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lesser refractive index, n, will be totally reflected when the 

angle of incidence is such that its sine is greater' than ~. If 

the limiting value, ep, of the angle of totalreilection is observed, 
and the index of refraction of one substance is known, the 
other index may be found from the relation 

n 
sin ep = N' 

Various instruments using thi::; principle have been devised, 
\vhich permit the determination to the fourth or fifth decimal 
place of the index of refraction of any liquiJ, and of such 
solids as have indice::; less than the inllex of a liquill used in 
the apparatus. It is especially useful for li(juids in small qU<LU­

titie::;, for soElls in thillplates or in powdered form, for crystals, 
for bodies with only one small reflecting face, and for opaque 
bodies. vVhen the face of the body is of small reflecting power, 

or i::; only approximately flat, the 
methoJ is still applicable. 

183. Total-Reflectometer (Kohl­
ram;ch). Solids. - The hody to be 
investiga,ted is SllPl)Ol'teu in a 
small ilask filled "with a liquid of 
large awl known refractive index. 
Such liqnids are C(l1,hOll hisulpllide 
(1.G3), a-bl'olllollaphtimiene (loGS), 
and metl]yl iodide (1.74). The 
index of the lilluid may he deter­
mined from tables or with a hollow 
prism and the spectrometer, as 
descrihe(l ill Art. 178. The sup­
port of the hotly passes through:FIG, 99. TOTAL-HEFLECTOi\lETEIt 

the center of a divided circle and 
is provided with centering devices for placing the face of the 
body in the axis of rotation, as shown in Fig. 99. 

The front of the flask is a plane-parallel plate through which 
a small telm;cope may receive light rcfleuted from the body. 
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The telescope should be perpendicular to the axis of rotation,
 
a11tl the face of the hody anu of the flask parallel to this axis.
 
A Gauss eyepiece or a collimator is provided for facilitating
 
these adjustments, which m[1,y be
 
made accoruing to principles ex­

plained in Art. 172.
 

The flask is illl1minrtted by sodium L 

light, L (Fig. 100), awl by the inter­
position of a piece of oileu tissue 
paper, (liffused light from many 
directions ,yill £<tIl upon the bOlly. 
All rays having a smaller angle of i11­
ciJence than the angle of total reflec­
tion (rays 1 and 2) will be partially 
refracted and partially reflected, 
while all mys having a greater angle 
of incidence (3 and 4) ,yill lm totally 
refleded. By tnrning the support of the body, the dividing 
line corresponcling to the angle of total reflection may be 
brought to the center of the field of view of the tele::;cope. 
When this position has been found, a condensing lens may be 
employed to increase the illumination. Read the position of the 
body as inclieate(l by the divided circle. Illuminate the opposite 
side of the flask, and rotate the body until the limiting angle 
for this position is observed. The difference between the two 
positions is twice the limiting angle, ep, of total reflection, and 
the ilHlex of refraction of the uoely is 

n = .lYsin ep, 

.LV ueing the index of the liqnid. 
The index of refraction of carbon bisulphide is ] .G277 at 20°, 

which changes 0.00080 per degree, ueing less for higher tem­
peratures. The Ijght may he placed forty 01' more centimeters 
from the flask, and a screen ,vith a glass-covered aperture may 
he used to protect the liquid from the heat of the flame. 

Lifjuids. - If a solid plane plate having a known index of 
refraction 11, is suspendeq. in the liquid of unknown but greater 
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dark. If J.V is the index of 
the glass prism, the index of 
refraction of the liquid in the 
cylinc1er is 

3 
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N 
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11, = -VN2 ­ sin2 a. 

Tables are usually provided 
which for a given prism show 
the values of n for given 
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index N, and the angle of total reflection is observed, the index 
of refraction of the liquid is 

N=~~. 
sin <p 

If the Equid has an index less than tlmt of the solid plane­
parallel plate, the plate is to be so immersed that there is 
a film of air behind it. This is secured hy making the plate 
one side of a small box. The index of the plettc sllOuld be 
large, hut it need not be known. l\faking the observations 
as beforn, t1Jc index of refraction of the liquill in which the 
Lox is immersed is 

N= 1 
sin <p 

If the glass box is immers8(1 in a liquid of known index, 
less than that of its plane-parallel sl(le but grcatcr than that of 
an unknown liquill, the index of the latter may be determined 
by filling the box with it and proceeding exactly as for the 
index of a solid. If only a small (luantity of the unknown 
liquid is avaihtble, instead of filling the box \vith it, a single 
small drop placed on the inner surface of the plrme-parallel 
plate suffices for the experiment. 

Orystals. - The refraction of a crystal can only be described 
with the aid of two, or sometimes three, indices of refraction. 
In order to (letermine them tIle llircction of the axis of the 
crystal must be known, and then the limiting angles of reflec­
tion corresponding to the various indices may he distinguished 
with the aid of an analyz,ing Nicol prism. The method of pro­
cedure is described in special treatises and ill the references. 

HEFEREXCES. - KohlT((lLs('h, ]'l!ysical J'v[nasllrl'mpl1ts, p. 1111; Leiss, Die 
optischcll Instrulllenta, pp. [)2-G1 ; Drll!lc, Tlwury uf Optics, }lJl. 3:30-344. 

184. Refractometer (Pulfrich). - This instrument uses not 
total reflection but refraction at grazing incidence. A glass 
prism of known index of refraction, greater than that of any 
substance to be investigated, has ,1,ttached to its horiz,ontal 
face a, glass cylinder to contain the 11(lUid to be tested (Fig. 101). 
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Behind the instrument in the plane of the prism is placed a 
sodium light, ,,-hich is condensed upon the surface of the prism 
through the cylinder of liquid. The rays at grazing incidence 
will be refracted at the angle of total reflection, while all other 
rays will be partially refracted at less angles and partially 
reflected. A telescope rnoving in a vertical plane about the 
axis of a <1ivided circle measures the angle of emergence a by 
being first set normal to the vmtical face of the prism (Art. 
172), and then so that the field of view is half bright and half 

values of a. The index of refraction of w:1,tcr may be measured 
to show that the circle and prism are properly set. For water 
at 20°, n = 1.3332. 

The index of refraction of liquids varies considerably with 
the temperature, hence the temperature of the observations 
must be noted; usually this should be made 20°. If the room 
temperature is higher than this, the liquid may be cooled a 
small amount, and the observation made when its temperature 
passes through 20°; and vice versa. 

The cylinder may be surrounded by a hollow case through 
which hot water or steam may be passed, or a coil of wire carry­
ing a current of electricity may be used, and the variations of 
the index of refraction with temperature, or the index of a sub­
Rtance which is tn111Rparent only when melted, may be thus 
jllvestigated. In these cases a correction to the index of the 
prism is required. 

A partition of black glass may be cemented in the cylinder, 
dividing it into two cells, permitting the convenient measure­
ment of the differential refraction of two liquids. 
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A solid substance may be investigated if it has two surfaces 
approximately at right angles, one of which is plane and well 
polished, and the other polished sufliciently to transmit light. 
The edge in which the surfaces intersect must be perfect. The 
plane face is joined to the surface of the prism with a liquill of 
high refractive index, the CJlinder being removed if necessary. 
The index is then determined as described above. 

If the solid is in the form of powder, its index of refraction 
may be determined with moderate precision, provided its index 
is intermediate in value between that of two available liquids 
(alcohol, ether, or acetone, 1.36; benzene, 1.50; a-bromonapbtha­
lene, 1.65) which when mixed will not dissolve tlw powder. The 
cylinder of the refractometer is filled with the pow(ler and the 
mixed liquids; the proportions of the latter are so altered that 
the index of the mixture is the same as that of the powder. 
If the index of the liquid is too great, a bright hand appears at 
the boundary between the light and dark parts of the field of 
view; while if the index of the liqnid is too small, the boundary 
is indistinct. vVhen the mixture of the liquids is correct the 
dividing line indicating the limiting angle is quite sharp, a.nd 
then the index computed is thn,t of both solid anu liquid. 

REFERENCE. -Pulfrich, Astrophysical Journal, Vol. 3, p. 2£)D, 18DG. 

185. Crystal-Refractometer (Ahbe).-In this method a hemi­
sphere	 of glass is substituted for the flask of liquid of the 

Kohlrausch method (Fig. 102). It 
n~fluires but a small quantity of li(]uid 
to join the crystal to the flat surface 
of the hemisphere, and by rotating the 
hemisphere on an axis perpendiCUlar 
to the surface of the crystal it per­
mits a convenient observation of the 
relations of the several limiting- curves 

FIG. 102. CUYSTAL- f t 1 fl· I' ,~ ·1.1 
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to adjust the surface of the plate as 
accurately as in Kohlrausch's method, and the construction 
of the hemisphere and its adjustment introduce dimculties. 

THE HEFltACTOMETER 245 

11'1urthermore, it is not so well adapted to the investigation of small 
and imperfectly reflecting surfaces. It is used according to the 
principles explained for Kohlrausch's method, and is applicable 
for a solid whose index is less than that of the hemisphere and 
of the liquid with which it is joined to the hemisphere, and for 
any liq uid with an index less than that of the hemisphere. It 
lllay be used with light at grazing incidence, or by total reflection. 
The reference lllay be consulted for the method of use. 

HEFERENCE. - Leiss, Die optischen Instrumelltc, pp. 38-49. 
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