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A PRELIMINARY EXAMINATION OF THE TEMPERATURE VARIATION OF
REFRACTIVE INDEX OF WATER AND ITS FIRST DERIVATIVE

A. K. M. AusaNuLLAH AND M. M. QuRAsHI

Physics Division, Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi

(Received April 29, 1963)

In previous work, the activation energy En of viscous flow and the first derivative of the coefficient of dilatation, 8/8T
have been found to exhibit sharp jumps at corresponding temperatures. In an effort to establish these phenomena on a firmer
footing, the first derivative of the refractive index 3n/8T has been measured for pure water at 1°C. intervals from 15°C.

upto 50°C.

The values obtained at 20°C. with both the red and blue cadmium lines agree with that quoted in the literature, but the
complete graph of §n/8T against temperature shows a series of well-defined cyclic variations with a mean period of about
4°C. and an anlpli;ude of 20-50% of the mean value. This feature is confirmed by more accurate measurements made with
the strong green line, and by comparison with the graph of o for water. A comparison of the temperatures at the maxima
and minimais made with those for the jumps in Eyand 8o /3T, and it appears that there is general agreement within about
1°C. Further work on aqueous solutions and pure liquids is in progress.

1. Introduction

In the course of a series of experimental investiga-
tions of the intermolecular activation energy e
in various pure liquids 1,2 as well as in solutions, 3
it had been found that this energy exhibits a de-
finite level structure with fairly sharp discontinui-
ties or jumps between successive levels. The
.measurements were based on the first derivative
of the viscosity, and the energy ¢ was obtained as :

e/k = Eq/R =-T2 Alna/A T (1)

where k is Boltzmann’s constant and A T is the
small measuring interval of 1° to 2°C. Some of
the larger jumps were shown to be observable
even in the older standard viscosity data availa-
ble in International Critical and Landolt Born-
stein Tables,4 thus confirming the essential re-
peatability of these discontinuities.

In an effort to establish this type of phenomena
on a firmer footing and to throw further light
on their physical basis, it was considered desirable
to reinvestigate more accurately some other
simple physical properties, like refractive index
and dilatation, using a smaller temperature
interval than what has been employed before, so
as to determine the first derivatives of these pro-
perties at various temperatures. Some results
calculated from standard data on dilatation of
water have separately been reported,5 and good
correspondence with the jumps from viscosity
data was observed. The present communication
gives the results obtained in a reinvestigation
of the refractive index of water, using a standard
research laboratory refractometer, and a thermal
interval of 2 degrees C.

2. Experimental Technique

In the absence of any definite information about
the magnitude of the effect being looked for, it

was thought desirable to use a fairly sensitive
instrument, such as the Bellingham and Stanley
(Pulfrich type) critical-angle refractometer, which
is ordinarily guaranteed to give an accuracy of
nearly 0.000,02 in the measurement of refractive
index for a liquid. It also has the advantage of
a very effective thermostatic chamber  for the
sample liquid under test, in which a thermometer
graduated in 0.2 degree C. can be fitted, so that
temperatures can be read to 0.02 °C.

The fine setting of the cross-hairs on the parti-
cular spectral line used is effected by means of a
tangent screw operated by a drum, one revolu-
tion of which corresponds to 15 minutes of arc,
and this drum is subdivided in units of 10 seconds
so that a reading can be recorded to -2 secs. of
arc. The refractive index ‘n’ (relative to air)
of the liquid in the cell is calculated as

n = Nsin (A -1)
=sin A V/N2-sin2B —cos A sin B (2)
where A is the angle of the glass prism, N is its
refractive index, i is the angle of incidence onto
the second face of the prism, and B is the angle of
emergence from the prism into the air (Fig. 1 inset).
It is readily seen by differentiation that
aen
{ V N2-sin2B
= 0.950 (0.5+0.154) = 0.61
for N=1.74, A=60° and B ~ 18°. It follows that
—104An/A T = 0.619 X 104X AB/AT
= +1.80 x A 0’[ AT (3)

when A 6’ is the change in angle measured in

dn
B cos B

minutes of arc on the drum, and for water,
104 An 180 TA0 A0’ )
R AT ol AT 73 WD ’

Since dn/dT is of the order of 10—4for most liquids,
it follows that for A T = 2°C., A6” will be of the
order of 1 minute of arc, which should be measu-~
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Fig. 1.—(a) Differential calibration curve showing number of scale divisions on lamp and scale corresponding to
successive movements of § minutes of arc on the drum of the tangent screw. (b) Similar differential calibration

curve (hollow circles) for intervals of 1 minute of arc.
by a range of 30 minutes. (Inset: Sketch of the prism, liquid chamber and path

refractometer.

rable to 43 seconds of arc, yielding an accuracy
of the order of 5% in An/AT. For the same
accuracy in AT, temperature control to 4 0.05°C.
is ample, and this was easily obtained by circulating
water from an ordinary controlled bath through
the chamber inside and round the liquid cell.

Although the tangent screw and drum gradua-
tions were expected to be quite uniform on this
particular instrument, nevertheless it was thought
desirable to make a preliminary calibration of
the drum by an optical method. A small plane
mirror was mounted rigidly on the telescope arm
of the refractometer with its plane parallel to the
horizontal axis of the refractometer, and a lamp
and vertical scale was set up to indicate the rota-
tion of the telescope. Readings on the scale
were first recorded corresponding to a series of
drum settings covering four revolutions of the
drum at intervals of 5 minutes (going from 1° to
2°) and the results are plotted in Fig. 1 (a) as a
differential calibration curve showing the number
of vertical scale divisions corresponding to this
particular constant interval on the drum. It is
seen that the curve exhibits a periodic variation
of only 439%, (i. e. g secs. of arc) about the mean
the period being very nearly 30 minutes of arc.
A finer calibration at closer intervals of 1 minute of
arc was next carried out (with a two-times sensitive

The solid circles show the means of points separated
of the light in the

cale arrangement), and Fig. 1 (b) shows the
corresponding differential curve (hollow circles)
plotted from o through 30 minutes to 60 minutes,
together with the mean of two sets of repeating

measurements (solid circles) over successive
range of 30 minutes of arc, ie. two drum
revolutions, which again appears to be the

major repetition period. The measured scale
readings corresponding to successive movements
of one minute of arc on the drum are seen
to show a further short cyclic variation with a mean
period of about 6 minutes, and an amplitude of
at most + o0.12 scale division about the mean
value of 1.68 divisions/minute. This  corres-
ponds to a rool-mean square variation of 5%,
in the value of the 1— minute divisions of the drum,
i. e. to + g seconds of arc, which would lead to a
change of only 0.1 x 1074in the refractive index
‘n’. This is only twice as great as the actual rea-
ding accuracy of the drum graduations, and should
not therefore give rise to any significant spurious
variations of d 8’/dT and therefore of dn/dT.

3. Preliminary Measurements of n at
Various Temperatures

The first measurements of dn/dT were carried
out by filling the thermostatted liquid cell with
double-distilled conductivity water, and measur-
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ing the absolute value of n for the cadmium red

line (N =6438.5 A) at a series of temperatures
from 18°C. to 34°C. differing by 1 degree C. The
mean of three readings was taken at each tempera-
ture, and the observed data are given together
with the r.m.s. deviations in Table 1, the last

; An
column of which shows the values of 104 x I——n/ AT

calculated with A T =—2°C.,

These values are plotted as large hollow circles
against the mean temperature in the lower half
of Figure 2 (a), with the short vertical lines re-
presenting the standard deviation estimated in
Table 1 from the variation between repeated
readings. The best graph through the plotted
points shows two definite maxima at 22°C. and
32 °C. with a poorly defined one in between. The
differences between the peaks and troughs for
the well-defined maxima are about three times
the estimated standard deviation of the experi-
mental points.
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sirable to dispense with the repeated measurement
of the position of the normal to the emergent
face of the prism and the angle B, but to measure
instead only the small changes in the angle B by
permanently locking the drum to the telescope and
scale, and taking the readings 9 from the drum
only. This has the advantage of eliminating the
error (up to 10” of arc) involved in setting the
glass scale graduations against the fiducial marks
each time, and therefore the accuracy of the
changes AB = - A6 can be improved considera-
bly. A further device was to take observations
at the even degrees of temperature during heating
and at the odd degrees during cooling, thus effec-
tively doubling the density of observations. The
repeated drum readings taken at each tempera-
ture as well as their means are given in Table 2,
together with the r.m.s. deviations, and column
4 shows the values of the change A8’ in minutes
ofi-are for AT — 2°@. calculated from'  these.
The standard deviation for A8’ is seen to be much
less than before and indicates an accuracy of the
order of 89, i. e. +2 sec. of arc on the average.

TABLE 1..—PRELIMINARY MEASUREMENTS OF n AT VARIOUS TEMPERATURES FOR THE RED
Capmium LiNe. (THE STANDARD DEVIATION FOR n 18 GIVEN IN THE 5TH PLACE).

Temperature

Angle (B-17°)

Refractive index—=n

—An X 104 for

(°C.) 0 O ; 104"1—n‘/AT
18.0 55—58” 42" 1.331,76 +5 . — =
19.0 : == == Fohe=0n/ 22100
20.0 56-53" 420" 1.331,6145 e -
~2L.0 575 =51 1.331,5445 3-3+0.7 4-9+1.0
22.0 58/—24" +30” 1.331,28+5 3.5+0.7 5.24+1.0
23.0 59'—00" 40" 133119 L5 2.340.7 3.6+1.0
23.0 59'—45" 20" 1.331,05-45 1.840.7 2.7+1.0
25.0 1°~0"—00” + 15" 1.331,01-45 Ll ong 1.541.,6
26.0 1°-0—25" 4-25" 1.330,94£5 1.5:1-007 2 2510
2750 1°~0’~55" + 10" 1.330,86+5 2.240.7 3.8+1.0
28.0 1°—1—48"+ 3" 1.330,72+5 2.3+0.7 3.4+1.0
29.0 Lo 1071t 1.330,63+5 1.6+0.7 2 4-L1. 0
30.0 1°—2’—28” +18” 1.330,56+5 1.040.7 1.5+1.0
GEEO o9 qot Lol I.330,5315 2.6+0.7 8-9:L 1.0
32,0 1°-4'— 57 +5" 1.330,30+5 2.8+0.7 4.24+1.0
3340 1°—4'-36" + 5" '1.330,25+5 1.2-£0.7 1.8+1.0
34.0 1°—5"-18" + 18" 1.330,18-+5 — —

R.M.S. deviation = +15”

R.M.S. deviation= 475 x 10-5

4.'; Differential Measurements for the
‘Cadmium Red and Blue Lines

In an effort to improve the'accuracy‘o-f the ex-
perimental values of An/AT, it was thought de-

A plot of the results is Shown in the _upper half
of Figure 2 (a), where the solid circles refer to the
heating sequence and the hollow. circles to the
cooling sequence. Since the calibration of Figure 1
indicated a r.m.s: fluctuation of g 'seconds of
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arc in the value of 1 minute on the drum, the
circles in Fig. 2 are drawn with radius equal to
this. The best graph drawn through these solid
and hollow circles shows a succession of maxima
and minima with a peak-to-peak amplitude of
20 to 40 seconds of arc, i. e. 6 to 12 times the
r. m. s. errors possible. We find clear maxima
at 23°C. and 32°C. in agreement with the indi-
cations of the preliminary experiment. The
small maximum ‘A’ at 41°C. marked by a small
arrow could be a fortuitous one, because the
broken line also gives an acceptable curve through
the points in this region.

These measurements were next carried out
. . o IS .y
with the blue line (3, =48004), the visibility of

A. K. M. AusanuLLAH aND M. M. QURASHI

which is rather poor and therefore the same ac-
curacy could not be obtained in setting the re-
fractometer telescope. The drum locking with
respect to the glass scale was changed by 1 minute
so as to remove the consistent errors due to the
screw, and the results, as plotted in the lowest
curve of Figure 2 (b) against “Expt. 17, show
that the graph is very similar to that for the red
line, although the scatter of the point is much grea-
ter than before. A repetition of the measurements
with the drum tangent screw locked in a different
position on the scale gave the graph marked
“Expt. 11”. The topmost curve shows a plot of the
means of Expt. 1 and 11, the undulations in which
indeed follow the graph for the red line closely
although with a somewhat smaller amplitude.

23
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Fig. 2.—(a) The lowest curve (large hollow circles) shows a plot of the preliminary measurements of: ;

ST
291

Table 1 for the cadmium red line, the short vertical lines representing the estimatedstandard deviation. The upper curve is
a plot of the values of A9’ (in minutes) for every 2°C., obtained from differential measurements (cf. Table 2), the solid circles
being for the heating sequence and the hollow circles for cooling. The small peak at ‘A’ could be a spurious one. (b) Similar
differential measurements of A6’ for every 2°C., with the cadmium blucline, the topmost curve being a plot of means of
corresponding points for Expt. Tand Il This mean plot is in satisfactory agreement with the previous graph for the red line.
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TABLE 2.—TEMPERATURE READINGS OF DRUM 8, CALCULATED VALUES OF A8’ (1IN MINUTES)
FOR 2°C. FOR WATER IN THE RANGE 10°C.—50 °C. usiNG THE CapMiuM RED LINE.

Heating sequence Cooling sequence
e Ny LG -
Temp. Drum Mean + A0 for2°C.  Temp. Drum readings Mean + A0’ for 2°C.
(°C)  readings —0 (in minutes) (°C) -0 (in minutes)
1 2 3 4 5 6 7 8
11,00 2917507 2917 497
2917487 41”7
12,00 203 g 20IES, 0'~45"=0.75
DAY 08 gl 0o”
3 :t o s U O i bt (oI g
44'—o .73 13.00 20175 201 4
20 II 2// :tl//
14.00 200" 327 200" 31”” 1/-02"=1",03
2007307 4.1
1'—05"==1".08 15.00 2%000" 290127
6 o ’ 8' Lo} ’ 6// z 0’ 4” j:l” ’ ”
16,00 1950/ 128" 1°80" 2 1-03/=—1 0%
Io /’ ” ”
59 24 j: 2 O’ ” ’ o ’ ” (e} ’ »
—47"”=0".78 17.00 1° 59’ 0 1° 587 59
10 58/ 58// d:lu
18.00 192:58% 407 19,587 30% 0'—49”"—0".82
19 587 387 17
Or g S I—=071 TS 19.00 12 585 H0% 1° 58’ 10"
1° 587 107 o’
20.00 192575325 10570547 lsrl==0{8
L 7. 5 oy
O’—SS”:O’.QZ 21.00 1° 57/ 18” 1° 57/ 19//
19577 207 S
22,00 TeLs/ Fiok 195654507 0" —1/ 32
- ég, e S :}:5?’ 1'-19"=1.3
7 o iy o oW ) a7
T oRSE—1C 508 23,00 1° 56" 0 1° 56" 0
1% 56%07 +0”
24.00 1 sstasl 19 557 447 1'-06"=1",10
5 e o "
55 4 :i: t Il 02//__ ’ o i 2 ” o /. ”
—02”=1".03 25.00 1° 547 52° 1° 547 54
6 o ’ 7 ) 4 £ 5455 :}:I, 7 2
26.00 1° 547 427 I° 547 42" Q557 —05095
Io £ ” ”
ek :EO o’ [ A o ’ ” o ’ ”
—54”==0",90 27.00 1° 537 58 18753757
. : : : 12531 567 1Y o
28,00 12.53/ 48% 1% 535487 T n2 T 50
I 53I48// iol/
Tl o—r i o8 29.00 10 52" 457 1952 048"
Io 52/ 451/ _l_ofl
30,00 1952 30 Tousot Al i 1’—24"=1".40
Toldi »
5 3 :tI ’ Yy, o 7é " o ’ ”
=23 17438 31,00 1253 20 I STl
10 517 22" A7
32,00 19T 1S(5TE 8% T =193
Io ’ " ”
ol o :{:2 . oS o ’ ” > ’ ”
1'—32"=1'.53 33.00 1° 497 40 12 497 37
o ’ ” o /26" 1z 49 34” :i'_‘3” "
34.00 1249735 1° 49’ 36” 1-09"==1",1%
10 407 28" ”
49 38 :i:I II 0211__ ’ o 4 ” 70 ’ ”
—02"==1",03 35.00 1° 487 25 1° 487 28
10 48” 30" 427
36.00 1° 487 357 19, 48%34" 1/—067=1"’,10
19 487 32" 41" i
1/—46"=1",76 37.00 12475207 12374220
’ 4 ’ 4 L 47’ 25” :!:2” ’ ” ’
38.00 1° 467 487 1° 467 48” - Fr =52
Io 6’ ” ”
# 48 j:O . HEEEA o ’ ” o r ”
I—24"—1".40 39.00 1° 45’ 52 I° 457 ST
1° 45 50" 117
40,00 il o Tl T0S S S1/-177=1".28
12457227 +1”
I/__24II::I/.40 41'00 Io 44, 34;” IO 44P 34/l
I° 447 34" F0” v
42.00 1° 441 0”? 10 44/ o” I'—ISI/:I,.ZS'
o P tt ”
5 b Ao SR AT T G o L 1‘" e : i ey e ;
—09”==1",I§ 43.00 1% 43718 1°43 19
19: 43720/ +1”
44.00 18 42/’ 52: 10145 ¥ Y T/o27"—1".48
19 42/ 50 41”7

(Contd. on page 248)
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1 25 3 4

5 6 7= 8
1—287=—=1".46 45.00 1° 41’,55” TS0
: LR 7 o ”. ”
d 6 veo ’ ” o /. ” Tran oo :tz ’
46,00 1° 417 25 1° 417 23 I—-31%=1%,52
o TP QT 217 - k27 )
1’—51"=1".85§ 47.00 12407 20" 1840 21"
: ; 12405227 eI
48.00  1°39’35” 1° 39" 327 1'-17"=1’,28
1° 397 30” g2/
. g T235—11 38 49.00 I°39" 5" 121397 4%
Io ” ”
50.00 1° 38/ IO” 1° 38, 9// 3943 :tI &
1238737 417

r.m.s. deviation=-}-1,2”

r.m.s. deviation—--1,7”=—--0,03’

r.m.s. deviation=1"_2 r.m.s. deviation—-1-1,7”=--0.03"

For comparison with measurements of other work-
-ers on. water, it may be noted that dn/dT X 104
at 20°C. is given 6 as -0.8, which is in good agree-
ment with our values at the second minimum in
Fig. 2 (a) and Fig. 2 (b) for both the red and
the blue lines. Of course it must be noted that
our measurements require correction for the effect
of temperature on the refractometer prism. This
may be estimated at § dN/dT, i. e. 0.09 X 104,
and is negligible.

5. Differential Measurements for the
Cadmium Green Line

The above - experiment was finally repeated
using the cadmium green line (A =5086A),
which has a relatively high intensity, and there-
fore it was expected that more precise settings

of the refractometer telescope cross-hair could be
made with it. The mean values of the drum
settings for the various temperatures are shown in
Table 3 for the heating and cooling sequences
together with the r.m.s. deviations, which are
seen to be a little greater than 1 second of arc.
The values of 48" for A T=2°C. are also shown
and in the fourth column are the calculated values

} /AT

i n-——

—1I04 Ad |n ;27-;2
A A6’

=104 X 0.905T?1——/AT:5.0—AT- (5)
of on the basis of equation (3). These values are
plotted in the wupper half of Fig. 3. the solid
circles being for the heating and the hollow cir-
cles for the cooling sequence.

TaBLE 3.—TEMPERATURE, MEAN READING OF ANGLE § AND CALCULATED VALUES OF A8’ B
2°C.” anD 546’/ AT ror WATER, UsiNG THE CapmiuM GREEN LINE IN THE RANGE oF 21°—50°C.

Heating sequence

Cobling sequence

Temp. Mean reading A6’ for Temp. Mean- reading A0’ for
(f&.) of angle ‘0’ 22C. B ATGIAT (=) of angle ‘0’ 2 2@ AT ATT
e -~ 21,00 1°—2'—28" 42"

22 : gg i o:r“; ,:?Z,,i:?,, 1.23 3.08 23.00 1°1'-34"+1" ?gg ;;2
Qg:oo OoiRg CEar i Te r-33 Ji850 5 2500 1:—0 142 1.48 3.70
8.00 0°-58"-46"4 17 1253 2.83  27.00 2 ~58,_45,,i3,, 1.06 2.65
o R e 1.18 2.96 29.00 0°-57'—41"+1 g .
30.90 ‘00_525,—35,,i0,, 1.38 3.46 31.00  0°-56'-24"+2" S 3 2
32‘23 30—5 ’_:’?i:?? 1.18 2.96 33.00  0°-55—0"+0" I"ES 333
gg.oo 0°—gg’—46”:};1” e Srisg S8 00_531_511i1: 1.60 3.58
38.-00 R 1.75 43837500 0°-52 —15;:0” 1.76 s
; el e 1.66 4.16  39.00 0°-50—29"+1 e 2.6
e 00_58,_21,,11,, 1.68 4.20 41.00 = 0°—49-1"41” ; '%2 4'05
ig "oo 0 °—ig’~3?é”i 1Y L2 4320, 400 02_45:“5: ”i,f” 1.83 4.58
48.00 0°—44'—4" L1 ° 1.53 3.62 « 47,00 oo-'44,—x ”ix ; 1.85 i
50:00 0% 42’46+ 4" 1.40 3.50 49.00 0 =42 =10 -+0 %Y S
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The smooth graph drawn through the plotted
points is seen to be a very regular one, with an
r. m. s. scatter in the experimental values of about
0.1, i.e. 3%. For comparison, the lower half
of the Fig. g shows a plot of the corresponding
mean values obtained for the red and blue cadmium
lines, and the two graphs show excellent agree-
ment from 25° to 50°C. and even the doubtful
maximum at 41°C. is brought out more clearly
by the new data. Below 25°C. there appears
to be a discrepancy of about 1.5° to 2°C. in the
positions of the maxima and minima, the reason
for which is not clear, although it may simply be a
result of cumulative experimental errors.

On theoretical grounds the molar refraction,
[(n2-1)/(n242)] x M/d, is expected to be constant,

249y

and therefore
(n2-1)/(n2+2) « d/M

A (;:;)/AT i, ( AdJAT )/d:a, (6)

where « is the coefficient of dilatation of the
liquid. Accordingly, the thin line curve in the
top half of Fig. g shows the values of « X 104
as calculated from the standard data for the density
of pure water.7 It is at once seen that the graph
for « does approximately pass through the mean
of the undulatory graph based on the refractive
index, thus indicating: the approximate validity
of equation (6) on the average. However, the
undulations are as much as 30-509%, of the mean
value, and therefore indicate the existence of

whence

TABLE 4.—COMPARISON OF THE MEAN TEMPERATURES FOR Jumps IN Ex AND 8«/3T wiTH
Maxmma AND MiINmva IN THE (A87/AT) Grapras (cr. Fic. 3.)

No. of discontinuity 3 4 5 6 7 8 9 10 11
‘Weighted mean temp. L7 157 17.6 21,9 27.8 33.8 36.9 41.8 49.0
from Ey anddy /3T “+o.1 -Lo.1 Fo.1 Fo.3 0.5 +o.1 +o0.0
Weighted mean temp. Maxima 16.8 (24.4) (31.59) 37. & 41.5 47.3
from A6/AT graphs +0.6 +o0.6 Fo.2 40.3 To.3 +o0.4
of Fig. 3. Minima~14 20.3 277 34.2 (40.0) (43.4)
+o.7 +o.3 Fo.4 #+o0.0 +o0.4
Difference: —o0.8 —I1.6 -0.1 +0.4 +0.2 —0.3 LT
Note:—Overall mean difference=—=-0,6°-+0,6°C.
T % \J T ¥ T ¥
5 - , !
Ly Green line
-l 7
7 1]+ # l'
Rt =
i - -
e
e | ;
'ol,u . 2
<5 o |
1 Eatees = B
n e « |
5 5 ; Pl & 4
el :e:n& ;or l
4} e lue
- 9 = [.
wn
3 B
4 o
T T T T T T
0 10 20 30 40 50
o
TEMPERATURE ¢ C )

Fig. 3.—( Top): Plot of sAQ’/A T=104x 7—,1(;1“ In [(n2—1)/(n2 +2)] for water measured with the cadmium gieen

d

line; solid circles for rising temperature and hollow circles with falling temperature. The thin continuous line shows 104xa the-

coefficient of dilatation. (Botfom): The corresponding plot of SA6’/AT from the mean of data for the red and blue lines.
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another physical effect, especially below 27°C.,
where the values from the refractive index are
all equal to or greater than «. In this connection,
it is significant that equation (6) is very closely
satisfied in the neighbourhood of 20°C., where
dn/dT had previously been determined, and this
perhaps accounts for the lack of further study of
dn/dT.

6. Conclusion

In view of these findings, it is instructive to
compare these measurements of dn/dT with those
of other properties of water, namely viscosity and
dilatation, jumps in the derivatives of which
have recently been found to show a one-to-one
correspondence.5  Table 4 shows the mean
temperature for the jumps based on viscosity and
dilatation compared with the weighted mean
(2:1 for the upper and lower curves in Fig. g)
temperatures at the maxima and minima in the
values of Aln [(n2-1) [ (n2+2)]/A T, and it is
at once seen that of the eight jumps in this tem-
perature range, four agree in position with the
maxima, while the other four fit the minima.
The agreement is in all cases satisfactory, the
average discrepancy being -0.6°C. -+ 0.6°C.
as seen in Table 4. This agreement suggests a

A. K. M. AasaNULLAH AND M. M. QURASHI

further study of 82n/8T? as fully corresponding to
En and 82/3T and opens up the field for more detail-
ed correlation of the above three properties;
further studies are planned on a series of pure
liquids and solutions.
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