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Changes of the Refractive Index in Thermally Stressed
Glass Disks

By measuring the stress-induced birefringence in giass disks it is possibie to determine the difference of refractive indices n' — 
n" of the rays poiarized in mutuaiiy perpendicuiar directions. However, reai changes of the refractive index, as reiated to the refrac­
tive index n corresponding to the zero isochromatic iine, are greater than w' — n". In particuiar, for the case of an uniaxiai mecha­
nical stress the respective changes in the refractive index were given in paper [)]. The present paper deals with simitar investigations 
generatized to the case of two-dimensiona! stress induced thermahy by freeiy cooting gtass disks.

1. Introduction

The theory of thermal stress distribution in glass 
disks was formulated in paper [2]. Local stresses 
c, and associated with an elementary area 1 .S' of 
the disk surface (Fig. 1) can be represented as follows

Fig. 1. Gtass disk, n, — radius of the disk, c ,, 1, .  j ,  — tocat 
stresses within the etementary area
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(see [2]) where
2 — wavelength of the light used,
G photoelasticity constant, 
t/ — disk thickness,
/, -  expansion coefficient, 
g =  r/r..
The refractive indices n, and corresponding 

to the rays polarized radially and tangentially may 
be estimated from the Maxwell-Neumann equa­
tions

" , - " o  =  C ^ + C , ^ ,  

", "o =

(2)

where
Ĉ , Cy — material constants,
/?„ — refractive index in the glass free from 

stress.
Substituting (l) into (2) we obtain

2 / p'
" =  -  y y  ^  y  [(! + 0 ^ + C , ] ,  (3a)

2 ^  / o''
d n , =  -n =  -  [ ( t+ ;)C ,+  C,], (3b)
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(4)

where
n — refractive index in the middle point the 

stressed glass disk.
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It js worth noting that if only one term in (3,4) 
is nohrzero we obtain:

¿1/!, (! +;') C ,+ C^
w(p)

(1+;') Cy+C,

"(p) *'

C,, C2 — constants
In this case the determination of /in, and 

is reduced to the measurement of w(o), which is 
a relatively simple procedure.

2. Measurement of the Birefringence along 
the Disk Radius

In Fig. 2 the birefringence distribution along 
the dipk radius normalized by birefringence value

Fig. 2. Graph of the measured birefringence in gtass disks

at the disk rim is presented. The points on the curve 
refer ^0 both the moulded and machined disks. 
The experimental points may be approximated with 
the hcjp of the formula (6):

tv(p) =  w (l)p3 . (6)

3. Measurement of .1/?, and 1/7, the Disk 
Radius

Siz^s of the sample to be measured were: 60 mm 
in diameter and 15 mm in thickness. The measu­
rements were carried out on a Michelson interfe­

rometer shown in Fig. 3. After having determined 
the position of the singular point as well as the lo­
cation of the isochromatic lines, the polarizer 
was remowed from the beam. Then interference 
fringes appeared within the disk area. Let us denote 
by and the numbers of fringes along the
vertical and horizontal axes, respectively, for the 
case when the light is polarized along the vertical 
axis (Fig. 4).

The change of the refractive index may be cal­
culated from (7):

Fig. 3. Scheme of the Michelson interferometer used for me­
asurements k  — glass disk, z ,, z i — mirrors, P ,, P i — po­

larizers, F ,, — wavefronts

Fig. 4. Pattern of interference fringes in a disk m — order of 
isochromatic line
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( 7 )

( 8)

Fig. 5 shows a typical relations of and m,., 
to /1m for the BK 516-64 glass; the values of m„, 
and m„ being determined from the interferogram

Fig. 5. Experimentally determined relations of and 
to dw  for BK 516-64 giass.

2t7

Let us denote

dm '

m,. m,.

dm '

for the same value of g (for instance, for correspon­
ding to the hrst isochromatic m =  1, sec Fig. 4).

From (7) and (8) we obtain the following re­
lation between the refractive index variation and 
the birefringence:

dn,, =  mpW(p), 

dn, =  m,w(p).
(9)

It is worth noting that an identical relation was 
obtained earlier on the base of theoretical consider­
ations resulting in (5).

In Table the results obtained for selected glass 
sorts of Polish made (Jeleniogórskie Zakłady Op­
tyczne — Jelenia Góra) are presented.

As may be seen the refractive index variation 
dM, and dftp are greater than birefringence w(p). 
Moreover, the coefficients m, and m^ are greater 
than those given by SCHUSTER and REiTMAyER in 
paper [1]. For instance, these authors obtained 
estimations* m̂ , =  3.5 and m  ̂ =  4.5 for thé SF4 
glass (which is a German equivalent of Polish CF 
755-28 glass) and m_̂  =  0.125 and m̂ . =  1.125 for

Sort of the glass* "!r

BaCK 620-60 5 6
BaCK 623-53 6 7
F 620-36 5.5 6.5
CF 647-32 7 8
BK 516-64 7.3 8.3

(t ) and fd  =  60 (t).

the BK-7 (which is a German equivalent of Polish 
BK 516-64 glass).

It is supposed that the discrepancy between our 
results and those given in [1] are due to differences 
in glass treatment as our samples were highly 
stressed (the optical path differences ranged between 
100 nm up to 600 nm) while glass used in [l] was 
free from thermal stress.

4. Conclusions

Both the theoretical and experimental Results 
speak for linear dependence between the birefringence 
and the refractive index variation in the glass; disks. 
Thus, knowing the proportionality constant m, and 
m^, we are able to estimate the refractive index 
variation in the glass disks immediately from the 
birefringence measurement.

Variations des indices réfraction dans les laides de 
verre coupées en rond de tensions thermiques

La mesure de la biréfringence des verres optiques à ten­
sions internes permet de déterminer la différence des) indices 
de réfraction n' — n" pour des rayons polarisés dans les deux 
directions perpendiculaires. Les variations réelles des indices

* The coefficients and correspond to our w^ and m,..
In both cases they determine the factors by which the 

changes of refractive index calculated with respect to zero- 
order isochromatic line for rays polarized in mutually per­
pendicular directions are greater then the birefringence.
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de réfraction par rapport à и pour ia isochrome nuiie sont 
pius grandes que я' — я". Les variations des indices de réfra­
ction produites par des tensions mécaniques uniaxes sont 
présentées dans ia travaii de Schuster et Reitmayer. Les auteurs 
de ce travaii ont présenté ies résuitats des recherches pour 
des iames de verre coupées en rond refroidies iibrement at de 
tensions thermiques biaxes.

Изменения коэффициентов преломления в терми­
чески напряженных стеклянных дисках

Измерение двупреломления в напряженных оптических 
стеклах позволяет определить разность коэффициентов 
преломления я'—я" для лучей, поляризованных по пере- 
пендикулярным друг к другу направлениям. Действитель­
ные изменения коэффициентов преломления по отношению

к я для нулевой изохромы больше, чем я'—я". Изменения 
коэффициентов преломления, вызванные одноосными ме­
ханическими напряжениями, изложены в работе Э. Шус­
тера и Ф. Рейтмера. В этой работе представлены результаты 
аналогических исследований для охлажденных стеклянных 
дисков с двухосными термическими напряжениями.
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