Ar
— = 5:107% after 40 operation cycles in the case
r

of the optirﬁal angular position of the head. The
lower workpiece position variant happens to be more

Ar
profitable because the change — =6.4-10"* occurs
r

first after 74 cycles, provided the same optimal ad-
justment is being kept. Another feature was that
in the lower workpiece position the abrasive suspen-
tion concentration had to be considerably higher than
that used for the upper-positioned workpiece (the
corresponding relations being 1 : 1 for the first case
while 1 : 6 in the second). This makes a continuous
supply of the abrasive more difficult under the closed
cycle condition. For the case of convex surface

processing the tool shape proved to be constant with.

] : Ar

in the tolerance region — = 3-10~% in the course
; r

of the 154 operations performed for various posi-
tioning of the head.

A long time check of the workpiece surface for
a significant increase of the treatment period pointed
out that the shape remains -practically unchanged.
For instance a prolongation of the processing time
from 5 min. up to 90 min. coused a shape deforma-

AR
ti f —=15-107%
fon of —

The graphs illustrate the changes in both tool
and workpiece shape registered during the examina-
tion.

Zygmunt Bodnar, Waldemar Kowalik *

Measurement of Optical Heterogeneity in Glass
Blocks by Means of Interference and
Autocollimation Method

The index of refraction in glass blocks is not a con-
stant value. It differs in different parts of the glass
blocks, depending on the local chemical composi-
tion. Thus the refractive index is a function of the

spatial coordinates. The changes may be conveniently -

described by means of its gradient, which is also
a space coordinate function. By heterogeneity we
understand continuous changes of the refractive
index within greater regions. These are not to be
confused with the rapid changes of the stria or jump

types.

Principle of Measurement

A block is iluminated by a parallel light beam.

The run of the light ray is influenced by all the non-.

*). Instytut Fizyki Téchnicznej Politechniki Wroclawskiej,
Wroclaw, Wybrzeze S. Wyspianskiego -27, Poland.
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uniformities met along its path. Thus the measured
value of the gradient is only an average value with
respect to the unit block thickness, and we will
describe it in this way. The ray deflection is caused
by the following effects: geometric wedge of the block
(when considering the refractive index to be con-
stant and equal to the average value of its true dis-
tribution) and the gradient component .perpendic-
ular to the ray direction. The optical wedge ¢,
is here defined as a wedge-like operation of the opti-
cal block resulting in optical ray deflection inde-
pendently of whether it is caused by a geometrical
wedge or the particular type of the heterogeneity
or both. This will be calculated as a geometrical
wedge made of material of refractive index equal
to the average index of the true material. Thus the
optical wedge represents the deflecting properties
of the glass block both due to true geometrical wedge

13.



operation and the gradient component perpendicular
to the viewing direction. The perpendicular gradient
component happens to be proportional to the differ-
ence of the optical and geometrical wedges

n
grad,n = -;(% — ),

where # is an average index of refraction 'in the
block, z denotes the block thickness in the viewing
direction, @, is the optical wedge, while ¢ denotes
a geometrical one. '

The measurement is reduced to measuring the
geometrical and optical wedges. The method proposed
hereafter allows to determine the measuremental
sense of the grad »n. Namely, it will be understood as
an average value for that part of the light beam cross-
-section for which the geometrical and optical wed-
ges have been determined. This will be true for both
the telescope method and the interference method,
the latter being formulated in terms of averaged dis-
tances between the fringes. When using the inter-
ference method (Fringes of equal thickness) a more
accurate analysis of the cross-section is possible by
increasing the number of points to be analysed (con-
gestion of the interference fringes) and changing
their directions. Practically, it is possible to determine
the gradient for arbitrary chosen point region of the
cross-section of the light beam passing through the
block. Generally the perpendicular gradient compo-
nent is a nonlinear function of the cross-section
coordinates. By some convention it is possible to
introduce a distinction between linear and nonli-
near changes.

Determination of Linear Changes

AN AUTOCOLLIMATION METHOD has been
proposed by Z. Bodnar [1] and then improved by
Z. Bodnar and F. Ratajczyk [2,3]. The glass block
ot be examined is placed between two autocollimating
telescopes positioned each in front of the other.
The angular distances of the autocollimation hair-
-crosses reflected from both the block sides are to
be measured. Then the block is turned round by
about 180° about the vertical axis and the measure-
ments are repeated. In this way after some calcu-
lations we obtain simultaneously the horizontal com-
ponents of the geometric and optical wedges both
being perpendicular to the viewing direction. Dif-
ferent positioning of the glass block results in obtaining
each time two gradient components for the same
coordinate and different viewing direction,

14.

THE INTERFERENCE METHOD allows also
to find both the geometrical and optical wedges.
The geometrical wedge may be conveniently found
by means of the Dowell interferometer. Naturally,
the surface of the block to be examined is then depo-
sited with metal films so that they reflect totally the
light. The optical wedge may be determined in the
Fizeau interferometer by realizing an interference
between the block sides. The laser light is then most
conveniently to be applied, because considerable
path differences occur in the region. The same results
may be obtained by placing the glass block in one
branch of the Twyman-Green interferometer. An
interference through glass block is then realized.
The grad nmay be determined without the geometri-
cal wedge measurement as well.

Then the block has to be cut into two parts and
one of them is to be turned with respect to the other
by 180° about the axis perpendicular to the cut plane.
In this mutual position they should be glued together,
while the surfaces perpendicular to the cut plane have
to be polished. In this case the geometrical wedge .
between the respective sides of the modified block
will be the same. The gradient components parallel -
to the cut plane in both the parts will be reverselly
directed. For the viewing direction parallel to the
division plane the differences of the optical wedges
for both the block parts may be easily measured.
The differences are proportional to the grad n. The
greatest disadvantages of the last method lies in
cutting the block.

Determination of the Nonlinear
Heterogeneity

* When performing the measurements zone after zone

for both the telescopes we may determine the values
of the nonlinear changes. They are defined by the
gradient differences in the particular zones. In the
interference method a general dependence may be
found, i. e. the linear changes modified by the nonli-
near changes (if we resign of the averaging of the frin-
ge distances). The only nonlinear changes are much
easier to determine by measuring the rise of arch of
the interference fringes.

Preliminary Measurements
All the above considerations are correct when ignor-
ing some additional errors. The errors are introdu-
ced first of all by deviations of the block surfaces

from perfect flatness as well as by the surfaces of
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interference mirrors and so on. These additional
influences may be taken into consideration but the
respective analysis becomes much more complex. The
elimination of the errors is possible by requiring
high quality flat surfaces for both the glass block and
the interferometer mirrors..

In our case all the surfaces were flat up to 0.14.
The checking measurements were carried out for
several glass blocks with the methods described above.
The linear changes for different blocks ranged from
5:107Scm™?! to 25:107¢ cm~ 1. The maximal scatter
of the results between the particular methods amoun-
ted up to 10%. The nonlinear changes amounted up
to 1.5-107°, In the majority of blocks they were not
meéasurable. _

The further work is being done to improve the
accuracy of the measurements.
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Halina Plokarz, Florian Ratajczyk, Barbara Lisowska*

An Attempt of Numerical Estimation of the Stria

Measurement due

The striae are regions inside glass volume differing
distinctly by the refractive index from the surroun-
ding glass mass. These regions may be differently

spread and have various forms. Any light beam is

deflected by them (being refracted, reflected or di-
fracted) by an angle «. This fact enables to observe

screen

diffuser

Fig. 1

*) Instytut Fizyki Technicznej Politechniki Wroclawskiej,
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to GOST-Method

a shadow “map” of the striae on ascreen positioned
perpendicularly to the beam pass direction. The proce-
dure described above determines the essence of the
so called shadow projection. The striae intensity in
the method is defined by the measurement condition,
for instance, the light source diameter, the distance
of the glass block from the screen and so on, by which
the shadow becomes invisible on the screen.

Another seldomly applied method of the striae
detection is due to Topler. The measurement arran-
gements based on the method are called striascopes
(Schlierengirate in German). They allow for an imme-
diate measurement of the angle a of the light beam
deflection by a stria. In this sense it is a numerical
(objective) method. The purpose of the work is to
establish if there exists any connection between the
two methods.

Among the shadow projection methods the one
similar to that described in the Soviet Standard
GOST 3521—57 has been chosen for considerations.
A setup for the observation with the help of the said

15



