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of the two verniers. The above measurements, in this method, 
would appear as follows: 

ON FIRST FACE ON SECOND FACE 

Vernier A 33;")° 5/ ;2(}// 9[:;0 T 10"
 
Vernier n ;2 ;20 fj 10
 

~._~--

~) I3')-0 ,) 

­

Mean . ,J.) ;)0" fJi:;O W 55" 

Angle. 1:!oo 3' [)// 

The method of averaging the entire readings of the two 
verniers for each, setting should be avoided, as it is more 
cumbersome. 

CVII. ANGLE OF A PRISM WITH THE SPECTROMETER 

Measure the angle of a prism with the spectrometer by three methods. 

174. Adjustment of Prism. ]}1.ountinf! the ])rlsm. - Before 
beginning the work with the prism, the tlpectrometer tlhould have 
been completely adjusted, as described in the ;preceding exercise. 
These adjustments must not be disturbed while placing the prism 
in its proper position. 

Mount the prism on a support with three leveling screws, 
place it upon the spectrometer table with one face towards the 
telescope, and level the prism by inspection. For convenience 

it is desirable that the angle between the two 
lines joining one of the leveling screws in 
the base of the prism holder to the two 
other screws, should be th~ same as the 
angle between the two faces of the prisms. 
When this is true so place the prism on its 
support that each of its two edges shall be 

() l~ perpendicular to one of these lines joining F'IG. 8•. OSITION OF 

Pmsl\I ON STAND the leveling screws. Then (Fig. 89) the 
face A B can be leveled by the screw D 

without disturbing the level of the face -,1 C; and the face A C 

may be levcled by the screw P without disturbing the face A B. 
Before beginning the adjustment of the prism, it will be well 

to turn the table and telescope into all the several positions 
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which they will later occupy in making the measurements, to 
observe whether it will be possible to read the two verniers of 
the divided circle for each of the settings. Sometimes one ver­
nier may come under the collimator or telescope and oe inacces­
sible. 'This dimculty may usually be obviated by altering the 
direction in which the prism stands on the table. 

It should also be noticed whether in these positions the prism 
faces aIe in the l).lOst advantageous relations to the objectives 
of the collimator and telescope. The best position is not 
always that in which the prism holder is centrally placed on 
the spectrometer table. 

To ({((lust the Prism. - The two prism faces must be parallel 
to the vertical axis of the spectrometer table (or of the tele­
scope). Arrange the collimating eyepiece and light to observe 
the reflected image of the cross wires from the first face of the 
prism, as described in Art. 

·L
172. By turning the spec­
trometer tal)le and by alter­
ing the leveling screws in 
the prism support only, 
bring the reflected cross 
into coincidence with the 
direct image. The first face 
is then in position. Turn 
the spectrometer table till 
the cross wires are seen 
reflected from the second " 

face of the prism, and by 
the principle illustrated in FIG. 90. 

Fig. S0 adjust the second 
face. This should not have disturbed the first face; out 
reobserve the cross in the first face, conecting any displacement 
which may have occurred. Continue tlnu, until the reflected 
image from either face coincides with the direct image, when the 
prism will be in adjustment. 

175. Angle of Prism; First Method. Jvahou.t CollimaIing Eye­
piece; TaMe fi:l'ed, Telescope movable.-Phce a light, L (Fig. 90), 

ANCLE OF Plmm - METHOD I 

~.~ 
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to illuminate the slit. Turn the prism P with its refracting edge 
toward the collimator C, elividing the beam of light, part falling 
on one face of the prism and part on the other. The eX<1ct 

position of the prism is 
not important. Clamp 
all the movable parts 
of the spectrom eter 
except the telescope. 
Set the telescope in 

'~ the position 1'1' on the 
T2 

• f I sI'It re-Image 0 t 1e 
flected from firstFIG, !n. RELATION OF ANC LES -1fwl'1I0n I . f the 
pnsmace. Read the 

two verniers of the divic1etl circle, as explainetl in Art. 173. 
Turn the telescope to the position 1'2' and set on the image of 
the slit reflected from the secon(l face. 

The angle through which the telescope has been turned is 
twice the prism angle. For (Fig. 91) it has moved throllgh the 
angle b + A + c. It is evident that the three angles II are all 
equal, and the same is true of the three 
angles c; also b + c is equal to A; therefore 
b + J1 + c = 2 -<,1, twice the prism anglo. 

176. Angle of Prism; Second Method. 
TVitlwut Oollimat£ng Ey(,pl:ece)' 'lhblc })/OV­

able, Telescope jiJ.:cd. - Turn the telescope 
of the spectrometer as near to the colli­
mator as is convenicnt, amI clamp all parts 
except the table. Illuminate the slit. Rotate 
the table until the image of the slit, reflected 
from one face of the prism, is set on the .L 
cross wires of the telescope (F'ig. 92). Reaa 
I ' 1 'b, l~' A 173 :FlC;. !l2. ANGLE OFt Ie two VerIllerS, as c eBcn et In '. rt. '. J'.. 1\1 II 

IUf;nt - ETI[()DRotate the table to bring the second prism
 
face into position to reflect the image of the slit to the cross wires.
 

The angle through which the ta1Jle has been turned is the sup­
plement of the prism angle; for in the first position the normal 
to one face bisects the angle between the axes of the telescope 

. :_U... r•. 

1
 2()qANGLE UF A 1'1USlYI ;);) 

and collimator, and in the second position the normal to the 
other face is turned to this same direction. The angle between 
the normals is the same as the angle between the two faces 
(Fig. 93), but the table has clearly been 
turned through the supplemcnt of this 
angle. 

177. Angle of Prism; Third Method. 
TV£th Coll£matin[j 10Jcp£ece)' either Tele­
scope or lhble fixed, . the other bel:Jlg 
movable. - Clamp the telescope, ana 

.. Frc, 93. RELATION OF 

arrallge a light, the colhmatmg eye- AJ\;GLEs-MBTHODslIANDIII 

piece, and the prism, to obtain the 
direct ana reflectea images of the cross wires (Fig. 94), as 
described in Alt. 172. Secure coincidence between the two 
images by rotating the t<'tble only, which is possible if the adjust­

ments have not been aisturbed. Head 
the verniers; rotate the spectrometer 
ta:ble till coinciaence between the direct 
and reflected images of the cross wires 
is secured with the second prism face, 
and again read the verniers. 

From Fig. 93 it is clear that the table 
has been turned through an angle which 
is the supplement of the prism angle. 

L If the table is fixed, the telescope may 
be turned from one coincidence to the 

Cl4 A r . other, in which case the light must alsoF IG. ". NGLE OF In~1It 

_ METHOD III be moved; or the spectrometer may be 
turned on its base, the telescope being 

held during the motion. This will avoid moving the light, mEl 
may keep the telescope in a more convenient position. This 
third method for measuring the angle between tw 0 reflecting 
surfaces is the most precise one. 

....d·.... 1r'4t"'~ ~.••;;; . • .~ 



CHAPTER XVI 

INDEX OF HEFRACTION 

CVIIl. INDEX OF REFRACTION BY MINIMUM DEVIATION 

Find the index of refraction of a prisnl for sodiulll l1gltt. 

178. Index of Refraction. -Light moves with different veloci­
ties through different media. The ratio of its veloeity in vacuum, 
in which its velocity is greatest, to its velocity in any other 
medium is the aA'Jol1de inde.1J of r0fraction of this medium. It 
is not practicctLle to compare these velocities directly. 'Vhen 
light P,LSSCS .from one lllexlium into a second, its direction of 
propagation in the second medium as compared with its direc­
tion in the first is a function of the angle of incidence UpOll the 
bounding surface and of the indices of refraction of the two 
media. If i is the angle of incidence, r the angle of refraction, 
n 1 and n 2 the indices of refraction of the two media, then 

Sill r = ~ini '!!.J. 
1/ 2 

In laboratory meaSllrements the first medium. is uSllal1y air; if 
the index of refraction of air is takell as unity, the rela,tive index 
of refraction of the second medium is 

SIn 't 
n= -.--. 

BIll I' 

In the particular case of light passing through a prism in the 
direction of minimum deviation, the relative index of refraction 
of the prism is 

n = siJl.~~~(,--"·_1_+_]).!-) 
sin &A ' 
234 
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where D is the angle of minimum deviation (Art. 179) and A is 
the refracting angle of the prism (Art. 175). 

The index of refraction of a liquid may be determined by 
this method, the liquid being contained in a hollow prism having 
sides of plane-parallel plates which will have no deviating effect. 

If the index of refraction of a second medium relative to the 
first is multiplied by the absolute index of refraction of the first 
medium, the result is the absolute index of refraction of the 
second medium. The absolute index of 

Lrefraction of air at 20° under nonnal 
pressure is 1.0002773. 

179. Angle of Minimum Deviation.­
The spectrometer and prism are to be com­
pletely adjusted by the methods described 
in Arts. 172-174. Illuminate the slit 
with the kind of light for which the index 
of refraction is clesired, and so place the 
prism and telcseope (Fig. 95) that the 
spectrum is visible in the telescope. For 
finding the spectrum, a luminous flame is 
desirable, as it gives a bright, continuous 
spectrum. Even when the sodium spec­

Fw. DG. :MINHIUM: 
trum is to be examined it is not necessary 

DEVIATION 

to use the Bunsen flame; a borax bead,
 
placed in the luminous gas flame, gives bright yellow sodium
 
lines in the continuous spectrum, which are very convenient
 
for observation.
 

Having found the spectrum in the telescope, rotate the prism, 
following the motion of the spectrum with the telescope, in such 
a manner as to cause the deviation D, of the light by the prism, 
to have the least possible value. This position of the prism is 
a definite one, and is readily found by trial; a rotation of the 
prism in either direction from this point causes the deviation 
to increase. Set the telescope on the sodium line when the 
prism is at this turning point of minimum deviation. 

Turn the prism (not the divided circle) on the table so that it 
produces deviation on the opposite side, as indicated in Fig. 96, 

~!i" i~l]i-,:::.=-::---=.---::-.=-::-::----=-"'" 
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and set the telescope on the sodium line when the prism is 
adjusted for minimum deviation as "Lefme. 

The angle between the two positions of the telescope is twice 
the	 angle of deviation D. In making the circle readings, use 
the two verniers as uescribecl in Art. 173. 

Instead of finding the deviation on the second side, the prism 
might have been removed after the first settillg, and the tele­
scope sighted directly on the slit through the collimator. Then 

the	 angle uet\'v'een the two posi­
L tions of the telescope is the angle 

of lllinimum deviation. The first 
method is prefemLle. 

CIX.	 INDEX OF REFRACTION 

WITH A MICROSCOPE 

Determine the imlex of rdr:Lction of it 

piece of plate glass, and of \vater, 
aleohol, awl carbon 1>it:;ulphide, using

,/~~;~ a miGrosGope. T , ' ,/ , , 
/<;:'~/ 180. Index of Refraction with a

+.'~~:'/ FIG. fla. SECOND
 

,,~ POSITIOK FOI: ::\cl1"1IMUM
 Microscope. - A ny transpa,l'ent sub­
DEVIATION stance which can he put in the form 

of a pla,nc-parallcl plate of suitable 
thickness may have its index of refraction determined ,vith an 
ordinary microscope, with an accuracy givillg two or three deci­
mal places in the result. The objective of the microscope must 
have such a focal length (working distance) as to permit an 
object to be seen through the plate. The accuracy of the result 
is increased by using a) plate of the greatest possihle thickness 
together with a microscope objective of the shortest focal length 
that will permit observation through the thick plate. 

Let c (Fig. 97) be any object, as a fine scratch on a piece of 
glass, over which is placed the plate of thickneAs t whose index 
of refraction is desired; and let cam Le the path of a ray of 
light through the plate and air to the microscope when the 
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latter is accurately {OC11S0(1. The light enters the microscope 
as though it had come from the point b; that is, the plate has 
apparently elevated the object from c to b, represented bye. 
The angles of incidence and refraction arc represented by i and r 
respecti vely. From the Jlgnre it is evident that, in the triangle 
abe. 

ac sin i 
-=--=n av sin r ' 

the dosiret1 index. But in actual microscopic observation the 
distanee ao is vcry small as compared with ab and ac, and 

ac . oe t
--1 = (~1pP],oxllnately) ~ = -- ;
a)	 UU t - e 

to this degree of approximation, then, 

t 
n=--. 

t -- e 

The thickness, t, mfty he measurel1 with calipers, and the 
apparent elevation, e, of the o"Ljoct by the plate is measured by 
noting the difference beLween 
the two positions of the mi­
croscope "Lody when it is 
focused on the object uncov­
ered and OIl the 0 llject cov­

m 

o 
en~d by the plate. For 
measuring this distance a t~e 

:scale may be fastened with	 I 

b ..wax to the stand of the mi­
I 

croscope, and a necdle for a e 
pointer to tho body tnlJe; or 
the fine focusing scrow, if of 
known pitch, may be used. 
If H18 pitch is unknown _ 

, FIG. !II. I?\DEX OJ.' l~EFIL\CTIO~ WITn 

both the thickness of the A ~I1CI:O!'COJ'I'; 
plate and the elevation may 
be determined in torms of turns of the scrow, giving the index 
of refrlwtion as lldore. The thickness may be measuret1, in 
tho first case, 1J.Y focusing upon the uncovered aLject and then 

LI.-lil-''1:;'Ii ---... ~--
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point of the scale under the cross wires. Rotate the plate about 
an axis perpendicular to the plane containing the line of sight 
and the scale; the scale will appear displaced, the point x now 
being seen under the cross wires. Let d be the amount of this 
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upon the upper surface of the plate when it is in position, in 
contact with the object. 

If the plate has scratches or other marks on both surfaces, 
and the thickness t has been measured with calipers or otherwise, 
it is only necessary to focus upon the top surface and upon the 
lo~er surface through the plate, noting the depression d of the 
microscope. Then the index of refraction of the plate is 

t 
n=-. 

d 

In determining the index of refraction of liquids, a crystallizing 
dish is convenient for the receptacle. Make a fine mark on the 
inside of the bottom of the dish. Focus upon this, and let the 
scale reading be r1; pour in the liquid to a depth as great as 
will allow the mark to be seen through the liquid, focus, and 
let r2 he the reading; focus upon the upper surface of the liquid, 
which may he indicated by some floating particle, and let r s be 
the scale reading. Then the index of refraction is, as before, 

n =	 r 1 - r 3 

r2 - I's 

CX. INDEX OF REfRACTION BY DISPLACEMENT 

Determine the index of refraction of a thick plane-parallel disk of glass. 

181. Index of Refraction by Displacement. - A thick plate 
with two plane-parallel surfaces, such as a glass disk, lllay have 
its index of refraction determined hy the following displace­
ment method. The measurements may be made with simple or 
with more elahorate apparatus, according to circumstances and 
the precision required. 

Let a telescope be set to view a divided scale, S, iJl the direc­
tion VS (Fig. 98). Set the plate whose index is desired between 
the telescope and scale, with its plane faces perpendicuhtr to the 
line of sight. This condition is secured with sufficient accuracy 
by observing with the telescope that there is no apparent diN­
placement of the scale seen through the plate. Let S be tlw 

lr_!~ 

displacement, t the thickness of the 
through which the plate has been 
turned. The angle of incidence of 
the light on the plate is i, and the 
angle of refraction, r, is to be found. 
vVithout detailed explanation it is 
evident that the following equations 
are true. 

tan r ___ eb = cb - ce 
t -t 

= tan i _ d 
teas ( 

The index of refraction of the plate 
IS 

sin i 
n=-.-. 

Slnr 

plato, and i the angle 

l
i,!1I'

I' 

Iii 

v 
The rotation of th~ plate may be FIG. as. DISI'LACEME1\T BY II 

HEFllAC'l'lONmeasured with a protractor, or by	 Iii
II 

ph-wing the plate on an engineer's transit, or on the table of a 
goniometer or ~pectrometer. 

III 
III 

!II 
I, 

CX!. INDEX OF REFRACTION BY TOTAL REFLECTION 

Determjne by Kohlrausch's method the index of refraction of a crown 
glass plate jlllllll'rsed jn carbon bisulphidc, of turp(~l1tine in a glass 
box, of a drop of Canachi balsam, ami of water by the jIllmersioll 
of an air-filled box. 

182. Total Reflection. - Light moving in one medium whose 
index of refraction is N to the surface of another medium of 

II 

I 
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