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،SUMMARY

When a z-cut cicular quaItz wedge, coated on botl surfaces wvitH
a highy dielectric reflecting surface and excited electricly by a cer­
tain type of electodes, the internal inteItercnce finges of consideIab!e
dispersion are disturbed and bluIied upon those portions of the wedge
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specimen showving vibrations of longitudial tpe in the form of nodes
ad antinodes. 'Tle dipersion should not be high, otherwrise, thre
is always the very real possibility of mniscing nodal regions, but this
i not the case when a consideIable number of fIinges coer the wlole
field of viewv.

It has been proved expeIimentally that our pevious use of mul­
tiple beum Fizeau fIinges in which the fringes ae distubed and
blurred upon those portions of the face5 wlich enjoy a normal displace­
n1ent, ie. motion in thc up and domw dircction at oscillation, poved
to be more complicated than those pIedicted theoreticAlly. Bxpei­
mentlly, thIose vibrations werc coupled to flexual modes, whil= the
oscillating intemnal inteIference mode hare proved to aglce veIy well
with the modes predicted theoretically and the coupled flexuNal vib­
Jations do not show any effect in those patterns. So the method cn
be taken as a much mnore satisfaetoYy way for the scparation cf tle
longitudinal modes under studies fiom the coupled flexural mocle3.

1ntcrference of liglt effeete jro» thc to crstal faccs :
Fo٤ sucl interference, owing to the geat patl diffe1'ence betreen

succdssive beams, the monoclromnatism and paallelism of the incicen­
tal illumination are critical, necessitating : lov pessuIe meIcuIy arc
source and a very small apelture at the focus 0f the collimater lens.
For nomnorAl incidence tle fiinges are localized i a pLAne though
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the intersection of the interferometer surfaces perpendicular to the
liglt beam. For small gaps any slight deviation from normality has
a negligible effect on the phane of localization, but in the present case
he line of intersection of the surfaces may bea few meters aray fromا 
the specimen, so that a very small deviation from normality shifts the
plane of localization by several centimeters, tlus preventing the fringes
and the specimen from being focussed upon simultaneously since the
crystal must have a finite wedge angle to secule a suitable fringe
dispereion, the crystal used for most of tle expeIiments did not fuLfil
the cRitical conditions for obtainig sharp fringes, owing to its large
thickess (2 mm.).

For intennal interference, the optical path difference bebween
8uccessive beams depends on both the thickness and refractive index.

On•٠٠ و ي• vibration, the change in this path diffErence i8 ,
2/8t+ر t) = 2t68(2 ر

.being the YefIactive indexر 
Consideing first an isotopic body, the effect of stress is to make

it birefringent. Rence the fringes split intc two components for
which the refactive indices are

٣+(K(P+@)-C(PG=٣ ر

K(P+@))@--- س +C (P=٣ و

(1)

(2)

where P and @ being the pincipal stIesses and I and C are stress-optic
coefficients.

F'or the type of vibation considered in this work, the change of
thickaess is

2 hz = h(P-@) X const.
s0 that the clanges of the patl diffeneuce between successive beams are

@(2h K'(P +@)- C(P=8(2 ر)ناس
(2h K'(P4@) + COP-G=8(2 و)ام

The motion of the fringes may be visualizod as a bodily displace­
ment proportional to P-+0 (and to the surface displacemnent) with an
additional splitting of the fringe pLoportional to PG.

IfP@ = 0, the ftinge is split symnetrically while if P@ = ٥,
tl1e fringe does not split but is merely displaced. Since the effects
due to both the change of thiclaess and the sum of the principal stres­
ses are additive, the bodily displacement of the fiinge will usually be
lArgo compared with the splitting.
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Consider now the particular case of quartz cut noTmal to the optic
axis, certai difficulties arise. When the quarta is stressed, an anلa y­
sis of the itensity distribution of the broadened fringes is complicated,
due to the combination of rotatory power and birefringence.

In an uصstressed z-cut plate, each plane polarized element of an
incident unpolarized beam suffers a rotation on each passage th'ough
the crystal which is annulled whenever it is reflected in the reverse
direction, so that the multiple beam due to each element, are in a con­
dition t interfereم in the normal way. Lf the plate is now subiected
to a static isotropic stress, so that P4ي=٥ , in the xy-plane, the
meAn refIactive index alters, but due to the relation between the
stress-ptic coefficients in quartz, it does not become birefringent in
the z-direction and so the fringes are unaltercd ecept for a shift
proportional to P-@. If now the alternative state is considered in
mhieh P4 is finite but P -+@ is zero, whatever the effect of this
stress, the resultant fringes will be symmetrical about their original
positions.

The general case, in whieh P and 0 have arbitrary valwes iلا a
supeiposition of tLese two effects. It seems likely therefore, that the
general appearance of the fringe pattem wonld be somewhat similar
to the isotropic case, although the polarization state of the emergent
l:ght is uncertain.

The effects due to the magnitde of the sum of the principal
stresses will be regarded as the primary cause of the observed tringe
shift and other effects will b regarded as modifying influence.
Symmetrical modes (n = o)

(a) 'Type (A) the nodal system is thaنt summanized i table (1).
The radii given there are those at which the sum of the principal
stesses, the areal diatation and the normal displacement all vanisl.
Nowv any fringe splitting effects are due to the difference between the
prineipal stresses, and the radii at which this is zero have been give
in TaLle (2). Since the roots of J@kr), apart from the first are near
to those of ،J,(lr), it follows that the nodes, apart fom the fiIst, should
be fairly elearly defined.

Tig. (1) shows the firet mode of the specially worked 2.0 mm.
crystAl. There is, in fact, venyy little evidence of any fringe splitting,
evon for the first node or indeed anywhere on the whole surface. THe
nuodal radii agree Wvell with the eRpected walues.

We compare the fringe displacement observed by simple inte1fe­
renee with tlat due to itennal interference, hoWever, as tho former
fringe displacement is extremely small compared with the latter.
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Fig. (2) shows the twvo types o1 interfecnce simultaneously for the
A.1 mode. This was achieved by 1esting the doubly coatcd crystal
on the similarly coated 1efercnce flat. It is seen that for a substan­
tia] displacement of the internal interference friges, the displacement
of the simple interference fringes is negligible.

The ehange of mean path difference between successively reflected
beams, due to the stess-optic effect is found to be about 2.5 time that
ue to the change of thiclcness of the crystal. The change of the
optical thiclness of the crystal is about 3 times the displacement of
eithe1 suface Yelative to thc mecia plae. Hence it follows, that
the ،displacement of the internal interference fiinges is more than 10
times as geat region.

(b) Type (B)

Here (P+@) = ze0, so the movement of the fringes is entirely
due to the birefringent effect. The fringe splitting is symmeticall
about the Iest position and the fiingcs should be completely undistur­
bed where PG = 0 which occus i the isotropic 1egion, where
nodes are thus found fIonn the xooأ s 0f J (l,) and coincide ith the
zero ordeY stress finges.

Figs. (3 and 4) show the experimental patteIn foY the B,0.3
modes of the 2.0 mm. crystal. The obseIved nodal Iadii aglee well
ith the theoIy. There is howcve1, some evidence of fringe doubling
showing that the fringe splitting is not quite symmetiical and irply­
ing that (P-+ G) is not zer0.

The general appearance of the oscillating fringe envelopes for his
modes is little diffeient from that of simple inteIfe1'ence fringe en-
7elope9.

Type C modes :

(a) n= 1 modes. The nodes of (P -+@) consist of a single
diameter and a numbe1 of circles. Figs. (5 and 6) show the observed
pattern for 2.0 mm. crystal. These weRe are the only modes strong
enough show ما any notictble tringe displacement. 'The v8.lucs of m
re 0,1 and 4, respectively ( The nodal rdius fo1 m =4 agrees wellة 

with theony).

(b) n= 2 modes, IIere tlere a'e two diametical nodes and vari­
-ous ciIcula1 nodes, the radii laving aleidy been given in Table (3).
These.modes were more 1eadily excited tlan the n = 1 modes. Figs.
(T and 8) show the mades for which m = ٥, 2, 3, 5 and 7 1espectivcly.
THe noda 1adii fit the thteoretical values veyy wel.
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TAILE 1

T,pe (A) Motes
Iadii f manes of narnal displacenent

،  حدتدتح-تت---ب-

m 0 1

(ka) 1.99 5.362
r, 0.٠49
 و

٢ و

r,

2

6.552
0.201
0.645

3
 يي

11.717
0.209
0.471
0.739

4

14.873
0.162
0.371
0.502
0.793

 --د-=.ة٠ -:لذ---سيدي---د---ب-

TADLE 2

 ر د ي ،

Iype {A) Moaes
ladii of aero order stress fringes

 د»»دد»د

m 0 1

(k) 1.939 5.362
r0 ر 0
r 0.958
r

٢ ي

rو 

 د

2 3 4
٣٣8y.:.8 ذ 11.717 11.£73

0 0 0
0.600 0.438 0.345
0.904 0.718 0.566

0.992 0.781
0.995

 د ر٣كيد يد

TABLE 3

T'ype C, n = 1 Modes
Radii oT te Cirealar Modes of tle Torلa Dislacemnent

#

4
٢

 جسد
m 0 l

(ka) 1.713 3.537
٢٤ 0 0
r.
rو 
r,

 ي ي ي «ي ي ي

 عد
2 3 4 5 6 7

4.452 6.512 6.936 8.668 10.080 10.769
0 0 ٥ 0 0 ٥

0.061 0.550 0.552 0.4442 0.380 0.356
0.809 0.686 0.651

0.945
 »»،د ««ي، ء ء يد
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Iig.1 Fig. 2

Fi3م. Fig. 4
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Fi¢ 5 Fig. 6

٤ig 7 Fig. 8


