fhture of wave surfaces in uniaxial erystals.

en a ray is incident on the surface of an anisofropie
- medium, it i3 refracted into two rays—ordinary and
e;ﬁré.ordinary. Hence Huygens supposed that the seconda'ry
; wave which is generated in an uriaxial crystal consists of twe
surfaces, one within the other. Laws of refraction are fully
obeyed by ordinary ray, and hence the secondary wave-surface
for this was assumed to be a sphere. As the extraordinary ray
does not obey the laws of refraction, the wave-surface for thiy
ray was assumed to be a spheroid (ellipsoid of revolution). Neg
double refraction occurs when the incident ray travels along
the optic axis of the crystal and hencel it was supposed that the
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heroid do nob quite touch at the optic axis, 1
toa phenomenon_ known as optical activity,

o Sl NG

~ Huygens' construction of wave-surfaces in uniaxial
tal and their verifications.

- Case 1—To show that laws of refraction are obeyed by
O-ray but not by E-ray.,

If a ray is incident on the surface of a crystal at a constant
angle 4, then due to the spherical nature of secondary waves
for O-ray inside the crystal, the direction of the refracted O-ray
should remain constant for all orientations of the axis of the
erystal. But for the sams incident ray, the secondary wave
surface for E-ray would be spheroidal and hence the direction
of the refracted E-ray would be different for different
orienfiations of the axis of the crystal. This can be demons-
trated by the following experiment. |

Bzperiment.—Several prisms of the same size are cut from
an iceland-spar so that the axes of different prisms are in
different direcions. These prisms are cemented together and
put on the prism fable of a spectrometer. When monochro-
matic parallel light from fthe collimator is made incident on
this prism-combination we see that ordinary light from all
prisms are in the same direction while the extraordinary light
om different prisms are in different directions. This proves

t ordinary light obeys, while the extraordinary light does
obey, the laws of refraction.

ase Il.—Section of the wave surfaces by the .plane of

ch remain perpendicular to the optic axis of the

n its surface.
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!’I,'he distance between two consecutive dark bands will then
be g:.van by.

A

B=x —x=°((“e s ... (7.20¢)

Similarly if ¥ and ¥’ be the distance of two consecutive bright
bands from the edge of the wedge we may write,

y_(2n+1) M3 y.=(2n+3) A2

L —po) e((p-e—-p,o) (7°20d)

Hence the distance between two consecutive bright bands is,
L
%(F"e el l"o)

Thus the dark and bright bands observed after transmission
through the analyser will be equispaced.

White light effect :—  the incident light be white then A
will be different for light of different colours which will make
or B’ different for different colours. Thus all the bands will
be eoloured excepting the band at the edge at which «=0. At

the apex or edge of the wedge we shall get darkness.

« (7.206)

- 6.21. Moaning of the terms ‘Optical activity’ and its

ity.—If a plane-polarised light be mdo




‘ .#e substances :
line of vibration of the incident light t

Demonstration—If we take two crossed Nicols whose
%oipal planes are at right angles to each other, then the field
~of the analysing Nicol (s.e. the second Nicol) would be dark.
' 'he light passing through the first Nicol, viz., the polariser will
ﬁ;s‘polarised whose vibration will be parallel to the prineipal
plane of the polariser. This light will be refused fransmission
through the second Nicol, viz., the analyser whose principal
plane is perpendicular to the direction of vibration of the
‘polarised light coming out of the polariser. If now a quartz
erystal enb perpendicular to its axis is put between the erossed
icols, then the field of the analyser at once becomes bright.
This shows that the direction of vibration of the polarised light
ident on the quartz, after Sransmission, has rotabed by a
in angle and has takep Up & new direction of vibration.
ponent of this new vibration parallel to the principal
of the ?nalyser Passes through it and makes the field of
bright. If the analyser is now rotated by a certain
wards right or towards left, then the

and aﬁ this stage, the principal

Perpendicular to the new

[ |




ane of polarisation by different substances, and establish
the following laws :—

(1) The angle (0) of rotation produced by an aective
substance is proportional ta the length (I) of the substance
braversed by the ray and is not affected by turning the substance
around, consequently the rotation will be annulled if the ray

is reflectied back through the substance,

Or, fel, when the active substance employed is remaining
the same.

(2) The combined rotation produced by two different
substances having different thicknesses is the algebraic sum of
the rotation caused by each separately.

(3) The amount of rotation (8) in the case of a solution,
is proportional fio the amount of active substance (m) present

per c.c. of the solution.

Or, @ < m, when the length ! of the solution is constant.

The amount of rotation varies with the wa’velength




produced by a solution Ol

Ghe :::a‘])Uml‘iiiﬁ‘zﬁw\ (when 3 ﬂ l‘ﬂ‘ﬁ& 10n ;
and ¥ th of lights the bempemm

lecular rotation is obtained by taking the product
the specifiec rotation and the molecular weight of the

Thus, molecular rotation is the rotation produced by a
solution of 1 decimeter in length containing 1 gm.-molecule of
active substance per c.c. of the solution.

The experimental determination of s will thus help
ing the molecular rotation.

us in

{.23. Fresnel's explanation of the rotation of the plane
polarisation by an optically active substance,

According to Fresnel, the optical
activity shown by quartz when light
bravels along its optic axig (44,) is due
to the fact that the sphere and spheroid
of O-ray and E-ray respectively do not
touch each other along the optic axis
[Fig. 7T]. As o result the two equal
and opposite circular vibration, to
Wwhich the incident linear vibration i




as follows :—
‘the incident
- vibration, which
18 oceurring along Y'Y’
Fig. 7U(a)], be repre- Fig. 70(a)
nted by, ¥=2a cos wi.
w This is equivalent to a left-handed circular motion
of P; given by, A
Y1=a cos #=a cos ot } e 72508
1= —a sin § =a cos (wt+x/2)
and also a right-handed circular motion of P; given by,
Y2 =0 cos  =a cos @} } (7.935)
%> =0 sin 0=a cos (0t —7/2)
Suppose the right-handed circular motion travels faster
within the active substance
i than the left-hand one.

7/
B - Hence, on emergence from
o

x’\ the substance we get,

SN P 2

Th BT Lon Bt } (7.93¢)

3 \ Zy'=—q sin @

[for L-motion]

/ yz'acos(0+¢));} (7.23d)
23 =a sin (0+¢

2/ [for B-motion]

Here ¢ represents the gain

of phase of R-mofion over

that of ZL-mo

X




8L uﬁon on emergence is linear ¢
' \inchned with the y-axis (which is
tion of incident plane-polarised light) by an
‘that 8 =¢/2=half of the phase difference ¢ between
emergent circular vibrations [Fig. 7U () ].
® and o' be respectively the velocities of the left and right
ianded cireular motion within the active substance (v'>>v) then
eir time-difference=t=(I/v—1/v") [where I=thickness of
active substance].
+» Phase difference between the two circular vibrations
is given by, ¢=%(1%"'017>' ['.' for periodic time-differ-
me T, the phase difference is 97.]

- Rotation of the vibration= 8-¢>/2— o

arl Tz
§ = cT(@—ﬁ) —(p1, — pzr) - (7.239)

‘Eere. P, and pr are respectively
® active substance for left and right h

the refractive indices of
anded ecireular motions.

s - 9% | o )
y o=m] ( \ A') [ e e ) S0 T-::}\']. (7.23h)
How wl A A
approx. [Taking, )\ = =A+ AX]. (7.28h")

rotation, varieg

inversely as the square of the
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| Fig. 7U(c)
Zﬂ'ow a right-handed circular motion travels faster in a
ﬁghﬁ-handed prisms but slower in a left-hand prism. Hence if a
right-handed circular motion enters a left~handed quartz prism

. 168 motion will be slower and it will be deviated towards the

normal but when it enters a right-handed quartz prism, its
motion will be faster and it will be deviated away from the
normal.

Suppose the linear vibration of a :plane-polarised light is
incident normally on the face AB of the right-handed quartz
prism ABC. This linear vibration will be resolved into two
equal but opposite circular vibrations which will travel slong its
. opfiic axis with unequal speed so that the speed of R-motion is
greater than that of L-motion. These two circular motions
~ when enter the second left-handed prism BCD, the speed of
" L-motion will increase while that of E-motion will decrease.

a result, L-motion will be deviated away from normal while
ofiion will be deviated towards the normal causing a sepafa-
een the two cireular motions,
when fthese two circular vibrations enter the third
ism ODFE, the speed of R-motion will increase
tion will decrease, due to which E-moti




dispersion.

ag to Biot, the rotation (#) of the plane of polari-
sn active substance will approximately follow
the relation, 6=A4-+B/A*, which
resembles Cauchy's formula for
normal dispersion. The relafion
between # and A ean be graphically
represented by a curve the nature
of which is shown in Fig. TV,
Suppose a light of wavelength
PFlg. 7v A from an illuminated slit 8, is
made parallel by s lens L, and is then polarised by a
Nicol P whose shorter disgonal is kept vertical (Fig. TW).
Thus the vibration of the light from P will be vertical. This
m is then cut off by another Nicol 4 (analysing Nicol) whose
‘shorter disgonal is therefore horizontal. Thus no light will
Pass oub of the lens Ly and the screen Sg will remain dark.

& quartz crystal C, whose axis is perpendicular to
’ interposed between P and A, then the polarised

will travel along the optic axis of (. After




