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David L. Bradley
ABSTRACT

The photoelastic constants of synthetic sapphire were
determined by combining both static and dynamic measurements.
Procedures for obtaining photoelastic constants in rotated
coordinate systems, corresponding to specific orientations
of the sapphire crystals are outlined. The ratios of photo-
elastic constants are measured by analyzing the polarization
of the first order diffraction pattern produced by pure
longitudinal ultrasonic waves. The differences of photo-
elastic constants are obtained by applying a known stress
to the sample and measuring the phase difference of the light
with a Babinet Compensator. Values of the strain optical and

stress optical constants are tabulated.
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INTRODUCTION

Photoelasticity, the phenomenon of double refraction
accompanying mechanical stress, was discovered in 1815 by Sir
David Brewster. Early work in this field was carried out by
F. E. Neumann, who was the first investigator to systematically
develop a theory of double refraction due to a stress. G. Wertheim
was the first to experimentally verify the laws of photoelasticity
for homogeneous stresses in glasses (1).

Other investigators contributing to the early work in
this field were J. Kerr, who experimentally found the first
reliable values for the stress-optical constants, and C. Maxwell,
who proposed essentially the same theory as F. E. Neumann.

In 1889 and 1890, the elementary theory of double re-
fraction was extended to crystals by F. Pockels (1).

Early investigators were limited in their measurements
of photoelastic constants to static measurements. A relative
change in the optical path length could be measured by applying
a stress in a given direction and measuring the difference in
optical path length with a Babinet Compensator for light polarized
normal to the stress direction and light polarized parallel to the
stress direction. The difference in optlcal path length is pro-
portional to the difference of photoelastic constants. Absolute

changes in optical path length were measured using interferometric



techniques. An absolute change in optical path length is propor-
tional to the photoelastic constant for that direction.

In 1932, the discovery of the effect of an ultrasonic
field on light passing through a transparent material led to
an entirely new method of determining photoelastic constants.

H. Mueller, (2), (3), (4), developed a theory of the diffraction
of light by ultrasound in isotropic solids. Mueller's theory

is an adaptation of the theory of the diffraction of light by
ultrasound in liquids by Raman and Nath (5). Mueller's theory

was experimentally verified by Hiedemann. Narasimhamurty (6)
investigated the photoelastic constants of uniaxial and biaxial
crystals, following the suggestions of Mueller. Photoelastic
constants of isotropic solids and crystals may be studied using
static methodsfirst developed and using dynamic methods, suggested
by Mueller (2).

In this investigation, static and dynamic measurements
were both employed to determine the photoelastic constants of
synthetic sapphire. The photoelastic constants may be divided
into two classes, the stress-optical constants and the strain-
optical constants, the former related to variations of stress and
the latter related to variation of strain. In this dissertation,
we shall assume stress and strain to be within the limits of Hooke's
Law. In this case, the two systems may be used equivalently. We

shall also assume stress and strain to lie along the same axis,
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i. e., a pure compressional force.

Sapphire belongs to the trigonal class of crystals.

It is a negative uniaxial ( the ordinary index of refraction is
greater than the extraordinary index of refraction) crystal with
eight stress optical (or strain optical) constants.

Investigations were performed on three samples of
sapphire oriented at particular angles with respect to an ortho-
gonal set of axes. Three samples were necessary to provide
enough relationships to obtain the eight constants of sapphire.
The static measurements were performed in the usual way, using
a Babinet Compensator to measure the relative change in the
optical path. The dynamic measurements were made using Mueller's
Method "C'", described in the experimental section.

Photoelastic constants describe the optical behavior of
sapphire when subjected to stress or strain. Knowledge of the
photoelastic constants, when coupled with the intensity distri-
bution of light in the diffraction orders created by a sound
field, provide a method of studying absolute sound pressure

amplitude.



THEORY

SECTION A: The assumption of pure longitudinal waves in this
investigation demands a determination of the directions in a
trigonal crystal along which these pure longitudinal waves can
be propagated. F. E. Borgnis (7) has developed a general theory
for determining the directions of pure longitudinal waves in crys-
tals.

In general, the particle displacement in a crystal does
not coincide with that of the pressure wave., There are, however,
certain crystallographic orientations for which the direction of
particle displacement and the direction of pressure wave propaga-
tion coincide. Following Borgnis, a set of relationships between
the direction cosines ((i) of the pure longitudinal waves and an
orthogonal set of axes are obtained:
=1, =1, (1)
(=1, £;=1(=0 (2)

.\ (
(-c13 + Cag3 " 2 chh) (?2 + 3 ¢qy, 72 + (-c11 + cq + 2 chh)x

( -cy =0
(Tﬂ . (3)

!
~

]

o

From Eq. (1), pure longitudinal waves may exist along the X-axis
of the crystal. For a trigonal system, a rotation of 120° about
the Z-axis produces an equivalent coordinate system. Figure 1
indicates the directions of pure longitudinal waves in the X-Y

plane.
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From Eq. (2), pure longitudinal waves can be propagated
along the Z-axis of the crystal. Equation (3) gives a set of
directions in the Y-Z plane along which pure longitudinal waves
may exist, Substituting the values of elastic constants as given
by Mayer and Hiedemann (8) into Eq. (3) and solving for 73 one
obtains the following three sets of values for (2 and (3:2
.978
.210

(2
E

+ .620 (z

+ 784 {

+ 75 {,

3" .632 (3

Figure 2 illustrates the orientation of these angles with respect

to the Y-axis and Z-axis. Counting positive and negative directions,
there are thirteen possible directions of pure longitudinal motion.
SECTION B: F. Pockels (1), (9) developed a systematic method of
studying the photoelastic constants of crystals. His argument is

as follows; Assuming that Fresnel's laws of propagation of light
hold in a crystalline medium, the optical index ellipsoid in an

undeformed medium may be represented in general by:

o 2 o 2 o 2 o o o
B, +tB,y o+ 333 z- + 2 323 yz +2 331 zx + 2 By, Xy = 1 (%)
where
o 1 o _ _1
Bll—nil ,ooaaoooocoooooooBlz_ —nz .
12

In a deformed medium, the optical index ellipsoid is, in general

2 2
B., x + B22 y + B

11 yz+2B zx+2B }(y:l (5)

2
z' +28, 31 12

33 3
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Where B11= 1 AR REERN NN NN B].z: 1
nt'? nl?
11 12

The nij and nij may be called the optical parameters of the system.
Pockels assumed that the differences of the corresponding coeffi-
cients of the two index ellipsoids can be expressed as a linear

function of the strain, i.e.,

(o]
By1 7 Byy = P11S11 * P1pSpp * P13S33 * PySps t PisSap t PigSyp
--------------------------------------------------------------- (6)
(o]
Bi2 = Biz = Pe1511 * PgaSan * Pe3S3z * PauSag t PesSar * PegSin
where the pij are the strain-optical constants and the Smn are the

components of strain. Since the investigation is conducted in the
region where Hooke's law holds, stress may be substituted for

strain to give the following set of equations:

o}
By = Bip = =(agyTyp * 94pTpp * 3T53 *+ 41 Tps + 45Ty + 96T )
------------------------------------------------------------------ (1)
(o]
Bip = Biz = “(agTyq * 962Ton * 93733 + T2z * 965T51 + ggTy2)
where the

qij and Tmn are the stress-optical constants and the com-
ponents of stress respectively. The pij and qij compose the photo-
elastic constants of a crystal. The components of stress and strain
are related by elastic constants and moduli as follows:

11 = S11T11 * S12Tez * 813733 T SuTes * S15Ta * S16Tie
---------------------------------------------------------- (8)
“S12 = Se1T11 T Se2Ten t Se3T33 * SauTes t Sesisl toSgst1e

where the s are the elastic moduli.

ij






“T11 = C11511 * C12522 * C13533 F C1uSe3 * C15851 + Ci6512
---------------------------------------------------------- (9)
“T12 = %1511 * C62522 * %3533 T CanSe3 t %5531 * SesSia
where the cyy are the elastic constants. Combining Eqs. (6), (7),
(8), and (9), one obtains:
6 b
Py = ég;qkjcjl Gy = ;Z;pkjsjl (10)
z \=

where the indices k, 1 = l...¢s...6 also.

In order to avoid repetition, only the pij will be discussed
henceforth, but the assumption of working in the region where Hooke's
law is valid makes it possible to use the relationships derived for
the qij also,

In the most general case, there would be 36 different constants
pij for the triclinic crystal., Crystal symmetry reduces the number
of constants to eight in the case of sapphire, which is a trigonal

crystal., Pockels' equations may be written in matrix form for the

trigonal system as follows:

- A
(o]
Bip - By = Pjy P1p P13 P OO S11
(o)
Boa = Bop = Pjg Py Pi3 Py O O Sa2
(o}
B._ -8 - 0 o o S
33 7 °33 P31 P31 P33 33
: (11)
Boyg = By = Pjp Py O Py, O O Se3
o]
Bap = By = © 0 0 0 py 2y 5.1
(o]
B, - 8% = 0 0 0 0o
12 12 L 1k P11~ P1s lez_j
p
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It is this set of constants that is to be investigated.

Consider two illustrative cases of calculating photoelastic
constants,
Case 1: The crystal is oriented along the orthogonal set (X-Y-Z)
of axes., Strain is along the Z-axis and observation along the Y-axis.
With no strain, the cross section of the undisturbed index ellipsoid

is represented by:

o 2 o 2

Bjp * *Byyz =1 (12)

Upon application of a strain, the index ellipsoid is distorted and

and the ellipsoid cross section is represented by:

B x2 + B z2 + 2B

11 33 T (13)

where the B_, term indicates the ellipse is, in general, tilted with

31

respect to the orthogonal axes. From Eq. (11), one obtains:
o

B11 = B = P13SH * P1pSan * PrsSis t PpySpg

B (1k4)

(o]
33 7 B33 7 P31S11 * P31See * PasSy;
(o]
Bap = B3y = PupS3y * 2Py5,
where Bo

31
of strain. Since the only strain is along the Z-axis, all the Smn

O, since the index ellipse is not tilted in the absence

are zero except S Eq. (14) can then be written as:

33°
(o]
By1 7 By1 = Py3855
(o)
- = 1
B33 B33 = P33535 (15)
B = o,

31
Indicating in this particular case that the cross section of the

index &1lipsoid is not tilted with respect to the X-Z axes.
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Case 2: The crystal is oriented at an angle with respect to the
' orthogonal (X-Y-Z) set of axes. For this example, assume the crystal
has been rotated h5° about the X-axis., The strain is along the
X'-axis and observation is along the Y'-axis and indicated in Fig. 3.

The rotation matrix may be written as follows:

x y z
X (G »
y [2 m, m, (16)

where the (i’ m,, and n, are direction cosines relating the X', Y',
Z' axes with the original X, Y, Z axes. For a specific rotation of

45° about the X-axis, Eq. (16) becomes

y o 1Az -1z (17)
z 0 1/{5 1/{5

Using Eq. (16) and rewriting the strain of the original coordinate

system in terms of the strains in the new coordinate system, one

(18)

obtains
S =8 2+8 2a+s o242
11 = 8y1f7 + Sppmy + Smy 4 (323 mny* S31 n{y + 81211 1)
S12 = 11(1( * Szzm1mz * S33“1“2 (mlnz tmn) + 8 1(“1( +yn,

* 312((1mz+(2m1)
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where Sén are the strains in the new system. Using Eq. (17),

one may write;

_g! _la _la

S11 = 511 S23 =2 S22 = 2 S33
= l ! l ! - ! — 1 1 1 1

Sop =% Slo * 3 333 333 531 13 s31 +\f5 s12 (19)
— l ] l ' ! __1 ] 1 ]

533 =2 S22 * 2 5733 ¥23 S12 =% 531 F 512

Now the equation for the differences of coefficients of the index
ellipsoid may be written in terms of the strains in the new system.

Combining Eqs. (11) and (19),

- = 1 l 1 l - '
Byy - By = P11Sip * 3(Pyp * Pyg F P1y)Shs + 3(Pyp * Pyg - Py )83,

- — 1 - 1 1 - L]
Bz = Brp =(EPu1 - P11 * P1p)S'5 (R + Py - P1R)S,
Since only a strain along the X'-axis is being considered, the

S, are all zero, except Sil' Therefore, Eq. (20) reduces to:

- r°  _ ' _ _ '
Bi1 ~ B11 = P1iSna Bps = Boy = PiS1y
- (o] _ ' - o} _
Boa = Baz = P1oS11 By =B85 =0 (21)
B - B2 = pP..S! o
33 33 31711 B12 B12 = 0

Now consider the index ellipsoid in the rotated system:

12 2, A z'z + 2A. . y'z' + 2A

Appxt Ay 33 23

31z'x' + 2A12x'y' =1 (22)

The coefficients of the optical index ellipsoid in the transformed
system may be written in terms of the coefficients of the optical

index ellipsoid in the original coordinate system. Using Eq. (16),



12

one may write,

2 2 2
Ay = Byly + By (G + Bogls + 2(Bol, 05 + By (ol + Byl ()
——————————————————————————————— (23)
A, = 311(1m1 +B,, (zmz + B33(3m3 + B23((2m3 + (3m2) + B31((3m1 + (1m3)

+ By (lymy + (ymy)

Combining Eqs. (17) and (23),
1 1

A1 = Py Ap3 = - 2 Byt 8By
A =13 _+Ls 43 A = (mB. -&B (24)
22 "2 22 2 33 "23 317 42731 Y7 12
21 1 - . L 1
Ay3 =3 Bap ¥ 3 Byg m Byg A2 = y2 831 YT B

For observation along the Y' axis, the cross section of the index

ellipso}d is, in general,
12 12

1,0 __

A, % +A33z +2A3lzx =1 (25)
The values of A, , A33 , and A31 may be determined from Egs. (21)
and (24):

- ' o
Aj1 = P B
A =l(p +p +ﬁp)S'+-1-(Bo +B°) (26)

33 7 2 ‘Fl2 31 41/ 11 " 2 ‘a2 33

A31 = 0
Note that A_, = O , indicating in this particular case, that the

31
ellipse is not tilted with respect to the new coordinate axes.

In general, for a rotated system with respect to the
crystallographic axes, the procedure is: 1., Write the strains in the
unprimed system in terms of the strains in the primed system. 2. Write
the difference of coefficients of the index ellipsoid in the un-

primed system in terms of the strains in the primed system.
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3. Write the coefficients of the index ellipsoid in the primed
system in terms of the coefficients in the unprimed system, Briefly
then, one wants to write the photoelastic constants, as originally
defined in a rectangular coordinate system, in the coordinate sys-
tem in which the investigation is being carried out, which in gene-
ral, is rotated with respect to the system defined by the crystal-
lographic axes.

SECTION C: Dynamic measurements: Introduction of a strain in a
transpareatt medium results in a change in the index of refraction
of the medium. The optical parameters discussed earlier are the
indices of refraction for a crystal. Thus, the lengths of the

axes of the index ellipsoid are proportional to the indices of
refraction of the medium and are also proportional to the pressure
or strain exerted on the medium. 1In the case of an ultrasonic wave
providing the strain, the axes of the index ellipsoid will wary
periodically, where the periodicity is determined by the frequency
of the ultrasonic wave.

Consider the two cases discussed earlier; in Case 1, re-

peating Eq. (15):

o 1 1
Biy = By1p = Pi3S33 = 2 2
11 11
B, -8B -p S =——_ L (15)
33 33 3333 p,r 2
33 "33
B31 - 0 = 0, indicating no tilt of the index ellipse.

Since 833 is a periodic strain, the axes of the index ellipse vary

periodically. Following Mueller (2), B11 and B__ may be written as:

33
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1
By, = ;5- - i (an*.AchFsin 2nf*(t - (zcosg + ysing)/v*))

11 (27)
B33 = ;-]2'— - 13 (2nf* A kﬁi sin 2xf%(t - (zcosg + ysing)/V*))

33
where f*¥ = sound frequency

P = density of the medium
V¥ = sound velocity
A = amplitude of the sound waves
k = constant proportional to the elastic constants of
the medium.
This indicates that i1 and 13 are proportional to the amplitude
pf variation of the principle axes of the index ellipsoid. From

the above equations, one obtains:

2
il B, - l/n11 P11 S33 313
= 2 = =
i B, -1 S
3 337 ey P33 733 P33
Let Anll and An33 be the chanBe in the index of refraction along the
X and Z directions respectively. One may then write:
B, = ! - . - l-2wy/ny, 1 20y,
11 2 2 2 2 2 3
(nyy +any)" (1 +nygy/mgy) "y "1 "1 M1
(29)
1 1 1 - 2An 1 2/An
B33 = ( )2 = = 33/n33 = - 33
n + An 2 2
33 33 (1 + o0, /n__)%,2 n nl 3
33" 733 33 33 33 n33
Comparing again with Mueller's equations;
3 s
(1))(K)(n;)° = an);  and (11)(K)(n33)3 - oa,
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Therefore,
Ln i n3 n3 P n3 P
11 = 1 11 = 11 713 = o713 =R (30)
An 3 3 3
33 '3 033 "33 P33 TePy3

From the theory of Raman and Nath (5), one may show that a change

in both n,, and n__ produces two diffraction patterns and the inten-

11 33
sity of each pattern is dependent upon Anll and An33 respectively.
Thus, if the mth order of the diffraction pattern due to Anll is

observed, the amplitude will be

Enp = By Jp(vp)s

where E1 is the magnitude of the electric vector of the incident

light., Similarly for the pattern due to An

33’
Em3 = E3 Jm(v3)
where
v1=21tAn11L v = 2n /n L
n 3 ~

Jm is the mth order Bessel Function, L is the width of the sound
field, and A\ is the wavelength of the light. For small values of

m and v,

1
B
-
<]
[y
—~
<
[
~
=
[
B
[y

- -5 | =) -F (31)

\./E
]
&
—

If the light is polarized at 45° to the sound field, E, = E3 and

1

3
R = %o P13 (32)
nd P33



16

where RT is the quantity that is experimentally determined. In this
investigation, only the intensity in the first order diffraction
pattern was measured, therefore, m = 1. For Case 2, following the

same procedure, one obtains:

2 1
Ay - ngy =1y Sy

Agg - 1/n§3 =3 (P ¥ Py = 2 Pyy) Spq

From Eq. (28), where the system is rotated, so that A, and A33 are

used instead of B,, and B__, the ratio can be written as

11 33
2 ) ! 3 -
1y o Agl/mis | (pppt Py 2 py)Syy o nis (Byptegy-2eyy) | R (33)
1 2 ) 2
1 Ayy-l/oyy 2P i1 ny; (2 pyy)

where the ratio R? is the experimentally determined quantity.

SECTION D: Static Measurements: By applying a static or constant
stress to the sapphire crystal and measuring the relative change in
optical path length with a Babinet Compensator, a relationship invol-
ving differences of photoelastic constants is obtained. To illustrate,
following Vedam (10)assume a crystal whose dimensions are oriented
along the orthogonal set of axes has a strain (stress) in the X direc-

tion and observation is in the Z direction. From Eq. (11)

o

Bi1 - Bi1 =P 511

[o)
Bop = Byy = P15 51y (34)
B (o)

33~ B33 7 P31 511

Bas =Py S
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o _ _ 2/\n

o 2
Since By, = l/nll, A By 311
1
but B,, - B, i al to ABY., thus
ut 541 7 Py 1S eqn 11’ thus
o 2/An
Bip By =8By 7 - 311 = P11511 (35)
1
or, rearranging,
_ .3
Aty = TRy Ppp Sy (36)
2

The differential path retardation is obtained from A(nllz) where z
is the distance the light travels in the sample, and (nllz) is de-

fined as the optical path length.
A(nllz) = (Anll)(z) + (nll)(Az) = 6]_1 (37)

Note that Anll has been defined above and Az is the strain in the

Z direction, i.e., S__. Rewriting Eq. (33) and using Eqs. (32) and

33

(8), one obtains

3
_ __n P S z -
8y = &nez +ny .0z = - 211 él 11 myy 2 S5 Ty (38)

The same procedure may be carried through for 5

o) corresponding to

N, with the result that,
3
- - D, Py, 8102
8,p = 22 éz 11 = n,, 313 z Ty (39)

The relative retardation is defined as the difference of equations
(35) and (34) and this retardation is equal to the phase difference
of the two beams of light, i.e.,

B.2n=%(811-6 (40)

22)



A -em 2 —— ——



18

where B is some fraction of 25 which determines how much phase change
occurs, and A is the wavelength of the light. Rewriting Eq. (36),

using the values of 8, and 622 from Eqs. (34) and (35),

1 -n3 P, S, 2 1 -n3 Pi, S,, 2
B = ~ 11 ;1 11 © - n, 2 813 T11 iy 22 ;2 11 © - n228132 T11
_z [(a3p, - m3p pyy)S ]
B =3 22712 11 "11/°11 + 313 T, (n22 nn) (41)
2
but n, and noo) which correspond to the n of the crystal, are
equal, so Eq. (37) may be written as
; 3
£ n
B=X 2 (Pyp = Pyy) (42)
Assuming uniform stress throughout the medium of the specimen, S11
may be written as
Si1 = %™ (43)
where s;; is the elastic modulus. Also, Ty = F/A
where F is the force on the specimen and A is the area over which
the force is applied. Finally then,
2B A A
Piz " P11 T dap, FS (4k)
12 11 dn 1 F S11

Table I provides a complete list of observation directions, strain
directions, and the relationships of photoelastic constants for those
directions which are used in this investigation. The direction cosines
of the normals to the cube faces with respect to an orthogonal set of

axes are given to indicate the orientation of the cubes used.
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EXPERIMENTAL PROCEDURE

Dynamic Measurements: See Fig. L. The experimental apparatus
consisted of a mercury arc light source filtered to obtain the 5461 R
green line of mercury. The light was focused on a vertical slit which
acted as an image for the measurements. Light from the slit was col-
limated and passed through a Nicol polarizing prism, which polarized
the light at hSo to the vertical., The light then passed through the
sample perpendicular to the path of the sound. The Wollastan double
image prism splits the light into two rays, one polarized in a direction
parallel to the sound beam and the other polarized perpendicular to
the sound beam. The light then passed through a focusing lens and
analyzing prism, after which the two rays were split by a right angle
mirror, each ray going to a pick-up tube of a differential photometer.
The pick-up tubes of the differential photomultiplier were adjusted so that
their slits were in the focal plane of the focusing lens. The sound
source is an X-cut 10 megacycle quartz crystal, driven by a continu-
ous wave, variable frequency oscillator. Standing sound waves are
produced in the sapphire sample by the quartz crystal. These standing
waves produce a diffraction pattern of the slit image in the focal
plane of the focusing lens. If the investigations are carried out at

low sound intensities, it can be assumed that light in the first order

diffraction pattern greated by the standing sound waves is plane polar-

ized, but rotated at an angle with respect to its original direction

21
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of polarization. If the sound is a pure longitudinal wave, and the
incident light is polarized at L5° to the vertical, then from
Mueller (2), one may write,

tan (o + 45°) = T (Rlvi) o RT (45)

Jm Y1

for low v and m. See Eq. (31).
o is the angle of rotation of the plane polarized light,
Rlv1 is the Raman-Nath parameter for light polarized perpendicular
to the sound beam, and vy is the Raman-Nath parameter for light
polarized parallel to the sound beam. Mueller suggested three methods
of measuring photoelastic constants. Method "C" utilizes a double
image prism, which separates the light into two components, one polar-
ized parallel to the sound beam and the other polarized perpendicular
to the sound beam, which is exactly the procedure used in this investi-
gation.

The experimental procedure used in taking measurements is
to adjust the analyzing prism so that each phototube is subject to
equal intensity of light, i.e., at 45° to the vertical. The phototubes
were adjusted to allow only the first order diffraction pattern to pass
through their slits. The sound is then turned on and the analyzing
prism rotated until the first orders were of equal intensity. With the
differential photometer, this would correspond to a null or minimum
reading. If the angle of rotation to equalize the intensities of the

first order diffraction line is Q, then tan (45° + @) is the R, of



2k

Eq. (L5).

Static Measurements: See Fig. 5. The same light source
and filtering arrangement is used here as was used in the dynamic
measurements. Collimated light is polarized at 45° to the vertical
and is incident normal to the specimen. Light then passes through
the Babinet Compensator and an analyzing Nicol prism set in the crossed
position with respect to the polarizing prism. The fringe system pro-
duced by the Babinet Compensator is viewed at the focal plane of the
focusing lens with an eyepiece. The specimen . is:uniformly stressed
with an apparatus similar to that used by Waxler and Napolitano (11).
See Figs. 6. The Babinet Compensator has a calibrated movement and
the experimental procedure is to find the number of divisions N for
a phase change of 2x, which is a constant for the instrument. After
applying a known load to the specimen, a fringe shift occurs. The
fringe is then reset to its initial position by movement through n
divisions of the Babinet Compensator. This ratio of n divisions for a
given load to N divisions for a phase change of 2x is the experi-

mentally determined B, used in Eq. (40).
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FIGURE 6.

End view of stressing table, showing

sapphire cube position when under stress.
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EXPERIMENTAL RESULTS

Ratio: plz/p11 Ratio: p3l/p11

fVoltagezz Tan(Q + h5°), (Voltage)2 Tan(o + hioz
2.25 x 1ol*(v.)2 3.25 9.00 x 1ol*(v.)2 5.14
4,00 3.19 12.25 k.92
6.25 3.01 16.00 4.83
9.00 2.92 18.06 4. 55
12.25 2.90

16.00 2.72

Ratio: (p12 + Psy + 2ph1)/2p11 Ratio: p13/p33

SVoltage}2 Tan(Q + hj?) (Voltage)2 Tan(a + hﬁol
2.25 x 10°(v.)? 4. 20 6.25 x 10*(v.)? 6.9
4,00 k.17 9.00 6.61
6.25 3.98 12.25 6.31
9.00 3.78 16.00 5.67
12.25 3.58 20.25 5.10
16.00 3.27

Ratio: Ix'/Iy' Ratio: Ix'/Iz'

§V01tage22 Tan(a + 45°) LYOltage)z Tan(x + hiol
%.00 x 10%(v.)? 2.45 2.25 x 10%(v. )2 1.81
6.25 2.38 4.00 1.67
9.00 2.31 6.25 1.52
12.25 2.26 9.00 1.L45
16.00 2.20 12.25 1.37

16.00 1.31

at
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Determination of N (= phase change of 2x) for the Babinet
Compensator: Sixty measurementw were made to obtain the
number of divisions on the drumhead of Babinet Compensator
corresponding to a phase change of x between the ordinary
and extraordinary ray. N for the Babinet Compensator used

is 1288 divisions. Below are the tabulated values of n/kg.

for the determination of P11 - Pis and pl3 - p33,

Piz” P12’ n/kg. n/kg. n/kg. n/kg.
5.93 2.89 3.85 ho43
L.76 4,73 4,18 3. 74
3.92 4,58 4,84 6.48
5.60 5.20 6.15 L. 62
4 L3 4,14 3.85 3.66
5.53 4,21 L.5h 5.57
5.38 5.09 5.24 4,58
3.66 4,18 4,25 3.70
3.66 . k.07 4,58 4,36
3.81 4,18 6.56 6.52

P13 7 P33t n/kg. n/kg. n/kg. n/kg.
2.42 1.87 2.67 2.53
2.53 2.31 2.45 1.94
2.31 2.31 2.49 2.09
2.3k 1.94 1.43 2.27
2.93 2.09 2.45 2.75
2.93 2.56 3.0k 3.59
2.56 1.54 2.82 3.11
2.53 1.32 1.79 1.65
1.90 2.20 2.64 2.86
2.45 1.50 2.12 2.82






, Ol X (AD)

4 JH4N9l4
Cce 8l ]| vl el Ol 8 v 2
—g— > —gp— v . - v v v lm
_.QN —
2 - v
_vn_N +.nn_+ _n_
-G
9
€ey A
g
- 8
——

'd X % X ¢

~_n_ vy ‘X.l wn

(.Gt +DIUDJ



,-0l X {AD) CECOELF

Q

n

Q

(o] ] 8 9 1 4 2
1l
—_ X
X X
12
12
% — N X
1€
1v
1S
—~
T —
19

(oGt +D)UD}



31
Sample calculation of Photoelastic Constants:

Repeating Eq. (LL), one may write,

p1z'P11=§:n§w
o W8Sy
where,
n/W = 4.64 div./kg.
N = 1288 div.
- 5.461 x 1077 cm.

n = 1.771 (Reference (12))
nd = 5.5k
A = (1.60)°
d = 1.60 cm.
g =980 cm./sec.2
S = 2.28 x 10713 cm?/dyne  (Reference (8))
ply - Py = (ka64)(5.461) (107)(2)(1.60)° -

(10)3(1.288) (1.60) (5.554)(9.8) (10) *(2.28) (10) "
Py, - pyy = Leme)(em)® _ = (unitless)

(gms) (cm) (cm) (cm)

s&c)Z(gm) (cm
(sec)?

Pyp - Ppp = 0-507
p12/p11 = +3.31 (From dynamic measurements. See Fig. 7)

The determination of the sign of the ratio of photoelastic con-
stants follows the convention suggested by Hagelberg (13).

Combination of the two equations yields,

pll = 09219
0.725

P
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Table II. Strain optical constants of synthetic sapphire.

P = 0.219
p12 = 0.725
Py5 = 0-311
py), = -0.029
Py = 1.259
p33 = 0.041
Py, = 0.119
Py, = -0.418

Table III. Stress optical constants of synthetic sapphire.

q,; = -0.037
q, = 1.396
q13 = 2.163
q), = 0.01k
43 = 0.30
A5 = =0.539
q,, = 0.225
q,), = -2.916

In units of 10.13 cmz/dyne
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