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Fresnel, from considerations of the electro-magnetic theory of 
light, worked out an equation for calculating the energy in there­
flected ray, when the incident light is unpolarised. 

The equation is : 

where 

l=ta~ [ sin 1 (i-r) + tan~{i-r) J 
sin 11 (i +r) tan•(i + r) 

I~ the inteneity of the reflected ray; 

a= amplitude of incident vibration ; 

i and r= the angles of incidence and refraction respectively. 

This equation, however, postulates a sudden change in physical 
properties in passing from one medium to another a.nd a. similll.l' 

uniform arrangement of molecules throughout the bulk ae also on the 
surface of the liquid. But from the work of Langmuir, J. A mer. 
Chem. Soc., 1917, 39, 1848; Chern.. and Met. Eng., 1916, 15, 468; 
Harkins, J. Amer. Chem. Soc., 1917, 39, 541; Adams, Proc. Roy. 
Soc., 1921, 991, 336; 1922, 10iA, 452, 516) a.nd others on the ori­

entation of surface molecules in a liquid, it is clea.r that the arrange­

ment of molecules at the surface is quite different from what it is in 
the bulk. The polar groups like OH, COOH, NH., ek, are supposed 

to be poin~ing downwards towards the bulk of the liquid, leaving the 
non-polar groups floating on the surface. If this be so it would be 
interesting to find out ii some deviations from the Fresnel's equation 
would be observed in the case of reflection from liquid surfaces which 
are known to have a. definite surface orientation. It was with this 
view that the present investigation was undertaken to explore the 
limits of applicability of the Fresnel's equation in the case of liquids, 
on the assumption that the :first reflection from the liquid surface 
takes place from the molecules in the surface layer. 
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EXPEilUISNTAI .. 

The intensity of the reflected ray of light was measured by the 
Boys' radiomicrometer manufactured by Cambridge Instrument Co. 
The arro.ngements made [or the experiments are shown in Plate L 
They consisted of devices-

fl) to take the incident beam of light ; 
(2) to put the li!}uid, whose surface-reflectivity was to be 

examined in a suitable manner in ll non-reflecting vessel 
(3) to focus the reflected ray on the receiving plate of the 

Boys' radiomicrometer. 

(I) To take the incident beam of light. 

The arrangement for the incident beam of light was such that the 
light, could be arranged to fall on the liquid surface at any desired angle 
to the normal. For this purpose a theodolite scale was used. It 
was graduated into 360 divisions, each division representing a degree. 
A tangent screw with a graduated head was also attached to the 
scale which had to be released for moving the scale independent of 
it. One full turn of the screw head rotated the scale through one 
degree and graduations on it were such that readings could be taken 

with an accuracy of about 1'. At t..he centre of the scale was care­
fully fixed a metallic tube of 1·5 em. diameter in such a way that 
when it was vertical as seen by the spirit levels fixed on the surface 
of the scale, the reading on it as well as on the graduated head of 
the tangent screw was zero. A Her this the tangent screw was moved 
until the tube became horizontal as shown by the spirit levels, when 
the angle reading was found to be 90° _ This confirmed the initial 
setting of the tube. Later on adjustments of angles were made by 
the tangent screw only. 

On one end of the tube was soldered a metallic disc which had a 
circular hole of 3 mm. diameter bored into it. 'fhis end of the tube 
carried a small wooden box, in which was fixed a smalll2 volt, 21 
c.p. bulb in such a way that the light from a small portion of the 
filament only could pass through the small hole in the disc, attached 
to the tube. 'fhe other end of the tube carried a brass head soldered 
to it. Into this head was fitted another metallic tube which could 
smoothly slide into it. The outer end of the sliding tube was closed 
by means of a metallic disc which had a circular hole of 4 mm. 
diameter accurately bored into its centre. 'rhis tube carried a len~ 



·"=Theodolite scale for n:ea.suriog: the angles of incidence. 
B= A wooden box containing 11o 12 volt 21 c. p. balf.waU bulb, 
C=A bran head. 
D= A bran tube sliding into C. 
E-Watch glass on which the liquid is placed. 
F=Woodeo block on which a. groove ia cut to fit the watch glan. 
G-Adjusta.ble toble. 
H= Plane mirror capable of moving both on its horizontal and vertical ases. 
L- Lena to focus tbe reftected ray to the thermopile. 
M~Tabe containing oeveral dio.phragms. 
B- Boy a' radiumicromeW.r. 
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in it to give a parallel beam of incident light. The sliding tube was 
pushed in or out until the distance between the source of light and the 
lens was equal to the focal length {36 em.) of the latter. The 
parallelism of the emergent beam was tested by means of a. tele­
scope focussed £or infinity. 

All the tubes and the box containing the bulb were coated on the 
inner surfaces with a dull black paint to avoid all reflections from 
surfaces. The scale with all the s.rrangements described above 
carried a clamping device so that the whole thing could be raised or 
lowered or rotated as desired. The stand carrying it was rigidly 
fixed on a wooden base board which was placed on s s"ione table, so 
that the liquid surface was not disturbed bj any external vibration. 

(2) ThtJ arra;~ge-ment for placing the liquid whose surface 
reflectivity was to be examined in a suitable vessel. 

The liquid was put on a shallow wil.t_ch glass which was finely; 
ground both on its inner and outer surfaces. The outer surface was 
coated with a dull black paint to reduce the reflection from the liquid 
glsss interface to a minimum, and thus only the first reflection from 
the liquid surface was examined. In order that the watch glass may 
be put in the same position in all the experiments, a groove was 
carefully cut in a block of wood in which the watch glass fitted 

exactly. The latter rested on a metallic support that could be 
adjusted at any height. This was also rigidly fixed to the base 

board. 

(3) To focus the reflected ray on tha recefvi'!lg plate of the Boys' 
radiomicrometer. 

The ray of light after being reflected from the liquid surface was 
made to fall on a plane mirror of small aperture, whioh was capable 
of movement both on the horizontal and vertical axes. The mirror 
was clamped in a stand which could be adjusted laterally as also 
vertico.lly and was thus rendered capable of all sorts of motions, 
helping therel.J in adjustment to throw the reflected ray horizon­
to.lly on to the receiving plate of the radiomicrometer. After the 
second reflection from the mirror the ra.y was focussed on the 
receiving pla.te by means of a lens whose focal length was equal to 
the distance between the lens and the receiving plate. 

To get rid of other external radiations a. tube carrying four or 
five diaphro.gms of gradually, decreasing diameters was fitted into the 

11 
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radiomicrometer The range of these diameters varied from 8 ems. 
at the outer end to 5 mms. at the inner one, which in this way 
allowed only a horizontal ray to pass through it and fall on the 
thermopile. Proper adjustments of the reflecting mirror were made 
to give a perfectly horizontal beam, which after passing through all 
these diaphragms could be seen as a bright circular patch of light 
wit.h the shadow of the receiving plate at the centre, on a ground 
glass plate placed at the opening provided in the instrument for 
observations, opposite to the one carrying the tube. The next step 
was to focus the circular patch on the plate by the lens and the 
patch thus obtsined was just big enough to cover the receiving plate. 
No portion of the light was n.llowed to fall outside of it. The 
deflections obtained were noted on a scale put at a. distance of a 
metre from the radiomicrometer. These deflections were taken to 
be proportional to the intensity of the reflected ray of light. 

The liquids used in the investigation were either Kahlbaum's or 
Merck's extra. pure chemicals. Some of them had to be specially 
purified for this work by repeated distillations or crystallisation. 
They were all freshly distilled just before use and the refractive 
index of the liquid for the light used in our experiment was deter­
mined by the Abbe refractometer. This was necessary to determine 
the Brewsterian angle for the liquid and served as an evidence of the 
purity o£ the substance. The experiments were carried on in a. 
constant temperature room. 

Before examining the reflected ray from a liquid surface at any: 
particular angle, the reflected ray at that angle from the water 
surface was first examined. 'fhis reading was taken as the standard 
in terms of which the deflections of the new liquid was expressed. 
Thus if at a11 angle 6, I, and I Q be the intensities of the reflected 
rays in the case of a. liquid a.nd water respecti"Vely, and d, and d, be 
the corresponding deflections, then 

l,='[(!.d, 
and I.= K. d0 , 

_ I,_d, .. r.-a.· 
(where K the constant will remain the same in both the cases). 

To Dote the deflection due to the reflected ray from the water 
surface, it was freshly distilled every time before use. Some of it 
was poured on the ~le~n dey, w~tch glass ~nd the !!Utface W3s m!!.de 
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to overflow after which the liquid was thrown away. This was 
done to ensure the absence of any dust particles sticking on the 
watch glass and also to guard against lens formation. The watch 
gla.ss was next put into the groove on the block of wood and 2 c.c, 
of water were accurately measured into it. All the necessary adjust· 
menta described above were made as soon as possible and deflec­
tions were observed. No readings were considered unless they 
cocld be repeated at least five times. 

'l'o get the deflection from a. liquid surface the watch glass wa.s 
removed from the groove and dried by blowing a. current of hot air 
over it. It was then cooled, rinsed with a. few drops of freshly 
distilled liquid to be examined, and replaced in the groove, when 
2 c. c. of the liquid were measured out in it and the deflections noted. 
The different angles a.t which the liquids were examined were 30°, 
45", 60°, 70" and also their respective Brewsterian angles. Angles 
below 30° could not be examined owing to the feeble intensity of the 
reflected ray and above 70°, the deflections were found to be very 
large. The results are enumerated in the following tables. Table 
I gives a few readings at random to show the range of variations in 
the deflections observed in any particular case. 

'fABLE 1. 

Liquid. Angle of incidence. Deflections observed (in ems). 

(1) (2) (3) (4) (6) Mes.n. 

Water 70D 29"75 29"75 29'70 29'75 29'70 29"73 

Methyl aceta.te 65' 20'35 20'35 20"35 20'35 20'85 20'35 

Ethyl alcohol 60' 12'86 12"85 12'85 12'85 12:85 12'85 

Toluene 4.5" 'J'OO 9'00 ll'OO 9'00 9'00 9'00 

Dimethyl aniline ... 30° 8'60 8'60 8'60 8'60 8'60 8'60 

In Table Jl are given the deflections observed in the case of 

nrious liquid surfaces a.t their respective Brewsteria.n angles. 
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TABL.E .II. 
Ratio of the deflection 

Bre"Wsteri,.n Deflection observed in the caoe 
Liquids. angle. in erne. of liquid to the cor-

responding water 
deflection. 

Water 53°5' 7"75 1"000 

Ethyl alcohol 53°42' 9"20 1"125 

n-Propyl alcohol 54°6' 9"46 1"245 

i.oo-Propyl ,. 53°57' 9"00 1"200 

n-Butyl 5<l"22' g·9o 1"26\l 

iso-Butyl 54"1.7' 9"82 1"271 

n-Amyl 54°32' 10"16 1"269 

Dimethyl ethyl 
carbinol 54°30' 10"45 1"269 

Acetic acid 63°55' 9"28 1"167 

Propionic acid 54"10' 9"90 1"222 

n-Bntyrio acid ... 64°38' 10"55 1"302 

iso-Butyric a.cid 54"1.9' 10"20 1"241 

Benzene 56°16' 13"95 1"550 

Toluene 56°9 14"40 1"532 

m-Xylene 56°4' 14:25 1"524 

Methyl acetate ... 53°38' 8"85 1"1U 

Ethyl acetate 53°50' 9'17 1"18-~ 

Propyl a.cela.te ... 54°5' 9"90 1"214 

i.oo-Butyl acetate 54°12' 10"13 1"213 

Ethylene chloride 55°13' 12"60 1"403 

Aniline 57°40' 18"05 1"750 

Ethyl aniline 57"1.0' 17"20 1"686 

Dimethyl aniline 57°13' 16"70 1"704 

Diethyl aniline ... 56°67' 16"5 1'659 

Toluidine 57°27' 17"2 1"720 

Dimethyl to lui-
dine. 56°41' 15"55 1"637 

Copper ferrocye.. 
uide sol. 53°5' 7"75 1"000 

Gele;tine sol 63°5' 7"75 1"000 
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Tables III-VII give the value of the ratio between the deflec­
tion noted in the case of the liquid to that in the case of the water 
at the same n.ngle for different groups of substances. Side by side 
with the experimental values are given the values of the ratio as 
calculated from the Fresnel's formula. 

If I, be the intensity of the reflected ray from a liquid surface 
at an angle of incidence i and I, be that in the case of water at the 
same angle and if r,, r, be the respective angles of refraction, we have 

I _1 •[sin•(i-:r,) 
~-~a 

2 sin'(i+r,) 

di _1 •[sin'(i-r~)+tan•(i-r0 )] ~ .--a . 
2 sin"{i+r.) tan•(i+r,) 

(a will be the same in both the cases because the source of light is 
the same). 

. I, .. I. 
sin' ( i-r 1 ) + tan• (i-r ,) 
sin "li+r ,) tan• (i+r,) 

ain'(i-r,) + tan 1 (i-.- 1 ) 

ain'(i +r 1 ) tan • (i+r,) 

Now, intensitY. of the light can be taken proportion!lol to the deflec­
tions observed. 

sin"(~-r,) +tan•(i-r,) 
. I, _ d, = sm"(•+r,) tan'(i+r,) 

.. J.- d, sin 1 (i-r
1

) tan"(i-r,) 
sin"(i+r1 } +tan"(i+r0 ) 

From this it is clear that if Fresnel's formula holds in the case 
of liquids examined, we should have the ratio of the deflections 
observed in the case of a liquid to that in the case of water under 
similar conditions, equal to the ratio of the intensities in the two 
cases as calculated from the formula. 

In the following tables are given the results obtained with 
alcohols, saturated carboxylic acids, esters, a.rom!3-tic hydrocarbons 
a.nd aromatic amines, 
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TADLE III. 

Alcohols. 

Angle 70° Angle 61i0 

Ohs. Calc. Percen· Ohs. Calc. Percen· 
Angle 60° 

Ohs. Calc. Percen-
d, I, tage d, I, tale d, I, c&~e 

Alcohols. if; 1. differ· 
d. f;" di er. .r. I; di er 

ence. ence. ecce. 

Ethyl alcohol 1"0B8 1"056 +3"03 1"096 1"072 +la'24 1"106 1'091 +1"28 
Propyl alcohol 1'106 1'095 +0"91 1"186 1"121 +5"71 1"191 1"1113 +3"296 
iso. Propyl alcohol 1"104 1"081 +2"13 1"120 1'106 +1"27 1'157 1"132 +2" <1 
Butyl aloohol .. 1"138 1"119 + 1'698 1'165 1"155 +0'87 1"214 1"168 +3'94 
i.to-Butyl alcohol 1'112 1"112 0'00\1 1"11;2 1'147 +2'18 1'213 1'182 +2'62 
Amyl alcohol ... 1'148 1'134. + 1'23 1'11!3 1'175 +1"45 1'236 1'221 +1"23 
Dimethyl ethyl 

carbinol 1'120 1"132 -1'06 1"174 1"172 +0'17 1'~21 1"216 +0'87 

TABLE: III (Continued), 

Alcohols. 

Angle 45" Angle so• 
Ohs. Calc. Percen· Obs. Calc. Percen· 

Alcohols, d, I, tage d, !! 
tage 

;r. I; differ· 
~ r. differ· 

ence. ence. 

Ethyl alcohol 1"162 1"131 +2"74 1'184 1'152 +2'78 

Propyl alcohol. 1"296 1'2la7 + 5"62 1"318 1'256 +5'095 

iso-Propyl alcohol 1"261 1'196 +5'43 1"294 1"217 +6"33 

Butyl alcohol 1'382 1'296 +6'63 1"429 1'336 +6'96 

iso-Batyl alcohol 1'378 1"2U +2"73 l'Hli 1'313 +10"43 

Amyl slcobol 1'387 1'336 +3"81! 1'460 1'381! +5"6!l 

Dimethyl ethyl car-
1'325 binol 1'350 +1'89 1'408 1'371 +~"61!9 

TABLE IV. 

Aclds. 

Angle 70° Angle 65° Angle 60° 

Obs. Calc. Percen· Obs. Cslc. Percen- Oba. Calc. Peroon· 
Acids. d, !J 

to.ge d, I, ta.ge d, I, tage 
differ. differ- diff"er· 

d, I, ence. d, I; ence. d; I; euce. 

Acetic scid ... 1'076 1'~77 -0'093 1'104 1'099 +0'46 1'152 1'124 +2"49 

Propionic a.cid 1"109 1'102 +0'64 1"144 1'139 +1"06 1"170 1'165 +0'48 

n·Butyric acid 1'160 1'14'2 +l'liB 1'189 1'188 +0"08 1'250 1'~96 +1'13 

iso-Butyric a.cid 1"1111 1"114 +0'45 1"153 1'148 +0"44 1"189 1'185 +0'94 
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TABLE IV (Continued). 

Acids. 

Angle !5° Angle :.10° 

Obs. Calc. Ob;. Co.lc. 
Acids. d, I, Percentage Percentage 

difference. d, I, 
if; ~ d. t. difference. 

Acetic acid 1'177 1'1tl3 -0·4S! 1'216 1'205 +0'91 

Propionic acid 1'295 1'247 +3'85 1"320 1'278 +3'26 

n-Butyric acid 1'411 1'359 +3'83 1'732 1'(14 +21hl9 

iso-Bu tyrjc acid ... 1'312 Ul79 +2'58 1'320 1'1!19 +0'08 

TABLE V. 

Esters. 

Angle 70" Angle 65° Angle 60° 

Ne.me. Obs. c .. tc. Percen- Obs. Calc. Percen- Oba. Ca.lc. Pereen-

d, I~ 
te.ge 

~ I, ta.ge d, !.!. tage 
differ- differ- differ-d, I, ence. d, ~ ence. d; r. ence. 

Methyl ace'tate 1'071 1'052 +1'81 1'08\l 1'067 + 1'41 1'113 1'082 +2'87 

Ethyl 11cetate 1'079 Hl70 +0'84 1'114 1'091 ... 2'11 1'131 1'112 +1'71 

Propyl acetate 1'101 1'095 +0'55 1'143 1'121 + 1"95 1'166 1'153 +1'13 

iso-Butyl a.cete.te 1'107 1'106 +0'09 1'152 1'137 +1'32 1'186 1'172 +1'19 

TABLE v (Continued). 

Esters. 

Angle 45° Angle 30" 

Esters. Obs. Ca.lc. Percentage Obs. Cslc. Percenta.ge 

I, difference. 
!!· !_, difference. 

d, 
d, ~ d. r. 

Metbyl acetate 1'155 1'119 +3'21! 1'216 1'136 +7'04 

Ethyl o.cetRte 1'~15 1'164 +4'38 1'23!1 1'164 +4'14 

Propyl a.cet11te 1'256 1'227 +2'53 1'289 1'256 +2'63 

ilo-Butyl a.ceta.te •.• 1'2115 1'256 +3'11 1'829 1•290 +3'00 
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Aromatic 
Hydrocarbon. 

Benzene 

Tolllene 

X,lene 

Aromatic 
Hydrocarbon. 

Benzene 

Tolnene 

Xylene 
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TABLE VI. 

Aromatic Hydrocarb onB. 

Angle 70° Angle 65" Aogle 60"' 

Oba. Calc. Percen- Obe. Calc. Percen· Obe. Calc. Percen• 

d, I, tage 
dr I, tage 

~ I, tage 
diller- diJier- differ-

d~ r. ence. d. f, ence. d, f. ence. 

1'261 1"\381 -2'94 1"941) 1"986 -2'89 1'453 1"494 -2"74 

1"248 1"272 -1'8!1 1"941 1'359 -2"06 1"U!l 1'476 -2"90 

1"227 1'1!65 -s·oo 1"916 1'958 -3·oo 1"42'.1 1"469 -2"31! 

TABLE VI (continued). 

Aromatic Hydrocarbons. 

Angle 45° Angle 3(/' 

Obe. 

d, 
d, 

1"780 

1"740 

Calc. 

I, 
r: 

1'800 

1'f63 

1'739 

Percentage 
difference. 

-1·11 

-1'30 

-0"75 

TABLE VII. 

Aromatic Amines. 

Obe. 

!lJ 
d, 

1"933 

1"890 

1'890 

Angle 70" Angle 65° 

Calc. 

!.r 
I. 

1"989 

1"889 

1'661 

Percentage 
d.ilterenee. 

-0"06 

+0"05 

+1'56 

Angle 60° 

Aromatic llminee. Obe. Calc. Percen- Obe. Calc. Percen· Obe. Calc. Percen-

d, s tage d, r, tage 
~ I, tage 

differ· diJfer- dill&r· 
d, I, rnce. ~ r: a nee. d. I, ence. 

Aniline 1"321 1"388 -4"83 1'478 1'641 -4'09 1"647 1"714 -9"91 

Etby l !lniline 1'3l0 1"351 -a·oa 1'445 1"479 -2'30 1'680 1"696 -3"42 

Dimethyl aniline 1'313 1'354 -s·os 1'442 1'490 -3'22 1'603 1"644 -2'49 

Diethyl aniline 1'292 1"329 -2'78 1'H8 1'4111 -2'94 1'666 1'601 -2'19 

Toluidine .. 1"326 1'873 -3"42 1'478 1"518 -2'M 1'640 1'68i -2'50 

Dimethyl toluidine 1'278 1'313 -2'67 1"406 1"429 -1"61 1'686 1'557 -1'85 
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TABLE VII (continued). 

Aromatic AmineB. 

Angle 45" Angle 30" 

Aromatic &mines. Obo. Calc. Percentage Cbs. Calc. Percentage 

d, I, difference. d, I, dilrerence. 

d; I; d. 1. 

.Anilin~ 2'180 2'215 -1'58 2'453 2'439 +0'57 

Ethyl Anihne 2'065 2'062 +0'19 2"273 2"266 +0'\15 

Diwethyl aniline 2'088 2"073 +0'72 11"294 11'274 +0'88 

Dietbyl aniline ... 2'018 1'995 +1"15 2'195 2'175 +0'911 

Toluidine 2'153 2"153 +0'00 2"400 2'369 +1"31 

Dimethyl toluidine 1'942 1"913 +1'52 2'174 2'072 + 4"911 

Summary and Discussion of Results. 

From the tables it is clear that the calculated ratio of intensities 
I /I. is not equal to d,fd. in nil cases. This can be due to two 
possible causes : 

1. To an error in the value of the angle observed. 
2. To a variation in the refractive index of the liquid due 

to temperature or other causes. 

The observed difference cannot be ascribed to the cause (1), as it 
can be seen that nn error of at least more than 2° should be assumed 
to have occured to account for this difference. Such a large error 
in measuring the angle is not likely in the apparatus. The error of 
setting does not exceed 10' and it is readily seen that this small 
differenco will not appreciably chnnge the calculated ratio. This 
will be clear from the following calculations for propyl alcohol :-

12 

Angles. 

60°6' 

R11tio (I ,/1 ,). 

1'163 

1"153 

1'152 
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Any error in Lh~ re frncl iv!' indPx cnn only { ake plact' in either of 
the following ways : 

1. The temperatur<' not being constant in the course of the 
experiment. 

2. Thr' values of the refractive indices used may not be for 
the effective wave-lengths. 

3. Presence of impurities in the substance. 
As we hrtve meniionerl above the experiments were nll cnrried out 

in n double wallerl unrlergrounrl room whose temperature variution 
\Vas negligible r1uring t.he intervrrl of the experiments rmd further 
the refract ivo indices of the liquirls were determined immediately 
before use at room temperAture by the Abbe refractometer, whose 
temperature was kept constrmt by merrns of a water circulating 
arrangement ; hence we think thnt no error due to this factor was 
possible. 

As the liquids used in this investig&tion were extra pure 
chemicals of Kahlbaum or Merck, nnd in seveml cases special cares 
were taken to purify them, no error due to (3) is also present. 

The source of light used was the sflme throughout and the battery 
maintained a constant voltage all along. Prof. Raman, in a private 
letter, has kindly drawn our attention to the advisability of taking 
for the refractive index the value for the infra-red region, as the 
radiomicrometer has a maximum sensitivity for those rays. We 
give below the calculrtted values for ethyl and propyl alcohols and 
also for benzene using the refractive index for .\=1'028 and 
0'997 1-'-· 

Name. 

Ethyl 
alcohol 

Propyl 
alcobol 

,. 
1'028)< 
=1'3521 

19"·5 ,. 
1'028,. 
=1'3782 

TABLE VIII. 

Angle 70" 

Obs. Calc. Percen­
t,.ge 

d 1 I' diff~r­
lf; T.- ecce. 

Angle 65" 

Obs. Calc. Percen· 
tage 

d, I, differ-
d. 4 ence. 

Angle 60" 
Obs. Calc. Percen. 

to.ge 
d, 11 differ-
d. 4 ecce. 

1'088 1'057 + 2"93 1'096 1'074 +2'05 1"105 1'092 + 1'1~ 

1'105 1'106 -0'09 1'185 1'139 +4'04 1'191 1'172 +1"62 

Benzene, ". 997 ,. 1'261 1'279 -2'19 1'345 1'378 -2'40 1'463 1'488 -!!'35 

= 1'4823 
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TABLE VIII (continued). 

Angle 415" Angle SO' 

Oba. Calc. Percentage Obs. Calc. Percentage 
Name d, I, differ- ~ I, differ-

J; :r. ence. d. i; eoce. 

Ethyl alcohol 1"162 1"132 +2"66 1'184 1'182 +0"17 

Propyl aloohol 1'2!)6 1"256 +.'1"18 1"Sl8 1"326 -0"60 

Benzene 1"780 1"783 -0"17 1"932 1"967 -1"78 

Fresnel's Law seems to hold for reflections from liquid surfaces 
within limits o£ reasonable accuracy. There are, however, several 

points of interest. 
It is evident from Table VIII that the substitution of the 

values of refractive indices for larger wave-lengths chn.nges the vn.lues 

of I,jl, calculated on the Fresnel's Law in a manner that the agree­

ment between these values and those experimentally deduced 

becomes much closer. The differences in some cases, however, are 

larger than can be ascribed to experimental error even after the 

correct value of' p. in the infra-red region is taken into account and 

although the authors are not definite, they consider it possible that 
these differences may hnve a physic,tl meaning. 'l'heir reasons for 

suspecting this are the following: 

I. It is seen that the compounds having polar groups behave 

differently from those hRving no polar groups in the following 
respects:-

(a) In aliphatic compounds with polar groups the differences 
between the calculated and t.he observed vnlues nre always 

positive, i.e., Lhe observed valuo is greater than the calcu­

lated value. 

(b) In compounds with no polar groups in them the calcu· 
luted values nrc always greater than the observed values. 

II. It is seen that the diffcronces observed in the case of alipha­
tic compounds and uromutic amines, (i.e., those substances which 

have got polar groups in theln) nre nlwnys greater thRn those of 
aromatic hydrocarbons, which contain no polar group. 

III. In t.hc lwo nromulic Sl'l"ieR examinee!, namPly, [.Jw arom;,~tic 
hydrocarbon• and the amines, the Yalues of l,{I. observ~d nrc ttlw~ys 
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less th~tn the ~alculuted ones at higher angles o[ incidence. At 
smaller angels of incidence, the aromatic amines exhibit a positive 
difference which msy be due to the presence of at least one orientat­
ing radical in them. In the aliphatic compounds the observed values 
are always greater than the calculated values. 

IV. When compa.ring the mean deviation from the calculated 
values in the case of aromatic hydrocarbons and aromatic amines, 
the latter (which have a chance of assuming orientation) show always 
the greater deviation. If these small differences were due to error 
in experimentation they should have -very little chance of exhibiting 
the regularities shown above. 

Furt.her work on the subject is in progress and an apparatus is 
being devised for using a bright monochromatic light in these inves­
tigations. 

Investigations on the reflectivity of light from the surface of a 
colloidal solution are already under way and we hope to throw 
further light in the near future on the subject by trying various 
monochromatic lights from the ultra-violet to the infra-red region. 

UM1VEBBIT1 CHZMIOAL LABOIIATOII.IES, 

UNIVBII.BIT'i' OF TBE PUNJ£8, 

L.LBOII.B. 

Receioed. April 6, 1928. 


