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ABSORPTION OF U. H. F. WAVES IN SALT SOLUTIONS
By 8. K. CHATTERJEE axp B. V. SREEKANTAN

( Reccived for publicalion, Maich 12, 1918 ).

ABSTRACT Percentages of absorption of ubi{ waves (300-500 Mc <) in  aqueous
solution of sodium chlotide for diffcrent concentrations have been measured by optical
method.  Attenuation coefhicients and hence absorption indiees have been caleulated for
different frequencies.  Values of reflexion cocflicients at different frequencies have also been
caleulated.  Values of ionic relaxation timc as obtained cxperimentally for different con-
centrations of the solution have Leen compared with the values calculated from Dehye-
Falkenhagen theory. Values of dielectric constant and loss tangent, as deduced from
experimental results, have heen compared with those eaienlated theoretically from Debye-
Falkenhagen theory  Vaines of dipcle condudtiviy and molar conductivity have been
calenlated from oxpanmental resuits and then variation with fiequency studied. it has
bheen found that tho position of maximum absorption shifts towards higher concentration
for higher frequencics The product of wavdlongth corresponding to maximum absorption
and the normality of the solution (apressad in gm  cquivalent per litre has been found
to be 14 A1 a constant

INTRODUCTION

The gicater part of wircless communication being conducted over sea,
an  caact determmation of the absorption cocfficient of sca-water and its
vatiation with frcquericy is nnportant.  Conductivity of diffcient samples of
sca-water has bcen measured by Hill (1907) in the audio frequency range and
by Van der Pol (1018) in the medium and long wave band. Iilectrical
properties of sca-water has been studied by Smith-Rose  (1933-34) up to
10 Mc/s and by Drysdale (1920) up to 1 Mc/s. Tlor u.h.f. waves transmitted
over sca, the absorption of encrgy by sea-water heing considerable and field
intensity measurements over sea being  difficult, it has been thought worth-
while to carry out the measurcnient in the laboratory in order that the
cffect of sea water on the propagation of u.h.f. waves, may be more definitely
ascertained. Chemical composition of sea-watcr Dbeing lialle to variation in
its salt content from o0.1810 4.15, it has Dbeen decided to study first
the absorption and other asscciated propérties of individual salt solutions that
compose average sea-water (Dorscy, 1940) and then the solution as a whole,
over a frequency range of 300-500 Mc/s. ILilectrical properties of potassium
chloride solution has been mecasurcd at lower radio frequencies by Drake,
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Picrce and Dow (1930) and of sodium chloride solution by Cooper (1046),
over a frequency range of 0.95-13 Mc/s and 690-4320 Mc/s.

Besides the interest of wave propagation, the absorption of u.h.f. waves
in salt solutions is of basic importance in the study of the problems of
molecular structure. With liquids or solutions, the tendency of an applied
e.m. field to orient molecular dipoles is resisted by molecula: inertia and by
the viscous forces of the environment, resulting in a lag between the appli-
cation of the ficld and the rotation with consequent absorption of cnergy.
The maxmnum loss takes place at an angular frequency o given by the
reciprocal of the relaxation time 7 of the molecule or polar group, where the
relaxation time is a function of molecular dimensions, viscosily and absolute
temperature. In the casc of sait solution, if an ion moves through the solu-
tion on the application of an c.m. field, the ions surrounding it will be
continually changing their distribution to maintain cquilibrium distribution.
The result is that in the neighbourhood of the ion there exists an excess of
ions of opposite sign. ‘Ihe variation of electric intensity within the ionic
atmosphere  during its formation is charactaised by a rclaxation time ©
according to the wcll known Debye-Falkenhagen theory (Falkenhagen, 1934).

8.85%x 10711 D, (1)

) =
Dy .yt

whete A, = cquinvadent condudtivity of solution

D, =diclectric constant of water==80

y¥* = concentration of solution expresscd in gm. equiv. per litre.
The object of the present paper is to study the absorption and rcflexion of
e.m. waves over a frequency range of 300-500 Mc/s,, by aqueous solution of
sodium chloride of different concentrations.

PRINCIPLE OF THE METHOD

A small actial connccted to an u. h. f. oscillator (G. R. Type No. 857A)
and placed at the principal {focus of a cylindrical parabolic reflector A serves
as a source of radiation giving out a parallel beamm. The beam after being
reflected by a plane aluminium reflector B passes thiough the liquid contained
in the glass cell L, (15cmsX7.5cm X 7.5cms.) and then strikes the detector
aciial D which is placed hotizontally underneath the glass cell.  The detector
umt C is enclosed completely by means of a thick aluminium box, excepting
for a small hole at the top through which the detcector aerial is taken out.
This screen reduces to minimum the stray reflection pick-up by the detector
unit, as it is desired that the detector should pick-up only the beam which
has passed through the cell. The detector microammeter placed just outside
the screcued box, is connected to the detector with a short twisted screened
flex. The arrangement is shown in Fig. 1.
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FiGc. 1

Initial intensity 1 “reccived by the detector in absence of the cellis
measured. ‘Then placing the cell with liquid of uniform thickness + in the
path  of the Team, ttansmitted mtensity I, is measwed.  Changing the
thickness of the liquid to a ncw value ' and kecping the cell m the same
position, the transmittcd intensity 1/, is measured.  Assuming that the
1eflected intcnsitics 1cmain the <an ¢ in Toth cases, and also assuming that the
attenuation of the giass cell itself 1amains unchangcd, in the presence of the
liguid the attenuation coefficient « can be deduced as follows

) - 3
Y . . 13 A — a
T ="Transmission factor= Power tr ‘msx_mttcd =T P
Power 1eceived I
. 1’ -/
Similarly, - il =¢
1 1
SO, X= logln Lr (2)

T oa/=0) U

The absorption index % can be found from the following relation .

a=37fnlc

(3)

involving tefractive index = and wavelength A. The reflextion coefficient
R has becn calculated from the following relation (Baz, 1939)

_(i—1)2+4 k2

= (4)
(n F1)%+k? 4

EXPERIMENTAL

Detector deflexion is a mcasure of the cnetgy incident om it, soitis
desirable that the detector plate current change should bear a linear relation
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with cnerey incident on it. Detector used is of resonant line type (Fig. 2).

Charactetistics of detector is shown in Fig. 3.
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Characleristic of the Delector

Percentages of tiansmission for diflerent normalities (N/2 to N/16) of the
solution at differeni frequencies and for different depths of lquids have been
measuted, and the results for 2 mm. depth of liquid have been reported in
Table 1.

In order to calculate the attenuation cocficient, at different frequencies,
relation (2) may be used, if the transmission takes place directly, i.e., without
suffering any reflcxion within the lignid which may be considered true, if
the liquid depth is very small compared to the wavelength used. ‘1'o be more
accurate, attenuation coefficients have been determined from the slope of the
average of the envelopes of the curves, one of which is represented in Fig. 4.
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109

Peoycentage of Transmmission

20

i 1 2 3 1 5
Depth of iquid tn cm —>
Fie 4

Values caleulated from diffcrent portions of the averagce curve will be different
So two values of attenuation cocfficients &) and &, cotresponding to two
diffcrent slopes 1—2 cms and 2—3 cms have been calculated for different
frequencics and normalities, out of which values for three diffcient norma-
hitics have been represented m Tables 11, TIT and 1V

TaBry 1

of transmisson through o depth ot mms

of hquid
I rcquency l

m Mcs

N 2 N 4 AT N S N NS N 10

S S | ! |
300 9 1 93 &y “ 553 5 6
30 533 1 9y 16 32 5y 2 [ e}
34 77 50 =5 S 553 553 7 ¢ 7y 0
3bo 87 5 ) o3 y 0 St 100
400 ‘ 714 8b o ! 1o ; 523 i 96 4 AR | 100 0

420 i 794 ‘1 93 04 i | e‘ 0y

460 | 79 4 1 620 | 700 ‘ 59 3 | 888 i
45> 1 789 514 503 i 630 o : 68 , 751
50 b1y 1 27 50 571 7o

Substituting values of n from Tables VIII to X m column 3 valucs of k&,
and k., have been calculated  With the values of n and k,, values for reflexion
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coefficients have been calculated from Eq. 4..T'he values of k, corresponding
to &, have been selected, asit has been found that they agree more closely

with the valucs

calculated

theorctically.

Variation of percentages of

absorption with different normalities for different frequencies have been

shown in Fig. 5 for 2 mms depth of liquid.

TanrLg 11

Normality=N/2

Frequenc |
1[? MC/Sy ) ag n kl kz R
360 0 084 0 101 ; 9 063 0.1238 0.1523 0 6327
400 0 099 0 062 9 059 0,238) 0 0842 0.6419
|
140 " 008 0078 9.055 01023 0 0943 0.6114
180 . 0.045 0013 ! 9 05T 0.0186 0.0169 06119
TaBLr 11
Normahty=N, g
| 1
Freonency '
in M, s o) a, n Iy k, | R
j — — — -
360 ! 0.118 | 0.8y 8 986 0175 0.266 0.6397
{ |
400 * 0.183 | o108 8.980 0213 0,114 0 6393
!
440 Iooagy 0118 8.976 0213 0178 06393
f
480 0163 0052 } 8973 0181 0087 | 0.6395
TasLy IV
Normality=N/10
r l !
‘reqquency
inl Mc/ g a ag \ n I ky Ky R
360 0.1503 0 1057 8 956 0.2224 0 1568 0.6387
400 0,0936 0045 8.954 0.0991 0.0675 0 6386
440 0.1039 0.082 8.952 0.1260 0,0997 0.6386
480 0.182 0.113 8.952 0.2032 0.1234 0.6386
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DISCUSSION

It will be obscived from Iiig.s that the normalities for which the

absorption is maximum for frequencics 300, 340 and 480 Me/s ate 0.166 N,
0.20 N, 0.25N respcctively. The product of the normality vy expressed

in gm. eq. per litre and the wavelength Ana,, corresponding to the frequency
of maximum absorption is found to be a constant equal 10 16. 64 for aqueons
solution of sodium chloride as shown in Table V.

TaBir V

. [
yin gm. e Amax
per hitre ame

0166 N 100 0
o0 N §8 2 17 04 | 16 0}

I'his  value agrees fairly with 1645, the value given by Irorman and

Crisps (1046!.
From Tabels 11, 111 and 1V it will be of
different cases do not vary much.

hserved that teflection coefficients for

Several mathematical theories have been postulated to explain the
frequency dependence of diclectiic propertics. Though different theories
present different mechanisms of absorption, they all suggest some form of
relaxation function. ‘Therefore the relaxation time coiresponding to the
fiequency of maximum absorption is of interest. l.rom Debye's (1920)

6—16741—5
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cxpression for the generaliscd dielectric constant
c=e —jel
it may be deduccd that ¢ is a maximum, when

(% o
egt2

w7 =

(6)

For solutions of normalities o. 166 N, 0. 20 N, 0. 25 N, €, may be assumed

to be equal to the diclectiic constant of water at u. h. f. which is 8o.

Values

of dielectric constant (¢o) at the audio frequencies for sodium chloiide solution,
for diffcrent concentrations have been calculated from the following relation

(Falkenhagen,) loc. cit and the result 15 given in Table V1.

¢ _(‘=I~97x10""r3‘. {f31}+'21‘|}'“.(q y¥ 0 (7)
@=0 20 PR 21V g)?
where, z,=valence of Na ion=1
z,=valence of Cl ion=1
T=300° A
¢, =dielectric constant of water==So
g =o0.5 for Nacl.
vt =concentration in gms. ¢q. per litie.
Substituting proper values L. (7) 1educes to
“omg 4T 3.536W7F (8)
TapLg VI
Concentration fw=0 T o Concentration ‘€w=0 Y] =0
— ~ O, -
N 3536 83 536 N/8 1250 81 250
N/2 2 497 82 497 | N/ f 1.116 81.116
N/3 2.028 82.028 | N/16 1 o 884 80.884
N/4 1 768 81 768 l N/ 32 0 625 80 h2g
N/s 1 581 81 581 | N/by4 [0 412 80 442
N/6 1443 81 443 E N /128 E 0313 80 313

From Table VI and Liq. (6), values of = for three different concentrations have
been calculated and given in Table VII. Values of 7 for the sanie concentrations
have also been calculated by using Dcby-Falkenhagen relation (Eq.1) and

given in the same table for comparison.
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In the expression for ¢ (I{q.5), valucs of ¢ and e may be evaluated
from the following relation

€'=9m €07 €0
1+x? - (o)
o) = o T €
1+t (x0)
where, x given by 4 ’
x=wr| 072
€pnt2 |
varics with frequency as well as 7. When the concentration is varied,

diclectric constant varies and there is a variation of  also in accordance with
Falkenhagen theory. Itisonly when the diclectric constant is assumed to
remain  constant, independent of concentration, and only = varies, the
relation x=1, gives the frequency of maximuin absorption. For ¢ to have

. a(,;l/
maximum value, _-=o0

Ox
But, Ber o, x R
v » a.v(l AT (o0 =) - (1)
Itis only when second term (Eq. 11) is assumed to be zero, that « is a
maximum, when x=r1. But when the variation of the diclectric constant
is taken into consideration, it is extremely difficult to determine the value of
x for which ¢ is a maximum. While we have assumed, the constancy of
the dielectric comstant for determining the frequency of maximum absorption,
the variation of dielectric constant has been taken into consideration, in
calculating the values of ¢ for different frequencies and concentrations (‘I'ables
VIII-IX). It follows, therefore, that the frequency of maximum absorption,
for a particular concentration, as determined by :
1) keeping the frequency constant and varying the concentration, or
2! keeping the concentration constant and varying the frequency is
not the same.
In both cases wmg . is given by

_ L €pt2
omar =52 T2 17
ot 2

where €, o and 7 arc the same in both cases, but in the first case xs1 and,
in the second case, .v=1. Hence, for determining =, for a particular frequency,
it is preferable, to keep the concentration constant and vary the
frequency, since in that case v is unity. But in following this method
there are certain cxperimental drawbacks, viz:

(i) Itis more difficull to have a wide range of frequency variation than
concentration.

(i) I4 is difficult to have constant intensity of oscillation for all frequen-
cies. Apart from this consideration, the higher observed values of 7 in
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TaBLE VII

Normality = N ;
4

Concentration

Y 166 N

Cal =
m secs.
* l“lll

2032
3.291

3.907

Obs. 7
i secs.,
x 100

Tanre VI

legINy= 81.76?\‘,

tg = 50.0, T

3.245 X107

10 sec ;

€0 =6t = 1.768

¥ EgQ;ﬁ?/g" wr ¢ =t ¢ tan 3 (111110/%1’;’1.)X 101
300 00117 81,272 0.795 9.781 X103 { 1324
30 07313 18,132 .81y | 1,02 X1o? | 1.697
420 0.8505 81.020 v 876 1 1.0d X10 * E 2.015
480 0 99sy 50.884 0 854 1 1.093 % 10 ¢ ‘ 2357
500 1 020 50.817 0881 1ogrxro-2 | 2417
600 122 a0 69o [f O 862 1,069 x 10 £ : 2.876
TapLe IX
Normality = ?; oIy =OI.59T 5 fr = S0,  (—¢g = 1.581;
T = 4.591 X 107" sec.
| |
I‘l;flqll\liecn/gy “r I < -on? ¢’ , tandx108 ‘ mhf /}i‘m.
- ——— — ! [ — — B PR
200 0 5769 81 176 l 0 6gub 859 | 7.674 x 10-4
250 0.7211 81.029 : 0.7548 9.31 l 1.048 X 10-4
300 0.8654 8u.889 | 07843 9 696 ' 1.307X10 4
340 0.9855 8o 790 p 0.7905 Yy 783 ' 1.49% X 104
400 1.154 80 664 | o 7800 9.672 ‘ 1.734 %10 4
500 1.442 80.499 ! 0.7350 9.131 ‘ 2.042x 10 4
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Table VII, may be ascribed to the fact that Falkenhagen expression for 7 is
based on the assumption of Debye's, theory, which is primarily applicable to
more dilute solutions, than those employed in the present investication.  ‘1'he
change of conductivity and viscosity of the solutions, if there s a temperature
rise due to passing of e.m. wave, along with the first causc, may be res-
ponsible for the observed higher values of 7. But the temperature change
being  negligible, in the piresent  experiment, duc to very weak source
employed, the possibility of second cause is ruled out.

In order to determine the frequency dependence of dielectric constant ¢
and loss tangent tan 8 = ¢/ ¢
(9) and (10) and values of 7 from Table VII have been utilised. T'he results are
given in Tables VIII to X.

for the above three concentrations, Iigus.

T'ABLE X

Normality =12; (Co)np = 81.443; o = 80.0, [y—(g) = 1.443

T = 5.212 X10""" scc.

’ y
N |
Frequency wT € — n? ¢’ | tan 8 x 108 | Ak
in Mc, s : i mho/cm
200 0 655 S0 gy o oML } 8 2. T o1X1o 8
|
250 0.814 S0 85 0T} | S 9 849 x 10-b
300 0.982 8u 721 O 715 ' Sy 1 202 % 10-!
360 1118 b0 591 0 7098 S 81 1.419 X 10-4
Joo 1311 50 520 0 020 8 00 1539X10 !
500 1 h29 80.382 0 (308 ;92 1 708 x 10-1

Values for absorption couductivities Ak for difterent fiequencies and con-
centrations have Deen calculated from the following ielations (Sharbaugh,
etc., 1047)

e 2
Ak = (g =€av’/ve . (12)

(1+v/v3) x1.80x 10"

where, et
“ . b -

v, = critical ficquency = -
w7t + 2}
Variation of loss factor «” and dipole conductivity with frequency [o1 different
concentrations arc shown in IFigs o and 7 1espectively. It will be observed
that the loss fuctor maxima shifts  towaids higher frequencies, as the concen-
trations become greater. It may also be noted that the rate of variation of
dipole conductivity with frequency becones gireater, the higher  the

concentration.
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Variation of Dipole Conductivity with frequency.

Dispersion of conductivity with frequency for stiong electrolytes, may be
explained in the following way (Ifalkenhagen, loc. it ). When an ion moves
under the application of a stationary electric field, the charge distribution
loses its symmetry. Disappearance of the unsymmetrical charge distribution
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in the ionic atmosphere is governed by a law similar to that which determines
0, the time of relaxation of the whole ionic atmospherc. When an c. m.
field of angular frequency o acts upon the solution, each ion will describe
(apart from its Brownian movciment) a to-and-fro motion. U 1,0 the
unsymmetrical chaige distribution, in the ionic atmosphcere, at any moment
will correspond to the instantancous velocity of the ion 1. e, the relaxation
force will be the same as in the stationary ficld case Wherceas, if o>1/8 there
will not be enough time for the formation of any unsymmetrical charge
distribution and hence the retarding  relaxation fotce will be reduced to
minimum. ‘The conductivity, therefore, increases with frequency. ‘The
conductivity at a frequency v, (w=27v) may be written as

a \ w

Ao= N\ —\rw— A
Aro ¢ @ T " (13)

where, .\,=Conductivity at infinite dilution
Aiw=the part duc to the relaxation effect.
Ajr=the part duc to clectrophoretic cffect

=50.54 ¥* for univalent system like NaCl.
The molar conductivity under steady electric ficld is given by :

A\oz\m"‘\m‘"\n e (1g)
From Fqs. (13 and 14), it may be written
\4,\"‘4\(.:,/\]0—]1;, oen (15)

For sodium chloride solution
Au=o0.224 No. vV y*
where, Ap=108.99 for NaCl solution.

In order to find the variation of molar conductivity with {requency for
three concentrations (N/4, N;5, N/6), the [ollowing procedure has been
adopted. Two curves AW/.\,, against w® and (en—e )/ (co-g—¢,) against w®
have been plotted in Tig. & From these two graphs, variation

o0 0.4 o.8 1.2 1.0 2.0

2.0 1.0 1.2 0.8 0.4 o

I16. 8
Variation of conductivity and Dielectric constant with wd
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of (ew—ey)/lcusg~c ) and  Nw/A,,  with frequencies for different
normahties have heen prepated (I8g.8- ). From these latter curves, variation

10
10
)
A
€m—€, 095
>
€w =€, Aiw
Af10
o, 0.00
o0 ! 1 4 o 8
200 300 400 500 6o
Goo 500 40 300 200
Frequency in Mega cycles  —>
I'16. o

of molar conductivitics with frequency for three normalities have bheen
computed and the results are plotted in Fig o. It will be observed that the
molar conductivity increases with frequency and that the rate of variation

with frequency is less with higher concentration.
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