by 6.
The path difference between the direct and the re-
flected rays reaching any point P is

§=27/\ (QP—MP)+

=240* (y+a6)+ = ap.proximately,
if £ be written for 27/A.
Again, if the amplitude of the incident light be taken
as unity, that of the reflected light may be written as

()’ |
p+QP (4
where , is the radius of curvature of the reflected

wave on emergence at Q. Since

= imately
p = - approximately

P S a9
p+ QP 274 3a0

In any plane in advance of that passing through the

edge of the cylinder (y= —d, say), the expression for
the intensity of illumination at any point is

I=1+s—2/s cos ¢ siadl)
where ¢ =216 (y+ab)

af
and s =30+

The positions of the maxima and minima of illu-
mination are given by

X
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has a constant value of (1+\/5>’ and I a value

1y i ; : :
(1— \—/—§> The ‘visibility’ of the fringes IS thus
stationary along this plane for a considerable distance
from the edge.

Passing on to consider the distribution of Intensity
in any plane Q'F’ below the plane y=o0, we have,
as remarked above, to 2dd to the effect of the direct
and the reflected rays a diffraction effect. We shall
represent the latter effect by thatduetoa single source
placed at the edge 0, the amplitude of the disturbance

' due to it, at a point in the region bounded by OX and

QY being given by Sommerfeld’s expression®

G P (o ’”‘*’i‘r){ - coslqug@' o gfr_%_@_'} ©
where # is the distance of the point from the edge O,
@, are the angles which the diffracted and the incident
beams respectively make with the direction XO.
If we denote the angle P’OY by «
Q=37/2—« @' =m/2
so that expression (6) becomes

1a /A 7r) 1 )

—_— — €O e — R

i\ 7 s (/cr nt+y (il B
2

ot N
e

since « is small so far as our investigation is concerned.

- fi SR aenly
Now =P O=y+—2§ yAEs

7

, approximately,

* Sommerfeld—/Zoc. cit.
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so that the above expression reduces to
_VA ot 7
o 0 ( k. y+2y—7zt+ i ) (approx.).
The total disturbance at P’ is thus
E=cos (ky—nt)—r/s cos (ky—nt+k. 2a6°+ 2507
VN 2T
T ra P (k.y/ T Ry —nH—é p 6
2
Remembering that, since 2=346%/2+ 26, %=2y99+ 8a6*
we get for the intensity of illumination at any point,
the expression I=1+8—2,/Scos y ... ()
L .?/)\ \/Tyx I) ! 9 o
where S_s+—4w%2+ oo ( ka63+4 S {8)
x=Fk (2a6°+ 270 +¢ ... )
VIA sin (Ic403+ Z_) 5 &
and tan .= -%° - . (10
~ 1 AN 3y 7
2\/a+—; cos (.lcaB o+ 4)‘
Equations (4) and (7) give for the positions of the
maxima and minima of illumination
8a0%/2+2y0=ux
26+ 26 = mA /2 — (11)
al’+ «y0 = o (
We see that the introduction of the diffraction term ¢
has slightly changed the positions of the maxima and
minima. The magnitude of the change depends upon e
which is zero when y=o (equation 10), and steadily o
Rt
increases with y to a limiting value of (,{:a0’+3—;) or 41 :

since kaf® is negligible over the first few bands when
y is sufficiently large. By actual calculation it is found
that this limit is practically reached, when y is over
three times the radius of the cylinder. Under these

conditions, equations (11) reduce to
=g\ (dm—1)/4. 43 S 19)

%

S
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Formula (12) is identical with Schuster’s formula for
the case of diffraction of plane waves by a straight
edge.

Returning to equation (7), we see that the intensity
of illumination of the successive maxima and minima
is given by ‘

— 2
T e =(144/8) } (13)
L oyin, = (l—\/S)Q
where S is given by equation (8).

The intensity curve for a plane 5 mm. behind the
““edge” is shown in Plate I (¢). It will be seen that
the ratio of the minima to the maxima is considerably
greater than in (&) and (4). Calculation also shows
that the visibility of the successive fringes in this plane
of observation should decrease, though somewhat
slowly. " For still greater distances from the edge of
the cylinder, the illumination curves become practically
identical with that of the Fresnel type due to a straight
edge, the intensity of the reflected rays becoming
negligible in comparison with that of the incident
and the diffracted rays  The ordinates of the curves
(2), (6), and (¢), (though not the abscisse) have all been
drawn to the same scale, and the curves illustrate the
fact that the luminosity of the field as a whole
decreases as we recede from the cylinder.

§ 3. Photometric Study of the jwld,

The formule obtained above have been tested by
two independent methods—(1) by photometric compari-
son of the maxima and minima of illumination, and
(2) by determination of their relative positions.

A small polished cylinder of glass, of about I'5 cm.
radius, was used. It was mounted on one of the

2
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10 T. K. CHINMAYANANDAM.

stands of an optical bench, and a microscope objective
mounted on another of those stands was brought up
close to the cylinder. Light from a narrow slit was
passed through a collimating lens and was allowed to
fall grazingly on the cylinder. The field was viewed
through a micrometer eye-piece, placed at a distance
behind the objective. By moving the cylinder towards
or away from the objective, the phenomena at different
planes y=d could be observed.

The photometric arrangement used to study the
relative intensity of the fringes was based on a Polari-
zation method. The beam of light was plane polarized
by passage through a Nicol before falling on the
cylinder. The eye-piece, (a low-power one) was moved
off to a pretty large distance behind the objective, and
two narrow slits cut out of aluminium foil and pasted
on two glass strips, were mounted, one above the other,
between the eye-piece and the objective, so as to allow
a small relative motion which could be controlled by a
micrometer-screw. A thin mica plate was also fixed up
on the upper one (which was movable in the actual
experiment), the thickness of the plate and its orienta-
tion with respect to the slit being adjusted by trial so
that, under the conditions of the experiment, it cir-
cularly polarized the light falling on it. The field was

viewed through another Nicol fitted with a graduated .

circle and mounted just behind the slits.

The lower slit was always set on the first bright
band, while the upper one was set successively on the
different maxima and minima. Equality of illumination
of the upper and lower slits was obtained in each case,
by rotating the analysing Nicol.. The reading for the

On the Flow of Energy, etc. II

crossed position of the analyser being also taken, the
ratio of the intensities of illumination could be easily
calculated Thus if ¥ be the orientation of the analyser
in any case (¥ being reckoned from the crossed posi-
tion) and I, I, the intensities of illumination of the
upper and lower slits respectively,
1/I, =sin’y.

Readings were taken for the first few bands on the
planes (1) y=o0, (2) y=o0'5cm., and are shown in
Table I with the corresponding values calculated from

theory. .
TABLE I.
y=0i y=0°5 cm.
MAXIMUM. MINIMUM. MAXIMUM. MiNimum.
L/ L. In/Lo. Io/ILo. L/To

Obsd. | Caled. | Obsd. | Caled. | Obsd. | Caled. | Obsd. | Caled.

1 1'00 1'00 0'0Q o'o7 1’00 I1'00 0'46 0’42
2 096 | 1'00| 008 | o007 | 09I | 093 | 045 | o044

3 100 | 1'00| o012 | o007 | o091 | o9r| o52| 046

4 094 | 1000 | 015 | o007 | 083 o9o| o'52| o046

The discrepancies are within the limits of experi-
mental error, so that the theory developed above
appears to be substantially correct.

As has been remarked already, the theory was also
tested by measurements of the positions of the minima
of illumination in different parts of the field. Some
explanation is here necessary with regard to the
measurements of fringes in a plane in advance of the
“edge” (y negative). With the ordinary arrangement
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Chinmayanandam, | PLATE II.

Heavy lines represent the loci of minimum illumination,
thin lines the “mean lines of flow” of energy,
and dotted lines ther eflected rays.
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of the reflected wave at Q. The expression (,H—Lr)%
2

will in the rest of the paper be denoted by K. The
resultant magnetic intensity at P is
H=cosn(t—-%)+KCOS{n (t-—r—;) +7r}

Let now k,, kK, be unit vectors at P in the direction
of the direct and the reflected rays respectively. The
flow of energy is determined by the Poynting vector
S where

s:ﬁ[m]:ﬁ{mn(z—% )+Kcos{n (z—’—} )+7r}}
x {kl[ cos # ( t-—%)]-;-kz[K cos n(t——% )+W]},

S
Ol'éll=k1 |:cos2 x+ K cos y cos X’] +k, [K cos y cos x' + K? cos‘*’x’]

c
7 i 7
where x=n(t-—?l) and y'=u (t—cl)+7,-,

The time-mean S of the flow of energy is given by

478

- =ik [l +K cos (X’f-x):];l--g- s [K“—K cos (x’—x):|

=S uoJonf] \,

if 2;=1+XK cos (x—x') and ay=K?4 K cos(x'—y)
If @ be the angle which the direction of S makes with
that of the incident rays, it can be easily shown that

aysin 20 24,6
aytagcos 20 T ay+a,

tan@:

since 6 is small,

29{ K?+K cos{w'—x)}

17
142K cos (X' —x) + K2

Thus tan ¢ =

S —

‘)

On the Flow of Energy, elc. 17

: n (ry—n;)
now Xi—=X= =

a

+ 7 =§27‘29’+ T
Hence equation (17) becomes

29{1{2—1{ cos Zizr292} i)

tan @ = .
1+ K?—2K cos 5 21,0

The current of energy at the point is
= 1
S=8—(;_-{ 1P+ a2+ 2a,a,00820 }g

4 9 1 7 9
=—87T—(1+K~—2Kcosc~2r26~) ... (approx.) ... (19)

The lines of flow of energy are determined by the
condition that at any point (r, ) the inclination to the

. NG
nrdr’
\
N
N &
AN R
( J s
//
’ (h.0
) //// e >\%ﬁ,+dkl

0+do)

Bio. 2
direct rays is @, where ¢ is given by equation (18).
From this, we can get the differential equation to the
lines of flow in terms of #, and 6, or dropping the
suffix, in terms of » and 6. It iz seen from fig. 2, that

3
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18 T. K. CHINMAYANANDAM.

—a8df
iR @— drl —adf
But # =7 sin 20=28; =7 cos 20=r (approx.)
: 2 (1d0+ 6dr)—abd0
Shian Oee dr—ad@

a0 a0
or tan @(1—%) =20+ @r—af) - - . (20)

From (18) and (20), we get

20 2K 0 (K—cos 70—2 27‘0’)
ar

2r—aB)+20=(1—0a
( ) ( ar ll +K2—2K cos’c—z— 2r6?

which on reduction becomes

1—K cos —216?
—_— COS —«?1'0”
00 0 0 Ll . @)

i . 1 —2Kcos§ 2r6*

Equation (21) may also be written

d (r 6)——— - .08 \» d\y=0 eo sanii (20)

where \[f=; 2r6*.

In the immediate neighbourhood of a point, we can
1

regardEK which is equal to { —0—(27.%_{1—0) }f as constant

since its variation with 8 and » will be small compared
with the periodic part. On integrating (22), we get

"9_(5_9)% sin y»=const. ... i (29)

which determines the shape of the lines of flow in the
immediate neighbourhood of a point. The points of
intersection of the®e curves with the loci of maxima
and minima of illumination ((,=m=), are given by
the quation

r@=const, ... o (R4)
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This gives the “ mean lines of flow " about which energy
“crinkles” down. They are shown in Plate II (thin
lines). We find that so long as @ is not very large,
these curves are inclined to the direct rays at angles
smaller than those corresponding to the maxima and
minima loci. If we imagine the latter set of curves as
forming successive bright and dark tubes, energy will
flow down across the tubes, its direction being periodi-
cally shifted such that it tends to flow along the bright
tubes and to cut across dark tubes. The shift in its
direction goes through one complete cycle, as the
energy passes from one dark tube, tothe next dark
tube, or from one bright tube to the next, so that the
‘Wave-length' of a crinkle in the neighbourhood of a
point (r,0) may be determined by finding the distance,
along the curve rf=const., between two successive
points of intersection of that curve and the family of

curves 7‘92=m?>\ (the loci of minima of illumination).
Thus
')'62=7—”2A; r6=C

giving Oz% or 86=§%

if 56 be the difference in the g-co-ordinates between
two successive points of intersection. Also if & be
the arc measured along the curve »§=C, we have from
equation (20)

) {( “9+29(20} { } 7% (25)

Along the curve 6= C, de @.

do

4 2ar :
Hence from (25) @) =’ +§§+ 5 approximately.
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Microscopic structure of the field.
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the side of the narrow part of the other. We see also
from Plate IV, that the contracted parts of successive
tubes lie along the loci of max. illumination.

We may now take into account the diffraction at the
edge of the cylinder and obtain the correction to our
results necessary for points below the plane y=o.
Using Sommerfeld’s expression as we have done
before, the electric intensity at a point P’ (fig. 1.) due
to this alone is from (6) '

1
1

i) by o Z"} I

1 X W -
= "%x< V o8 {c\(r —ct)+;}
since « is small; »'=P’O.

Let P’Q=r, and P’M’'=n,.
Then 7’ =(r,—af) sec«=(r,—ab) sec2
‘ =—af+r (1+26% approximately.
s+ alf=nr (14+267).
*_27'6 :
T r—af

If E and H be the resultant electric and magnetic
intensities at P/, ’

7 o
E=cos 7 (t—(;)—K cos n(t 3 )

___1 x_ g_r,-l"a'e)_l
27 750 {” ( ¢ 4 }

SN

VAT

and H=cos 2 (t—z—l)—K cos n(t—z—')

Y
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If k,, k,, k;, be unit vectors measured along #,, » and #’
respectively, the time-mean of the Flow of energy is

found to be given by
-STTS:kl [I—K cos ;—Z 70— K’ cos (70127‘024- g)]

+k2[K2—K cos % 276*4+KK’ cos QI]

’ ’ o g, T 2 i
+k3[K 2K’ cos (32703+4T)+KK cos 4]
: : 1 X
K’ being written for m\/ }

Resolving the vectors along and perpendicular to the
direction of the direct rays, we get

: 8?'” S,=14+K*+K"”?—2K cos %2r99—2K’ cos(i—t27'02+;r—) ]
+2KK' eosg.
e el el >29
= S,=20 {—K cos Z2r6~—K cos (Z2r0 +4‘~)
+2KK’ cos;—r + K+ K"}‘

where ¢ is neglected in comparison with unity and
« and 6 are considered to be the same in the small term
S,. Since K,K’ are each small in the present problem,
terms involving their products and squares can be
neglected. The expression for tan ¢ may then be

written

7 n 5 ™
S 20{ — Kcos’—é2r9”—K cos (5279’+-47)}
tan @:-—s—y=

30
* 12K cos = 2r¢*—2K’ eos(’izrewl) -
= COS—c' 7 % i

From equation (20)

a0 de
W (27—49)4‘20:(1—47{’.) tan @

——

p
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and (30) becomes on reduction
B 2009 K ons (0,030 T
ﬁ__ﬁ 1 Kcon0270 K cox (C 276 +4) i
i T 1—2K cos 22,62—2K’ cos (3 zre'+1)
¢ c 4
2% 9,02 4 2 " 7[
Now K cos - 276°+K’ cos (c 2163+4’ )
=D cos (;2762—% e)
if D'=(K+K'/\/2p+ ==K+ K+ KK'.\ /2
K/
and tan e=m\/2—.
Then (30) may be written
n
et el = 92,02
150____9 1—D cos (c 276 +e) )
ar 7 ;

1—2 D cos (i—l 270+ e)

In the neighbourhood of any point, D and e can be
regarded as constant and equation (32) integrated.
¢9=C—& sin (7&-27'92+e>
0, e
The “mean lines of flow” of energy are still given by
r6=C.

but the actual lines of flow which wind about them cut
them along the curves

Zi2;~92+e=m L Aias)
instead of the curves %21-92=m7.-. It may be noted that

it is equation (33) that determines the position of
the maxima and minima of illumination when the effect
of diffraction is also taken into account, so that the
points of intersection of the lines of flow with the loci
of points of max. and min. illumination still lie on the
‘““mean lines of flow.”

4
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Lines of energy flow in the field due to diffraction
at a straight edge.
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(¢) The loc1 of maxima and minima of illumination
are ngen by 76%=m\/4 and the ‘“mean lines of flow”
of energy are glven by r6= const and are for small
values of 9, less mchned to the direction of the incident
rays than the former set of curves. The actual lines
“of "‘ﬂow crmkle about these mean hnes ! the “ wave-

)V ;’ia dxrectlon at nght angles to it, away from the
cyhnder. - The “amplitude” of the crinkles ‘decreases
‘as » and ¢ increase, and vanishes at sufﬁcxently large

dlsta.nces from the cylmder, A good conception of
the actual ‘phenomena is obtained, if we imagine energy
as ﬂowmg through tubes which widen and contract
penodlcally, the Wldened parts of successive tubes lying
on the loci of minimum illumination, and the contracted
parts on the loci of maximum illumination (see Plate IV).
W _en the radlus of the cylinder is very small, the
i resu]ts obtamed are practically identical with those
‘l obtamed in the case of diffraction by a straight edge.

:,No reference has so far been made to the phenomena
notlced w1thm the region of the geometrical shadow
f the cyhnder ‘The writer has made some preliminary
rvations on this subject, and hopes on a suitable
pportu 1ty to continue the work, which might prove
terest in relation to the general ‘problem of the
diffraction of electro-magnetic waves by cylindrical or
spherical surfaces of large radius. "

Chinmayanandam. PLATE VI

Illustrating the Interferences in the Field surrounding a Reflecting
Cylinder,and the Decrease in the Visibility of the Fringes with Increas-
ing Distances from the Cylinder.
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On Resona.nce Radiation and the
Quantum Theory.*

By T. K. _CﬁIN,MAYANANbAM, B.A. (Hons.)

§ 1. Introduction.

The most fascinating problem, and the problem
that is engaging the attention of the most eminent
scientists of the world at the present day, is the
: problem of atomic structure. As has been expected
for over a long time, the study of the radiation from
the' atom seems to be the best, and perhaps the onIy,
clue to this problem; and already, as we know, the
recent deve]opments in the study of X-rays, and other
high frequency radiations, have thrown quite a flood
of light into this sub-atomic world, But there seems
to be one difficulty, that crops up and mars our
progress ; if we knew the nature of radiation com-
pletely, our way would be easy in solving the oroblem
of atomic structure. But some phenomena have come
to light, such as the emission of electrons by X-rays,
or ultra-violet rays, which seem to defy all attempts
at an explanation on the classical spreading-wave

; ,
- * Read at the Annual Science Convention, 23rd November, 1917.
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theory of radiation. To explain these phenomena,
which grow larger in number every day, the theory
of radiation has to be entirely recast, and one such
attempt and certainly the most important and promis-
ing attempt at such a recasting, is the Quantum theory
of radiation. Thus the present day position comes
out to be that these two problems are closely inter-
twined, and so are the solutions of those problems ;
and any promising attempt at the solution of either
must be in very close relation with the other.

The Quantum theory of radiation postulates a
discontinuity in the absorption and emission of radia-
tions by a substance, and suggests, in fact, that the
absorption or emission of a mono-chromatic radiation
of frequency » can take place only in discrete bundles
or Quanta as they are called, of energy of amount /v
where /4 is Plank’s universal constant. In a series
of papers in the Philosophical Magazine for 1913,
Dr. Bohr has applied this theory to develop a concep-
tion of atomic structure, and has shown how the laws
of spectral series can be accounted for in the case of
Hydrogen, Helium, and also in a general way for
other elements. He assumes an atomic mode] sug-
gested by Sir E. Rutherford, 7z, a system with a
nucleus of extremely small linear dimensions, and of
posititive charge Ne (where N is the atomic number
of the element and ¢ the electronic charge) and
N electrons revolving in concentric rings round the
nucleus. Radiation is due to the reformation of a
system, which has lost one or more electrons, This
binding of the electrons, Bohr assumes, cannot take
place in a continuous manner, but in 4 series of sudden

—

e,
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discontinuous jumps. If the orbits are for simplicity
considered to be circular, his main assumption may be
regarded as an atomicity of angular momentum, that
is to say, the angular momentum of the electron must

: / . )
always be an exact multiple of ér where 4 is Plank’s

constant. The orbits which satisfy this condition are
assumed to be non-radiating orbits, and the electron is
supposed to emit a homogeneous radiation in passing
from one such orbit to another, or from one Stationary
State” to another as they are called. If W,, W, be the
energy of the electrons in two such orbits, it can be
shown that the amount of energy emitted=W,— W, ; and
this Bohr equates to 4y where v is the frequency of the
radiation. In a simple case like Hydrogen where
there is only one electron, W,, W; can be easily calcu-
lated on the principles of ordinary mechanics; Bohr
has thus got the formula

i
V=K{;l?—-%—22}

: 2arme i
where n, n, are integers and K = 5 Lhis is of

course the Balmer series for Hydrogen, and it
may be pointed out that the calculated value of K
agrees very- closely with the observed value of the
Rydberg constant, an agreement on which, in fact,
depends much of the success of Bohr's theory. Bohr
) has not considered, in any great detail, the case of
other elements, where the atom has a number of
electrons, the case being complicated by the fact that
the other electrons will have an effect, besides the
nucleus, on the radiating electron. But he has suggest-
ed that in-the permanent configuration of the atom, or
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the configuration of maximum energy, the electrons
will all be arranged in a few concentric rings round the
nucleus. This is the broad outline of Bohr's theory
of spectral series. It may also be pointed out, that
Sommerfeld has in a recent paper in the Annalen Der
Physik for 1916 has carried the theory further and has
shown, how by a consideration of the ellipticity of
some of the orbits of the radiating electron, we can
explain the doublet and triplet structure of the lines in
the spectral series of the elements.

It appeared to me a very important and fascinating
problem, to try and apply the foregoing ideas, to the
phenomena of Resonance Radiation discovered by
Prof. R. W. Wood. The ideas developed by Bohr apply
naturally to stimulation of the substance by electric
discharge through its vapour; and as Prof. Wood
remarked soon after his discovery of the phenomena,
we have in Resonance Radiation, an entirely new
method of stimulating a substance to emit radiation,
and it would be highly interesting to consider whether
Bohr's ideas would apply ez dloc to this case as well.

Some peculiar qualitative features of the phenomena, .

such for example, as the transformation of the Reson-
ance spectrum into a band spectrum under certain
conditions, seem to promise very much in throwing
light on the problem of atomic structure.

§ 2. On the Law of Spacing of the Resonance Lines.
In a recent paper* in the Philosophical Magazine an
attempt has been made by Dr. Silberstein, to explain
the phenomena of Resonance Radiation, on the prin-

* Dr. Silberstin on Fluorescent vapours and their magneto-optic
properties Phil, Mag., Sept. 1916,
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ciples of classical mechanics. Dr. Silberstein considers,
that the electron which emits the radiation, is a
non-Hookean resonator ze., a system in which the
restitutive force is not simply proportional to the
displacement, the case being analogous to that of
combinational tones in sound. Dr. Silberstein follows
the analogy, and introduces a small term, depending
not upon the square as in the case of sound, but upon
the # ' power of the displacement, where 4 is nearly
but not exactly equal to one, and thus writes his equa-
tion of motion as
y+nsy+°(3’p=aint

The consequence of this assumption he finds to be,
that the Resonance series should be characterized by
constant frequency intervals, He gives in his paper
a table, prepared from Wood’s data, and thinks that
his conclusions from the theory are supported by
facts. But a critical examination of his own figures
shows that the frequency intervals have a most decided
tendency to decrease on the long wave-length side.
There are indeed some irregularities, but it is probably
due to the fact that he works out successive differences.
Adopting a method of calculation, in .wh.ich the effect
of experimental errors is better minimised, I ha\'ve
prepared a table from Wood'’s data* for tPe frequenc.xes
of the components of the Resonance series of lodx‘ne
vapour, and [ have found that it is not the frequencies
themselves, but their square roots, that have constant

intervals in this series.

* Wood. Phil. Mag., 24, p. 684.
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TABLE.
1 2 3 4
Serial No. Frequency. Yo~ ¥n wi— Vn
7. Vn 7 n
1010 % 1010 % 103 %
O 54937°5
I 54279'0 6585 141°0
] 536469 645°3 138'5
3 53013’ 641'5 137°0
4 52386°0 637'8 1377
5 517590 635'7 137°6
6 511440 632'3 137'3
7 505230 6307 137°4
8 49911°'0 6282 13763
9
10 48696°0 6241 1372
11 48006°0 6219 137°'1
a 474930 6204 137°2
13 46902°0 6181 137°2
14
15 457260 614'1 137°1
16 45147 611°'9 1370
17 44562°0 610°3 137°1
18 4398370 6086 T34
19 43419'0 606-2° 1369
20 42855°0 604;r 136°9

Q

{
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I have shown in columns 3 and 4 the intervals of the
frequencies and the intervals of their square roots
respectively ; the former are by no means constant,
decreasing systematically by about 97/ down the column,
while the latter are, expcept for the first few lines,
remarkably constant. The attempt to explain the
phenomena, on the principles of classical mechanics is
apparently, therefore, not quite successful even as
regards the spacing of the Resonance lines, not to
mention other aspects of the question not considered
by Silberstein. 1 propose in the present paper to
suggest an explanation of the phenomena on the
Quantum theory.

§ 3. On the Theory of the Stationary States.

It may be pointed out at the very outset, that we can-
not account for the law of spacing of the components
in the Resonance series, on Bohr's simple theory of
spectral series. For the law that is characteristic of
his theory, is of the Balmer type, the variable factor

: 1 1 :
being (5—,—;» and the frequency interval between
1 2
two successive components in the series will be propor-

: 1 1 2 . ;
tional to { re"(mr)z} = approximately. This quan-

tity varies with #,, and the series will not represent
anything like the resonance series, unless #, were as
large as 400 or 500, in which case the orbit of
the radiating electron must be of dimensions enormous-
ly large compared with molecular dimensions, being of
the order 10® cm. It is apparent, therefore, that we
must take into account the effect of the other electrons
in the system on the radiating electron and consider
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in greater detail the theory of the possible frequencies
of radiations from an atomic system having a large
number of electrons.

Bohr regards Light radiations to be due to electrons
falling into a system which has lost one or more
electrons from the outer ring. And as in the course
of the reformation of the system it is extremely un-
likely that two of the falling electrons are at any
instant at the same distance from the nucleus, our
problem becomes practically equivalent to determining
the “stationary states” and the frequencies of the
radiations of an electron in a system consisting of a
few electrons revolving one in each ring round the rest
of the molecular system. Let us also assume that any
one of the electrons, not necessarily the outermost one,
has a series of “stationary states” throughout the
system, by passage from one to another of which, it
can absorb or emit radiation of appropriate frequency.

On these general assumptions, we can derive a
formula for the frequencies of the possible radiations
from the system. Leaving out the radiating electron
itself from reckoning, let” us suppose that it lies at
any instant between the orbits of the (r,—1)% and the
o electrons {counted from the outer surface of the
system). Then since an electron revolving in a circle,
produces very little effect at a point inside its orbit,
while for a point outside, the effect is nearly the same,
as if it were placed at the centre of its orbit, the radial
force on the electron, may be supposed to be due to
an equivalent nucleus of charge S¢ where

S=rot () ... 0 Lm
¢() being the correction factor, which is a function

i\
(}‘,_EJ
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of 7 the radius of the orbit. The function will be
definite, if the configuration of the other electrons is
given. The force on the electron may hence be

written F:%qﬂ S O4)
Let v be the velocity of the electron in its orbit. Then
e i ey

9
(5

7

and since the angular momentum of the electron is a
a /s ) s :
multiple of ——, mor=""- where = isan integer. From
27 27
these equations, we get,
979 b
'T"/t” 1 ]\17'“
L= o e et (52N )
11'7r;7_/L e S ay) (4)

If W be the energy of the electron in any of its
‘“ stationary states”

o

9.24
G ~TEEH
W=1mp*= G e (5]

z;’

*)

so that the possible frequencies of the radiations from
the system are given by

2aietm [ S Sf} 6)
)

= U 72
Even without knowing the exact nature of the
function ¢() in equation (1), it is obvious that the
quaantity S will increase as # increases, for the repul-
sion of the inner electrons becomes less, and that of
the outer increases. Hence it is evident that, since
STz STe+l S {L_#

E R A R
closer groups of lines are possible on this. theory than
on a simple series of the Balmer type. We may now
consider what is likely to happen when light of a
definite frequency » excites the system; it will be

2
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absorbed or, in general, will affect the system, if any
one of the electrons in the system requires an amount
of energy 4y to pass from any one of its stationary
states to any other. Suppose for definiteness, that
for the mercury green radiation this condition is
satisfied by an electron in a stationary state between the
orbits A and B of its neighbours (fig. 1), if it passes to

Fiol ¥,
a stationary state between C and D orbits, of two other
consecutive electrons. Then as soon as the light falls
on the system, it will jump from the former to the
latter state, absorbing the incident radiation. It then
jumps back, emitting radiation.  If it jumps exactly to
its original orbit, the frequency of the emitted radiation
will be the same as that of the incident one ; but when
it jumped, the configuration must have changed, so

\5\;)
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that it is not likely that it jumps exactly to its original
path. Let us assume that it jumps to one of the series
of stationary orbits; then it is clear, that in the result-
ing radiation, there will be as many different com-
ponents as the number of orbits. The frequency
intervals of these components will obviously depend

= A ; Sh N
upon the difference in the functlon;_;,, between the con-

secutive orbits. To determine the spacing of the lines

in the emitted radiation, therefore, we must know more

definitely the nature of the function S . We shall now
o

work out, as an illustrative case, the nature of that func-
P

n

Figi o,
tion, on the assumption that the force exerted by a
revolving electron is correctly represented by its time-
mean value. Thus, if # be the mean force due to an
electron revolving in a circle of radius «, at a distance
d from its centre,
Y

1 e (d—a cos wt)
/=7 /., @t =%ad cos olE

™
-~
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unless the electrons in the periphery of the atom are
revolving in orbits extremely close to one another,

¢ will hence be smaller than Z. The first term under_

0

the square-root will be larger than the second and.
we may write

: 4B 8 Qer, 2077 4
ST 2ery 2T’ _L_)
S +20" 202( ,1_4 1_8'+ 12

Rery®

cile o

S 12 273 : -

=t = ().

Now the frequency mtervals between two successxve‘
components of the series of radiations must be pro-
~ portional, on the present theory, to the difference in
the value of this function ¥ in any two consecutive
“ stationary states.” We can approximately obtain the
latter by differentiating y with respect to . Thus

dy 278 12er3 i

gzt e . - i
Let us reckon from ahne in the series whlch corres-

ponds to the path 7 and write for the successive lines

r=7+xz Thenif w_,, w be the frequencies of two
successive lines in the series of radiations.

X & =2& R¢er n (67,2 84er
z K\ 115 Un ,.,.13_ 7 S\ e g .__1'17

NG5

: ——( ) g
‘ and can be wrl\tten in the form i

'vn_‘—vn—c(+,8n+yn’+ -

If the coefficient 4, 8,y etc. are all cxact]y zero, the ,
resonance series will be characterized by constant
frequency mtervals. It does not seem possible, wrthout;
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making further assumptions to determine their magni-
tude absolutely. But though it is unlikely that §, 3, y,
all vanish, it can be seen that the successive coefficients

will decrease rapidly. -In the case of Iodine vapour, it

1 1
2

. . . . )
was pointed out in the previous section that v, ,—u,
seemed to be constant. This relation is equivalant to
Vnq — Vo =20 — 228,

1 1
2

where 6=y§_1-—yn. Thus »,_,—, is of the form («+ ).
It is also possible to show that the quantities %, 8
given by equation (7) -are of the right order. Thus

in the case of lodine vapour % is about 2 x 10 and
'% about 10°. Hence we shall have
2 3
e 1R _gx 108,
il T
2 3
Lfon aen, }:10-5
WS i il

Putting —,=2, we get = to be about 13, and the dia-
meter of the orbit of the electron will be of the order of

10 cm., which does not seem improbable, when ac-

count is taken of the fact that the vapour must be at
a very low pressure to emit Resonance radiation.

It may\be pointed out here, however, that since

the equation y,_,—»,=«+ @Bz is more general than the
1 1 -

equation Z_l—y:i—:}c?, it seems only accidental, on the
_present hypothesis, that the latter formula holds very
approximately in the case of Iodine vapour. In the
case of Sodium vapour it has been found by the

writer, that while there is no approach to constant
: Ao,

frequency intervals, even the ex oy, .y i

req ! ; _ pression y, ,—y, gives

i

S

W
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a sys}g:matic deviation on one side, so that this form
has perhaps no special significance.

One point still remains to be noticed. In a
Resonance series ordinarily as many as 20 lines are
observed, and we cannot certainly assume that there
are as many orbits between two consecutive electrons
of the system, to which it can jump. This difficuity
is easily got over, if we assume that it need not jump
from the same orbit every time, but from one of a
series of orbits between C and D (fig. 1). It is
obvious, then, that we can account for as many as 25
lines in the resonance series with only 5 orbits in
each series; suppose, for example, the interval of the

2

s S2 . : 2 A
function - is constant over successive orbits in each
>

series, but the interval in one series is 5 times that in
the other ; then, we shall have 25 lines in the reson-
ance spectrum at constant frequency intervals. It
seems at first sight unlikely that the resonance series
of lodine vapour is made up of smaller series patched
up like this ; for, if it is so formed, the patching up must
be very nicely adjusted, so as to make the series
indistinguishable from a single continuous series. But
certain observations of Wood¥, regarding the Reson-
ance radiation of Sodium vapour, seem to bear out
the suggestions that have been put forth here. Wood
has found that, as we go away from the resonance
line, new lines appear, which do not belong to the old
series, and new series start from where the old ones
leave off. This is exactly what should be expected, if
in the above illustration considered, the interval of

# Prof. R. W. Wood. Phil. Mag., 25, p. 538.
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B : . o
5* i one series of orbits is not an exact multiple of
=

that in the other series. As a matter of fact, generélly
only 4 or 5 lines can be made out as forming one
continuous series ; and the whole resonance spectrum
is made up of bits like these. Even in the case of
Iodine vapour, a grouping suggested by Wood* from
a consideration of the structure of these lines, seems
to give additional evidence to the suggestions offered
here. :

- § 4. Some Chavacteristics of Resonance Radiation.

‘Coming back to the mechanism of resonance radia-
tion, the main point in the hypothesis suggested here
is that soon after the external radiation has begun to
excite the system, if not even before, in the permanent
configuration of the system itself, the electrons in the
periphery of the atom are revolving one in each ring
round the nucleus, and one particular electron absorbs
and emits light by passing from one of a series of
“stationary states ” between two consecutive electrons
to another series of states between another pair of
consecutive electrons. The frequency intervals between
successive components in the emitted radiation are

proportional to the intervals of the function %: over
consecutive ¢ stationary states” in the same series,
and, as is evident from the analysis given in the previ-
ous section, they will depend upon the configuration of
the other peripheral electrons, both relative to them-
selves and relative to the nucleus. It is not to be
“expected, 2 priori, that this configuration will be the

* Wood. Phil. Mag., 26, p. 841. %

»
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same for all the molecular systems, and hence each
molecular system may, in general, be expected to give
its own Resonance series. ~We can more easily con-
ceive, therefore, of the system giving a band-spectrum
than a line-spectrum. Experimental evidence seems
generally to support this conclusion, Resonance spectra

-being exhibited by very few substances, and by these,

only ‘under particular conditions of temperature and
pressure ; and they are either destroyed altogether, or
give place to the band-spectrum under slight disturbing
causes. But the fact that it does occur under some con-
ditions, points to the conclusion that there are some
stable or quasi-stable configurations which are charac-
teristic of the substance and hence assumed by the
falling electrons in all the systems at once. All con-
figurations very near these quasi-stable configurations
lead to these latter configurations, though a configura-
tion very different from them may not do so, the case
being perhaps something like that of the configurations
that may be assumed by a system of floating magnets.

On this view, we find an easy interpretation of the
fact that the resonance spectrum of lodine vapour, is
transformed. into a band-spectum, on rarefying the
vapour ; that is to say, that the same lodine vapour,
when it is at a lower preasure, gives under the same
monochromatic excitation, an almost continuous
spectrum, instead of the characteristic line spectrum.
Wood®, who discovered this phenomenon, gives,
however, a different explanation. He thinks that the
band-spectrum is always produced, but is absorbed by
the fluorescent gas itself when it is dense. He cites

* Wood. Phil. Mag.; Nov. 1913.
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physictsts to solve. The problém, so far as [ know,

has not been solved ; but Wood has tried to find out
') whether the fact that Helium has a small affinity
for electrons has anything to do with its behaviour.
The facts that have been observed, may be briefly set
forth here and an explanation then suggested. Electro-
9egétive gases, that is, gases which have strong affinity
for electrons, completely destroy the fluorescence.
Gases which have a weak affinity for electrons, like
‘Hehum transform the line-spectrum into a band-
spectrum, but this effect does not vary inversely as the
afﬁmty for electrons, for Neon, which has a much
smaller affinity for electrons than Helium, shows
scarcely so marked an effect as Helium in transforming
this spectrum. The explanation is briefly this.
Electro-negative gases pull out the outer electrons in
the Iodine molecule (which are of course those respon-
sible for the resonance spectrum), pull them either
into their own molecules or at least so far away from
the nucleus as to destroy the condition of absorption
of the incident light. Gases like Helium with less
affinity for electrons, do not pull these outer electrons :
'so far as to destroy the absorption of the incident light,
but far enough to destroy the quasi-stable configura-
tions described above. Gases with absolutely no
affinity for electrons, apparently do not produce any
effect on the Todine molecules or on the radlatxon from
’0)"them. s

o may now explain why the resonance lines are not

'abso,rbed,, while the band-spectrum is absorbed * when

passed through a tube containing cool Iodine vapour.

~ * See Wood. Phil. Mag., Nov. 1913, p. 838.
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The radiation of the resonance lines depends upon a
particular quasi-stable configuration assumed by the
system, under the action of the exciting light, and
naturally, on our theory, can be absorbed by the system
only when in that configuration. On the other hand,
the band-spectrum is due to molecules in varying
- configurations, more or less distributed at random, and
the vapour in its ordinary state will also generally
contain such systems with no unique configuration for
all the molecular systems. It is only to be expected,
therefore, that the band-spectrum should be absorbed.
This explanation is indeed analogous to that given by
Bohr* for the fact that Hydrogen does not exhibit
absorption lines corresponding to all its radiation
frequencies.

We may now pass on to consider the structure of
these resonance lines, and also the companion lines
that are found in large number distributed through-
out the spectrum. As it has been pointed out, it
seems very unlikely that under any conditions the
configurations of all the molecular systems are the
same, though in the case of certain quasi-stable con-
figurations at least most of the molecules must have
the ‘same configurations if the substance can emit a
line spectrum. But even in the latter case, one would
naturally expect some systems to remain ““out of tune,”
‘and it is suggested here that the companion lines
‘observed are due to these systems which are “not in

. tune” with the rest. - A great point in favour of this
~ suggestion is that most of these lines are faint in
- comparison with the other lines, which is.just what

* Bohr, Phil. Mag,, July 1913,

»
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we should expect, since only a few systems are sup-
posed to be emitting them. Further, even in the
othersystems, if the adjustment is not perfect we should
expect the resonance lines to be not quite homogene-
ous. Wood has found that the structure of these
resonance lines is in fact very complex, the number
of components in each line observable seeming to
depend only on the resolving power used. He con-
siders this to be due to the complex structure of the
exciting mercury green line, but as he himself says,
the structure of the resonance lines is much more
complex, so that each exciting line gives rise to more ;
than one line in the resonance lines or line-groups,
as we may call them. Indeed, some of his observa-
tions on the complicated effects of changing the
structure of the lines, lead us to doubt whether the
phenomena of resonance radiation can ever be satis-
factorily explained on the principles of classical
mechanics.

Reference may now be made also to the point, in
what way, if at all, resonance radiation is simpler
Since we use
a mono-chromatic exciter, Wood thought that in
resonance excitation, we were, as we may call it,

than radiation excited by other means.

striking a single key in the key-board of the atom ;
and the comparatively simple structure of the reson-
ance spectrum seemed to give weight to this con-
jecture. But we now know that the emitted radiation
is so simple, only under certain conditions ; while,
under other conditions, the same mono-chromatic
exciter gives rise to a band-spectrum. On the views
set forth in this paper, the simplicity of the resonance
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spectrum is due not to the nature of the exciter but
to the nature of the system, to the fact that it has
some quasi-stable configuration of the nature described
already. In fact, the assumption of such configura-
tions is necessary, even in the case of electrical ex-
citation ; Hick’s® four “Sequences,” for example,
require four such definite configurations.

§ 5. Rontgen Spectra.

We may now pass on to consider another set of

- phenomena, which we may term also resonance radia-

tion ; when X-rays fall upon a substance, they eéxcite
it to something like resonance, when their frequencies
are near certain values characteristic of the substance.
The resulting radiation from the substance is termed,
as we know, the Characteristic radiations, and consists
of at least three series of lines, the K,L and M series
as they are called. In an epoch-making discovery,
Moseley has shown that the characteristic radiations
from different elements were related in a simple
manner to their relative positions in the periodic table
of elements, and ‘more definitely that the frequencies
of the K-Characteristic radiations of the elements are
represented by the equation :

y=K(N—1)2(1T2-;_§)
where N is the atomic number and K is the Rydberg
constant for Spectral series. He wrote it in this form
to bring out the analogy with the Balmer formula, and
tried to interpret the formula on Bohr's theory by

supposing that the radiations were due to the vibra-

T

* Hicks, Proc, Roy. Soc., 83, p. 226.
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tions of a ring of four electrons, immediately surround-
ing the nucleus. But it has been pointed out by
Nicholson * and Bohr t, that this is not the correct
interpretation, since we will have to assume that
several quanta are emitted at the same time. Ishiwara}
has pointed out that the lines in the Rontgen spectra
can be accounted for, if Bohr's spectral formula be
altered to
((N=c)? (N—c)?
Lin+m)? (atm? S’
Remembering that the region of excitation in the
molecular system is now the innermost ring of elec-

r=K

Fig. 3.

* Nicholson, Discussion on the Structure of the Atom, March 19,
1914. Proc. Roy. Soc., vol. go.

+ thr, On the structure of the Atom and the Quantum Theory
of Radiation, Phil. Mag., Sept. 1915.

f Jun Ishiwara, Proc. of the Tokyo Math. Phys. Soc., Ser. 2
vol. 9, .p. 160. (July 1917).
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trons instead of the outermost, this form can be
derived from the general formula obtained in this
paper for the frequencies of the radiations from an
atomic system, by giving a suitable value to the func-
tion ¢(7). A detailed conception of the mechanism of
emission of these radiations is also possible. The
electron which emits the radiations (very probably the
first from the nucleus) is supposed to be in one of its
stationary states 4 (fig. 3) inside the orbit of the second
electron. Under proper excitation, it is supposed to

jump out to an orbit ¢ just outside the second electron’

absorbing energy, and then back again to an orbit near
its previous one emitting radiation. The L radiation,

I suggest, is emitted when it jumps from orbit ¢ to orbit
b ; the K:(, from orbit 4 to orbit @, and the KB’ from

orbit ¢ to orbit @ Then it evidently follows
1/1=V.n‘+ Vg
if »,, vs 15, be the frequencies of the K,3 K and L

) 5

radiations of an element, respectively. This is, of
course, Kossel's relation. It is also seen, if we
assume’ that the electron is in orbit 4 to begin with,
why L* can be emitted without the K-radiations at
the same time being emitted, while Kq cannot be

emitted without K, ; and also why the K-radiations

are necessarily accompanied by L-radiations. The

other lines in the Rontgen spectrum can similarly be
accounted for by considering some more orbits of
the radiating electron.

The secondary '&orpuscular radiation, which is found
to invariably accompany the emission of Characteristic
radiations, may be supposed to be due to the collision

N/

)

&

S
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of the radiating electron with the second electron in
one of its passages across its orbit, and the consequent
dislodgment of the latter. One remarkable result will
follow from this supposition, that the velocities of the
corpuscular-rays should be the same for both the K and
L Characteristic radiations. This has really been
found to be the case by Barkla and Shearer®, who
have noted it as a remarkable fact in view of the
general supposition, that the radiations have  their
origin in two different rings of electrons.

§ 6. The general law of Spectval Series.

Before concluding the paper, I will show you how
from the atomic structure suggested in this paper a
general formula for spectral series can be obtained
taking into account all possible regions of excitation.
As it has been shown, the frequencies of radiation
from an atomic system are given by

2 S.2
V=K{ 81n_b20}
T1~ T-):‘
Now S=+,+¢(r) where r is the radius of the orbit of
the radiating electron, and

kr?
et

S
so that

S
on solving which, we may express S as an explicit

S=r,+ (/><]£ﬁ>;

function of T of the form
S?=lr,(7)
the suffix being introduced to take account of the fact

o)

* Barkla and Shearer, * On the Velocity anf electrons expelled
by X-rays,” Phil. Mag., Dec. 1915.
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that the function will change in passing from between
one pair of consecutive electrons to another. Thus

Lk \Pr (Tl) 5 \[’s (7'2) } :
Yo = 12 .,.22

This is of the same form as Ritz and Rydberg’s
general formula, though, as has been indicated, it also
represents lines in high frequency spectra.

One point seems worthy of notice. An examination
of any general law of spectral series shows us that the
functions v, and v, are in actual cases found to be
different ; in Hicks law of spectral series, for instance,
the lines in the spectra are never got from the same
‘““sequence,” but from two different sequences, the
integral parameter in one of which is given a constant
value while that in the other is allowed to vary.
This would indicate that the radiations are due to an
electron jumping into an orbit between two consecutive
electrons in the system from one of a series of orbits
outside the two electrons ; and it may be remembered
that we made the same assumptions in explaining
Resonance radiation. It is indeed difficult to explain
the fact stated here, if we consider light radiation to
be due to the outermost electron, or rather to an elec.
tron which remains always the outermost in the system.

In conclusion, it may be pointed out that only the
broad outlines of the subject have been touched upon
in this paper, so as just to show what light the
hypothesis suggested here throws upon the observed
phenomena of radiation. The further development,

especially with reference to quantitative relationships,

is a matter for subsequent investigation.
December 15, 1917,
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