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EXPERIMENTS IN SCATTERED LIGHT. ANGLES OF FIRST
MINIMUM

By R V. TAMIHANKAR
AND
G. R. PARANJPE

tReceived for publication, Sepl. 17,1943 )

ABSTRACT. Starting with Mic’s formula, the distribution of intensity of dight scattered
i the region of the transmitled dircetion Jas been stwdicd theorctically for four dyop-sizes
of water vap wr, it a=1g, 20, 25 and 30, where @ ropresents the tatio of the cirenmferenee
of the drop fo the wavelength of the light nsed. The range virified i the present investis
gations was 1z0%180°.  The calealations revealthot & shanp mininum o intensity exists in
the range considered and that it has to be ascertained verv eavefully. This minimum, which
is bere termed as * the angle of the first minimum on Mie's theay ' mav he cortelated with
the first order corona ring for the diopsizes considered

The theoretical results have heen verified experinentally for the first time, The seatfered
intensity has heen measured by the use of a photocleetric eIt coupled with a snitable ampli-
fication arrangement.  The results have heen compared with Mie's theory and also with the

first order covona rings A fair agrecuient is found to existin the cases consilered

Of all the methods so far used for measuring the instantancous size of fog
droplets, the corona ring method is very convenient. By applying Babinct’s
principle the formula

sin A= (n+0.22)
au
is obtained, giving the relationship hetween the average radius of the drops in
the cloud, the wavelength of light und the angle subtended hy the nth dark ring.
The theory has been studied by C. T. R. Wilson (18¢7), Aitken (1600-91)
and (1892-03), Bricard (1038), Rayleigh (r¢11) and scveral others, who found
that it gives satisfactory results. While Mecke (1920) asserts that the theory
fails to give reliable results for drops smaller than 4p. Mitra (1928) confirms
Mecke’s view and reveais the oscillatory nature of difiraction pattern by means
of photographs in monochromatic light. Recently T. AL S Balkrishnan (3g9q1)
has put forth, following Mecke's and Mitra's views, a correction to the theoty
of coronas on the asswmption that the droplets in the cloud are transparent,
Paranjpe and Lajami (193q), have theorctically compared the angles of the first
order corona rings for various drop-sizes with the avgles of first minimun in
the transmilted direction on Mie's (1908) theory.
Theoretical calculations for scattering by the application of Mic's theory
at very close intervals for any drop-size in the transiitted direction, near about
7—1455P—V
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140", have revealed the presence of a sharp minimum of intensity in the scattered
light,  Thus minimum differs for difierent values of « wherc
_ Citcumference of the drop
Wavelength of light

This minimum of intensity is here termed “the angle of the first minimum on
Mic's theory,’

Detadled derivation of Mic's formnla is treated in a paper by Paranjpe and
Tagami (1a1a). Tt is only necessary to mdicate here the final results,
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where Jp and J, are intensity components of scattered light polarised in hori-
zontal and vertieal planes, A the wavelength of incideut light, and » the distance
of point of observation from the centre of the scaltering particle.  The factor

D
—3 ,, being constant the values of [ and J, depend on | Mod | ® which may be
B ke A *

termed as Iy and [y A, and T, are complex functions depending on (i) the

vadius of the particle (i) the wavelength of light used for scattering and .
(Gii) v . R. I of the material of the particle
r)oomt= e e, .

R. I. of the surrounding medium
An and Py oare caleulated by evaluating series of coefficients in terms of cylin-

. . . el -
drical tumetions depending on «and £ where o= ™" and f=m'x. =, and =} are

7/
functions of the scattering angle € derived from v=cos 6.
In Tables T and IT below are given results of calenlations of angles of first
minimum on Mic's theory tor scattering in the transmitted direction (—1°) for
two drop-sizes &= 15 and &= 10,8,
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These values are plotted in Ifig. 1. We see from the lipnre that the angles
of the first minimu for the cases considered are :
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TG, 1 Ray (1921) caleulated in-
tensities for o=12, B=106 on
Rayleigh's theory and found ont the angle for the first minimum near about
7—27"30.  While Paranjpe and Lajami (1030) caleulatimg intensitics at smaller
intervals for the same case according to Mie’s theory found out the angle of the
first minimum near about # = 14® and the angle of the sccond minimum near about

3

a—=27°30/  Considering the ahove results it appears that Ray's value, namely
=24 ', should he in reality the value of sccond minimum on Rayleigh's theory,
particularly since Mic's theory and Raylcigh's theory do not differ so widely from
cach other (vide Note by M. M. Paranjpe, 1042). 1f Ray had caleulated
intensitics for angles hetween 7 —0° and #— 27" 30" he would have probably found
a minimum between 7=0" and 7—25°30" and that too at about 7= 14" since the
angles of second minimum by the two theories appear to be the sanie.

The following mcthod may he employed to find out theorctically the angles
of the first minimum. In Table 111, T, and I are given scparately. 1y and I,
each consists of a real component and an imaginary coinponcent, whicl when
squared and added together give Iy and Tg.
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Tanry, 111
K= 15, /)": 20

: l
Angh “ h ] Iy

. VL - L

m- : ‘
, Real [maginary \ Real Imaginary
I

! |
oo + 3.0 ‘ —151.7 — 3.4 " H151.7
70y +1ig l - 0.7 — 45 i + ga.h
IR + v} ' - 400 ' —_ 10 | t g8 2
12° 40 | 4140 . oA ' - 1.7 + 57.2
157 a1 + o Q-0 « 3.6 g + 10.8
177 a0 - ! 31 ‘ + 0.8 : + 6.7
an” o = 1h.5 X | 1.1 . +11.7 1] + 52
R A —ag ol X + 14 i 15,8 i I+ 5.5
5% oy Y | 4 1 16t | 4 3.6
vt =3 ‘ I 15.8 \ 113.5 1| — 239

A careful examination of the above table reveals the following :
Ior Iy

(1) 'Thevead terms we smaller than the haginary ones upto #—17°30',
The squares of the real tenus would be therefore smalla than those of the imagi-
nary ones, and thus it can be seen that the values of Iy in the interval #—o'
and 7 — 177 30" depend mainly on the values of the imaginary teris.

(2) The imaginary terms of I decrease gradually in magnitude from
=5t al m—o to =300 at a—17 50, At a—z20" the (imaginary) value is
Pror, LU as eleat from this that the imaginay values pass through zero and
then chanze the sign at some point in the interval # =177 30" and 7 — 207,

(3) Tirom =—17"30" the real quantities for I are greater than the imaginary
ones,  This state continues thereafter, indicating that I has passed through a
change in the valuaes,

For 1e

(1) The real terms iu o are also small as compared to the imaginay ones
till about 71551, "The total value of To can he supposed to Le  due, mainly
to the value of the imaginmy guantities in the infenval @ —o0® tor—15"51'.

() The imaginay terms i Iy decrcase continuously fiom 1 151.7 al
=0 to +.0atm—25"23 They pass through zero and change iu sign from
1 3.0 to = 23.9 somewhere i the interval between 7 - 25°23" and 2 —27°3’,

(3) But it isseen that the preponderence of imaginary values over the real
ones ceases at 7= 15 “30/, where both the values are almost cqual, viz., 6.8 and
4 6.7. Irom this point onwards the 1cal terms are mainly responsible for the
values of Ts.

I'hiese inferences show clearly that the values of 1, and 1g decrease gradually
in the interval m—o0" to 7= 17°%30.

Somewhere near about 7—17°31’ they pass through a minimum.  Since the
total intensity is cqual to Iy -+ 1o it is clear that there is no minimum in the range
7—0°lo 7= 1730/, except the one investigated prescntly.
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Other cases can be worked out similarly.

11
ixperimental determination of the intensity of scattered light in the forwad
direction was made for various sizes of the drop using monochromatic sodium
light.  Scattered light was made jncident on a photoelectric cell whiell could
be moved freely toany desired angle. A\ new photoclectric amplification cireuit
was specially designed and constructed for mcasming very feehle infensities in
the scattered light. The amplified current was taker propottional o the intensity
of scattered light.  Readings of scattering were taken at intervals of about 2730/
round the cloud chamber by receiving the seattered light on the pliotoceil placed
at the desired angles for the clouds of required particle size,
Great difficulty was experienced 1w finding the position of the minimum
of intensity in the transmitted direction.  The  scattered light in this 1egion s
superposed on the diffiraction rings and also mixed with direet ight and the
light difused and reflected by the glass of the chamber.  The incident hean was
therefore cut down to a very narrow pencil whicl reduced the chance of petting
pronounced corona rings and also kept out the direet and the difiused light from
falling on the photocell.
Results of scattering in the forward direction are given in Table 1V and
their curves drawn in Fig, 2. A refer,  »

ence to the figure shows that the angles

of first minimum are not so well delined 4}

as in the cases of other minima. In
fact the minimun 1s only to be suspeeted

. . , . s}
in some of these cases.  The [ollowing

procedure is adopted : When intensitly

A
values for consceutive scattering angles  *T
are very near to cach other, that is, the \
ratio between these consecutive readimmgs »n {
/M/

is much less than those of the preceding

(=]

and succeeding pairs, a minimum is ¢ |

suspected  somewliere near about  that A

INTENS'TY

angle. The reasoun for lack of sharpmess ‘
in the nature of thesc minima 1s that
there is a vast amount of scattered light

Bumlp—mt1 0C 15, 00
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in this region, since forward scatlering o (e R0 p

Wty O - 30, f§ 2 40

is much more promiuent than in other
regions. There is besides scattered light,

) 1 l - J
. . . “o 150 1€0 o
a large amount of extra light in this AN6L OF SCATTERING ®-
region due to reflections and 1efractions Fia. 2

of the incident beam of light by the glass of the cloud chambes.
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In Fig. o the curves are drawn both for theoretical and experimental values
of the diops &+ 15, 20, 25 and 30.

The curves are seen to show a fair agreement between theory and experiment,

Below is given a table showing a comparison between the theoretical and
experimental data,

Thpre IV

((l) (b)
v, 39 0, K= 20, /3=2(7.7-
Averaged ovar aset of ¢ independent Averaged over a set of 4 independent
ohservations, ohservations.
i ‘ i
Scalieng Theoretical Ohserved Seallering - Theoretical Observed
anyrle P wtering seattering. angle. seattering. | scattering
| |
. ' | . <
150 ! Tl . 25,0 160m 13701 15.7
T ) X | o - H
Y ; Jogh2 : 27 0 162° 30 | ; 18.5
IEY RV ‘ LI ! 276 1635 : ‘ 20.1
1577 18 , M7 ) 40 4 167° 30° : ‘ 22.6
160" qob.g I 304 170" 2422 0 ' 22.1
102" 4 ‘ 123 0 38 2 171% 53 . 1481.0
1"y | 227.3 qo A 17.2° 30 33z27.0 . gz
165" 30’ Aihpo 85.0 175° i
170° : AT | . 177° 30’ ' i
R i 1thagn.6 ¢ Readings 180 : 1742, ' 134 3
| s hevond scale [ :
150 I ,1(3(1_-,},.0 : aes ' ' ¢
(0) (d)
x5, B=33.34. x= 30, B=40.
Averaged over aset of | independent Avceraged over a set of ) independent
observations, ohservations.
N , . S, . 1
Scattering | Theoretical Observed Scattering [heoretical ! (Observed
angle. i oseattermy. seattoring, angle . svaltering f seattering.
. - : |
10" Theoretical 1) 3 160 0.3
162° 30 vahies not 25 5 162° 30 _ 29 2
168" o available. 34.0 168 ° 36.4
167" 30 . 427 "’7: it 39.5
170° i 42.5 170 o121 2 i 19.6
TS ‘ j 42 4 17 :55' : 22528.0 3 -
172" 30 ; i Lo 17245 12297.0 44.5
175" ! : e 175 . 55.3
177" 30 ! ' Readings 177° 30 : ; Readings
; ; bevond scale. : ! beyond scale.
|
‘ i , . |
180" | { 180" ' 3y1438.0 i
| i |
, .

(1) Angles of first minimum obtained on Circular Dise theory m—v,, (2)
angles of first minimum calculated on Mic's theory =—v. and (3) angles of
first minimum obtained experimentally 7—v,
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TarLy V

[
]
(W

Drop-size "1 = | .
a=30  B=40 7° 20 RO "
a=25 B 333 8" ay G
a=20 B=a6.07 1’ o 0o [N
a-"16.8 B=22.4 13% 10 IV T ..
a=15 B~ 20 gt N 0t 17° 3
a=1]12 B- 10 187 g0 ) 14" ¢ .
=10  B-133 22 3 0,

u-—0 B=12 2502 he

{Results marked with asterisk are taken from caleulations by Paranjpe and Lajawi )

I'he above values are plotted against o in Fig. 3.
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The curve m—vy (Circular Disc theory) isa regulur curve showing a sine
relationship between a and the angle of the first minimumn.

This curve = =—v, shows that the value of the first minimum 7 —v increases
as the drop-size decreases.  This result s perfeetly in accordance with the
Circular Disc Theory.

The carve m—rv, (Mie's theory) exhibits the presence of a well defined
defined  minimum at a=1:. These

maximum at and a

u=15 reversing
points cannot be accounted for but it appears probal;le that the curve
7 —vm may exhibit more maxima if a sufficient number of points arc plotted.
It is seen from the figure that at a=106.1 and at
awmyy, the two curves draw closer to each other at a=30 and may cross at
thus appears that
is of an oscillatory nature interlinking itself with the curve

n=Vm Crosses #—Vv,

a=33, if both of them were produced beyond 0. Tt
the curve m— vy

7—v, by crossing it a pumber of times. No definite conclusion can e drawn
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from this Dhehaviour because of the meagre data available. If an oscillatory
nature is to bz assuwmed for 7—v, and its interlinking with =—v., this might
lend support to the natwie of the correction to be applied to the theory of the
coronas as derived by Balkiishnan (ioc, cil.), who concludes that the correction
to the Cireular Disc theory is of a periodically oscillatory nature.

The curye m=—v, (lixperimental) drawn with the points available appears
to he of the some nature as ==v,. 1t is seen that both these curves are almost
parallel except at o= 30 where the experimental value is much higher than that
expeeted theoretically.  In other respects the curve appears to be  identical
with 7—v, except that itis laterally shifted to higher values of #—v. It was not
possible to extend the experimental verification helow o=15 because of the
experimental limitations.  If it were possible a complete relation hetween 7=y,
r—v, and = —v,. could have been established.

Tudging from the results availuble, it can he concluded that the theoretical
and the experimental curves for angles of first mdnunum are almost identical
in nature and it may be said that they agiee considerably within the limits of
the experimental errors. “I'he experimental values appear to be slightly higher
than the theoretical ones.  But, in general, deviation from the theory is such,
as would be accounted for by considering the difficuity in spotting out the
winimummn experimentally.

It is thus possible te cmploy Mie's theoty as a method of determining the
particle size of lavge watar droplets. The method is found to be capaBle of
giving reliable 1esulls in the range 1pto gp,

I'hie above discussion leads to another impottant conclusion, namely, that the
Circular Dise theory is certaindy not as defective as is thought by Mccke (loc. cit))
who concludes that the theory fails to give correct results below qu.  1n the
present investipations diop-sizes considered were between 14 1o 4p and the
results are found to agree with those on Mie's theory, and the method can be
used as a fair estimate of the size of droplets considered.

Prvsics I)I'.l'/\l\"l'l\‘llv,r\l‘l‘.
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