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ABSTRACT 

The problem of determining quantitatively the exact surface contour 
of large glass plates is essentially a problem of obtaining a large and 
accurately flat reference surface on which to base the measurements. 
Presently, a comparison surface of from 12 to 15 inches diameter repre- 
sents the best that can be made accurately within reasonable cost. For 
many reasons, comparison plates of 36 inch diameter cannot be made at all. 

A measuring method is described which may be employed to obtain 
the contour measurements of glass plates of any practical size. A thin 
liquid layer, for example, water, covers the plate to be investigated. 
The liquid layer provides the flat and always horizontal reference plane 
from which quantitative contour measurements may be made. Interference 
phenomena - lines of constant distance from the reference surface - are 
produced due to reflections on the liquid layer and the plate surfaces. 
True surface contour pictures may then be taken in one operation. 
Quantitative surface measurements can be calculated from the pictures by 
employing the known light wave length. 

Many measurements and studies on 36 inch diameter, 1-1/2; inch thick, 
plates were made with particular reference to the flexibility and deforma- 
tion as applicable to interferometer development. 

PUBLICATION REVIEW 

Manuscript Copy of this report has been reviewed and found satis- 
factory for publication. 
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POREWORD 

This report was initiated and prepared by the Wind Tunnel Branch, 
Aircraft Laboratory, Engineering Division, Air Materiel Command.   The 
project was administered under Expenditure Order No. 905-1970, with 
Dr. Theodor W. Zobel and Kr. Ferdinand M. llirus acting as project 
engineers• 
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INTRODUCTION 

The problem of investigating glass surfaces of unusually large - 
dimensions and of highest possible quality is important in interfer- 
ometer development. Interferometers of satisfactory performance can be 
built only if reflecting surfaces of an extremely high degree of flat- 
ness are available. Expressed in terms of the wave length of the light 
used, the limit of inaccuracy of flatness should be within a fraction 
of a wave length distributed uniformly over the entire area to be 
measured. 

For instruments of small size, with optical components limited to 
about 10 inches diameter, common interference methods for investigating 
the surfaces are satisfactory. The comparison plates should be of very 
high and known quality, and at least as large as the plates to be 
investigated. The optical components can be made sufficiently thick 
so that the flexibility can be neglected. 

New and difficult measuring problems arise if an entire quanti- 
tative picture of the surface is required in one step. This is 
necessary to judge the surface quality if the flexibility has to be 
considered. Essentially the problem of flexibility influences the 
surfacing of glass plates, if large, thin plates with a very high 
flexibility are considered. 
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SECTION I 

THE SURFACE ACCURACY AS A FUNCTION OF THE SIZE OF PLATES 

Since the limit of the total amount of inaccuracy should have the 
same absolute value for large interference plates as for small ones, it 
can be understood that the quality of the surface of large plates must 
be much higher than for small ones. 

The relationship between the displacement "htt and the size of the 
plate can be seen in Figure 1, 

Fig. I 

( | )2 - 2hR-h2 

Since h <^ R, for the case of glass plates, it may be stated to very 
close approximation that MhH varies as the square of the diameter, at 
any constant value of R» 

2 hR - ( | )2, therefore h » g^ . d2 - const, d2 (See Figure 2) 
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I6fringes 

^TTTTTT^     ~ uZrrffr^    9 fringes \ 

h   io   a   to  W%m,W to   Is   io  h** 

d=2p- 
 d=3.o- 

 d=5.o- 

F/g.Z 

This relationship is illustrated in Figure 2 which shows that 
doubling the diameter of the plate would result in four times the 
number of ring shaped interference fringes, tripling, in nine times 
as many, etc. 

Because of this relationship the difficulties for both surfacing 
and testing increase tremendously with increasing size of the glass 
plates. 

SECTION II 

THE COMMON INTERFERENCE 1IETH0D OF TESTING 
GLASS SURFACES OF SHALL DIMENSIONS 

^ An accurate way to determine surface qualities is the production 
of Newton's fringes within the airlayer between an exact and known 
comparison surface and the surface to be measured. 

In Figure 3, »A« is the flat comparison surface and "B", the sur- 
face to be investigated. It is assumed that the surface to be tested 

AF-TR-5991 



is spherical. After the relations shown in the foregoing section, the 
deviation "h" from the absolute flatness is: 

- A. 
2 R 

Fig. 3 I 

This deviation from flatness of the plate surface can be measured as 
h ■ N-X/L  » where   N   is the number of fringes.    Then the radius of 
the curvature of the surface to be investigated can be calculated asj 

2h N-A. 

Figure k  shows a test arrangement based on the idea described 
above for investigating glass surfaces. The light coming from a mono- 
chromatic light source is used for the measuring process as an approxi- 
mated parallel light beam. A iens system produces a sharp interference 
picture showing the contour of the surface being tested on a screen or 
in a camera. 

The interference fringes are produced by single light rays split 
or divided into two componentsj one component is reflected from the 
lower surface of plate 5, and the other from the upper surface of plate 
6. The centers of the dark regions observed represent those positions 
where the phase difference between the components is IT radians. This 
means positions where the effective optical path difference is one-half 
wave length ( X/z   ) or odd multiples of half wave lengths (*/z ,3*/2 ,5y2 

7*/z   ,  • . etc.) after considering reflection from plate 6 is accompanied 
by a phase reversal. The distance from one fringe to the next adjacent 
fringe corresponds to a change of one-half wave length in the distance 
between the reflecting surfaces 5 and 6, because the light reflected 
from surface 6 traverses this gap twice. 
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InterfQrence picture 

8 

light source 

Reflecting surface 6 

Fig. 4-   Common interference method for 
testing plate surfaces. 
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(a) Convex surface 

Com pan son plate in lifted position. 

Surface to be investigated. 

Original middle figure 

Moving of the middle figure 

Middle figure after lifting. 

(b) Concave surface 

Comparison plate in lifted position. 

Moving of the middle figure Surface to be investigated 

Original middle figure 

Middle figure after lifting. 

rig. 5.   Lifting of the comparison plate to determine 
the kind of a curved surface. 
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Concave 

sum 

Convex Convex 

Concave 

RQ.6.   Determination of the curvature of the plate surface by 
sidejifting of the comparison plate (see the arrows) 
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The location and form of the fringes depend upon the relative 
inclination of the surfaces. The interference pattern therefore shows 
a picture of the surface contour represented by lines of constant dis- 
tance from the comparison surface. This method works well but requires 
a comparison plate as large or almost as large as the plate to be investi- 
gated. 

The sign of the curvature (convex or concave) can be determined by 
lifting the comparison plate either parallel with its original position 
or at one side. (See Figures 5 and 6.) The resultant movement of the 
so-called "middle figure " can be used to determine the surface shape. 
The middle figure is the characteristic pattern which appears at places 
where the tangents on both surfaces are parallel. Its location depends 
upon the inclination of the comparison plate. (See Figures 5a, TD.) 

A comparison plate, if it is to serve for large plates, should be 
as large £3 the plate to be tested, should have negligible flexibility, 
and should have optical perfection. A comparison plate of such large 
dimensions is impractical. 

SECTION III 

THE INFLUENCE OF THE FLEXIBILITY ON THE MEASURING 
AND SURFACING PROCESS 

The measuring problem changes if the flexibility of the comparison 
plate and the plate to be investigated can no longer be neglected. Such 
a problem arises, for example, in using glass plates 36 inches in diameter 
and 1-1/lj. inches thick. 

The reason for proposing that such thin plates be used for large 
interferometers is that a wider selection of glass sheets of this thick- 
ness, and of a sufficiently high optical quality can be found which are 
relatively inexpensive and available in a wide variety of sizes. 

It is almost impossible to produce large sheets of thick optical 
glass of high quality with a ratio of thickness to diameter of about 
1:10 up to 1:5. The flexibility of such thick sheets still could hot 
be neglected. The deflection of a horizontal glass plate caused by its 
own weight can be calculated as follows, (Reference 2): 

f 0.696 P'Wfft   -f E»t? horizontal 
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The specific load is given by: 

( d2fC )   * 

For the 1+5° position, as shown in Figure 7, the effective weight, 
ff, causing the deflection, f, is reduced to n / /27 Therefore: 

p   =jd_=^_ 
has to be introduced in the formula above so that it reads: 

f      = 0.696-^^ = 0.696- *+<&? -%|SSW 
45 VF-E-t3 VJ-E-t3 VT 

As shorn in Figure 22, the deviation of a glass plate 36 inches in 
diameter, 1-1/1; inches thick, was found as: 

horizontal ~ 5°X or  60 Srin^es 

f       _  horizontal        „., 0 ,. .. ,   „ . 
45° Y5=    =^l.ZA or  42.4-fringes 

Then a glass plate of 3.6 inches thickness as shown in Figure 7 
would still show a deflection of: 

f450= (-yip)2- 21.2 X = 2.54A. or 5.08 fringes 

(1:30) 

Even with a thickness to diameter ratio of 1*5, the deflection would 
still exceed by far the requirements of interference quality: 

f45°= (%4^)2 • 21.2 A- 0.635" A or 1.27 fringes 

This means that the flexibility should be considered in the grinding and 
polishing process. If the flexibility problem can be solved at all, in 
principle, thin plates present a better possibility of obtaining high 
quality optical glass in large sheets; they would be less expensive°and 
more suitable for correcting purposes. 

The measuring problem is illustrated by an extreme example. (See 
Figure S.) 

The plate to be investigated is 6 tames larger in diameter than the 
comparison plate. As far as the center part of the system is concerned, 
the measuring system works accurately because of the relationship of all 
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d*36"=9Mcm 

' • •' 

L^Ui. 

\ Plate to be investigated 

Fig. 8   Measuring a large plate surface using a 
small comparison plate of high quality. 
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components to the comparison surface. This relationship is lost, however, 
if the small plate is moved over the surface of the large plate. 

Since it is probable that the surface of the plate to be tested is 
not uniformly curved, but irregular, in every position the small plate 
adjusts itself to the large plate. A relationship no longer exists be- 
tween the surface to be investigated and an exactly defined position of 
the comparison surface. If a small comparison plate is moved over a 
large plate, the small single interference pictures, taken in each posi- 
tion, have no known relationship to each other and to a definite position 
of the comparison surface. 

The measuring accuracy achieved on the center area with the small 
comparison plate could be approximated,in principle, with a large com- 
parison plate of proven quality with negligible flexibility and refraction 
effects. i>uch a comparison plate would be an extremely expensive meas- 
uring tool if it could be made at all. It could not be used practically 
because its weight would change entirely the surface conditions of the 
plate to be investigated. However, even neglecting the weight of the 
comparison plate, the system does not work correctly, since no defined 
position of the comparison plate exists in every location. 

This fact is illustrated in Figures 9 and 10 where it is shown how 
the mosaic of single small 6" x 6" areas of the 36 inch diameter plate 
differs from the actual entire surface picture. (The actual surface 
picture is obtained by an exact method which is described in a later 
section.) 

From these facts it is apparent that exact interference measurements 
on large plate surfaces can be made in one step only if a comparison 
surface of the highest possible degree of flatness is available,, which 
is as large as the surface to be investigated, and for which the position 
is defined. Such a position could be, for instance, the horizontal 
position. 

SECTION IV 

A NEW INTERFERENCE HETH03 FOR MEASURING 
UNUSUALLY LARGE GLASS SURFACES 

As far as the quality of a surface is concerned, a liquid layer 
with small viscosity is almost perfect. Even if the area is unusually 
large, the influences of vibrations and temperature changes in the 
measuring room can be controlled. Undisturbed liquid layers can be 
assumed as practically flat, except for the uniform curvature of the 
earth itself which is calculable and negligibly small. 
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ßn_0_A^g/ijnfirferencQ picture of a part of the surface or a 

36inch diameter plate, produced bv a 6x6 inch comparison plate 
of interference quality. 
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Fig 10 Mosaic of single interference pictures compared with the 
undisturbed actual surface picture of the entire area. 
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If d esired, the influence of the curvature of the earth can be 
taken into account, and the amount of the correction would be constant. 
The deviation from absolute flatness can be calculated as: 

,   r2   (See Section II) 
h=2R 

If the plate with 36 inches diameter should be covered with water, for 
example, the data are» 

r« 0.5 m » the radius of the plate to 
be tested 

~R «a 7-106m » the radius of the earth 

0.52m2   ,.L7.10-8      or    k»L7-:LÖ"5mm 
14 • 106m 

With a wave-length    X « O.OOO5I+6I mm, which corresponds to the green 
mercury line, the effective wave-length within the water layer becomes: 

n-water 1-33 ' 0-000,41 23.0 

Therefore, the deviation from flatness because of the curvature of the 
earth is: 

ll« -XjT  A 

corresponding to 1  fringe as a constant 
11.5 

value uniformly distributed over the entire area of the surface. 

Other important facts are that the liquid surface is not only 
flat but also horizontal. For this reason absolute measurements can 
be made because of the constant and known position of the comparison 
surface. 

The liquid layer can be very thin so that its weight is negligible. 
Also, the optical density is uniform, which means that the refraction 
index within the liquid layer is constant. 

Figure 11 shows the measuring method described in the foregoing 
section, compared with the new more exact method using a liquid as the 
comparison surface. It can be seen that even for selected small area 
tests, a true surface contour picture can be obtained by the liquid 
method because of the constant conditions of the liquid layer. 
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Figure 12 illustrates the principle of the new test arrangement as 
it has been used. The optical arrangement realizes a coincidence method. 
The approximately parallel light beam traverses the water layer to the 
glass platej and the interference phenomena are produced by light which 
is reflected at the liquid and the glass surfaces. The liquid layer is 
used as the comparison plate. The appearance of the interference phe- 
nomena can be changed by changing the position of the plate to be nested 
relative to the liquid layer by means of a three point adjusting system. 

As shown in Figure 12, the plate to be tested was lying on a ring 
in order to measure the real flexibility of the plate. A rubber ring (10) 
sealed the plate against the tray so that no water was under the plate 
and, therefore, the plate was loaded only by its own weight. The weight 
of the very thin liquid layer above the plate, Which was uniformly dis- 
tributed over the entire plate surface, was negligible. If the surface 
of the plate was uniformly curved and the plate adjusted for parallelism 
of the tangents at the plate center and the comparison water level, a 
pure ring shaped pattern would appear. 

Figure 13 illustrates the working process of the Liquid-Interference 
method when a ring shaped pattern is produced by the superposition of 
plane wave fronts reflected from the water level, and spherically curved 
wave fronts formed by the reflection from the concave surface of the plate 
to be tested. The angle between two interfering light rays is given by 
the relations*. 

sin-j1- ~ ~^-;  sin~5r  «-n-  See Figure 13 

The formulas above are valid only as long as the slightly curved 
wave front reflected on the surface to be investigated can be assumed to 
be approximately plane over each width of fringe. Since the wave length 
of the light within the water layer is known as X = A/l.33 and the 
fringe width can be measured on the interference picture, the angle <Xi 
can be calculated. A horizontal flat plate would correspond with <*t" Oj 
R =00 and b » 00 f  and no interference fringe would appear in the field. 
Given an adjustment for cci 4= 0       , the perfect plate would show parallel 
and straight interference fringes. 

Figure lU represents a typical interference pattern produced by a 
water layer above a glass plate. The surface condition of a curved area 
is picked out of a large plate surface. The quantitative picture shows 
the interference lines as lines of constant distance from the water 
level. The distance, b, between the single fringes corresponds to a 
difference in height of half a wave length, V2 , of the light within 
water. Th30light used for the picture was the green mercury line with 

X   ■ 3h6lk  (Angstroem units, lS = 10-7mm). 
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f/a/2 The principle of a test arrannpmonfjifji^_ 
liquid interference method. 
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e.g. A(^i=d"r<^i 

Yi4t*& 

di'i     A      "liquid 

F/a/3  The physical nrincipb of the Liquid 
Interference Method. 
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FfgJLJl^imctBBttQm produced bQtWQQn 
tM_3urface_of_oiglass plate and the surface of 
^comparison water Layer covering the plate. 
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The little spots in the picture are small particles of dust floating 
on the water surface which do not disturb the characteristic interference 
picture• 

This liquid method is especially suitable for investigating unusu- 
ally large plate surfaces in order to determine the flexibility of 
plates and to study the deformation of plates for making optical correc- 
tions. For high quality measurements, the influence of vibrations on 
the liquid must be considered as well as the influence of temperature 
changes. However, even under unfavorable circumstances, the method has 
given some consistent results. One example is shown in Figure 15 of 
investigations on a 36 inch plate. The entire building was subjected 
to very noticeable vibrations because of construction work being done 
on the foundation. Five different thicknesses of water layer were used 
to determine their effect on the surface picture of the 36 inch diameter 
plate. The thickness was varied between 3.0 mm and O.9S mm, measured 
in two different ways with an accuracy of ±0.01 mm. In the handling 
process, very small inclinations of the plate, relative to the defined 
horizontal position of the water layer, could not be avoided. This can 
be seen by the location and form of the middle figure corresponding with 
the I-shaped orientation system in each picture. xhe photographs show 
almost the entire area of the 36 inch diameter plate. Despite unfavorable 
influences, the individual pictures for the different water layer thick- 
nesses look similar. The evaluation of these pictures through one sec- 
tion, A-B, is represented in the diagrams in Figure 16. In the lower 
part of the figure, the individual curves for the section A-B through^ 
the surface are shown. These were corrected for the shift of the entire 
curves relative to the horizontal comparison base. The superposition 
of all five curves in the upper part of Figure 16 shows a good agreement 
vdth the results of the single measurements. 

The liquid method will still work reliably without a concave mirror 
as large as the surface to be investigated. An actual surface picture 
may be obtained by moving a smaller concave mirror over the surface and 
then placing together the individual surface pictures obtained. Figure 17 
shows the surface picture of the entire area of a 36 inch diameter plate 
using a concave mirror of the same size. Figure IS shows the picture of 
a small part of the area using a small concave mirror for the measuring 
system in one position. Figure 19 illustrates how the mosaic of a 
number of adjacent small areas appear superimposed on the original full 
picture by moving the small mirror across the plate. However, it is 
much easier to work with a full size mirror arrangement where the entire 
surface picture can be taken in one step. 
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Fia 17       The interfQrp.nrp_ pattern of the surfaceof awe// 
ground and golished^gtgss_p/ate 36inches in diameter^ 

I'A inches thick, produced byJheJntirfemmJLquid method. 
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Ra 18 Interference picture of a part of the So inch diameter- 
surface and water layer obtained by using a concave 

mirror &5 * 8.5 inches. 
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Fig/Q. Mosaic strip of small interfergnce pictures across 
one section ofJhoMgi-Surfcm_ compared with the total 

surface. /Picture [Compare with Fig. 10.) 
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SECTION V 

THE FISCIBILITY OF GIASS PIATES 

In the problem of building interferometers of unusually large 
dimensions, the flexibility of the glass plates is the most important 
and difficult property to be controlled. Because of their flexibility, 
glass plates become deformed in every position by their own weight. 
The deformation caused by the weight, for instance, can be expressed by 
the deflection of plates in a horizontal position supported around the 
border. The displacement of the center is then given bys 

f = 0.696--^ E-t' 
°'696-^f = 0.696-|^- 

where     ft - specific weight of glass; hence      jf"t - P       (see Reference 2). 
This formula shows that the deflection of a plate increases with the 
fourth power of the radius and decreases wit^i the square of the thick- 
ness. 

In all cases where the flexibility cannot be neglected, it should 
be considered during the measuring and surfacing process.    In Figure 20, 
the plate in the vertical position has its natural form since the verti- 
cal weight component in this position is negligible.    In the horizontal 
position, during the finishing and polishing process, the plate conforms 
to its base and a high degree of flatness may be attained.    However, 
after the plate is returned to the vertical position,because of the 
retention of the irregularities from the horizontal position, the sur- 
face now differs from that in the previous vertical position prior to 
grinding and polishing. 

Fia.20 The natural form of a vertical unloaded plate assumes 
thpfjntness of its base as the result of its own weight 
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Because the high quality plates and mirrors of interferometers used 
for wind tunnel purposes are normally installed in an oblique position 
(normally at about 1*5°) the problem is very difficult.   An important step 
m this work is to find out the true flexibility of a well-ground and 
polished glass plate and to determine quantitatively the difference in 
shape between an unloaded plate (as in the vertical position) and a plate 
loaded by its own weight.    The condition of an unloaded plate was realized 
by floating a plate in mercury.    As long as the differences in the thick- 
ness of the plate are extremely small compared with the thickness of the 
plate itself the differences in bouyancy force are negligible.    It can be 
assumed that the plate floating in mercury is uniformly supported by the 
mercury and has the characteristics of a weightless plate.   The inter- 
ference pattern of an unloaded plate can be obtained when the plate is 
floating in mercury, and is covered by a thin water layer.    When supported 
in any other way the plate would show a different surface form due to the 
deformation by its own weight.    The difference between the basic figure 
and the figure while the plate is bent shows the true picture of the 
flexibility of the plate.    (See Figures 21 and 22.) 

The plate to be investigated was ground and polished until the 
surxaces were almost uniformly curved.   A comparison of both pictures 
^u1^9 ? Sh0WS the remar^able difference in fringes which corresponds 
fh;i chan6Q of curvature.    The picture of the unloaded plate shows 
how different the surface is from an even surface or from a uniformly 
ITllLlY^ rf JJ*1 ^^y-    The flexibility is again illustrated 
inrigure 22.    In the center area the size of an available comparison 
plate of interference quality (6» x 6») is shown in the photographs and 
the diagram of Figures 21 and 22.    It is very difficult to get large. 
SEhÄ ?l ^h Plane surfaces within a part of a wave length when the 
weight of the plates, supported horizontally around the edge, cause dis- 

flexibSitv   th^n I0 frinf ?v,°r 557ave lengfchs-    In c°2idering the 
SÄ, T S^u thG 3Urface 0f a glass P1^9 can b9 described only in terms of wave lengths for a given position of the plate and for 
a given supporting system. 

proces^aJd^^.LT1' -ft ha2^ed Veiy carefu1^ during the measuring 
£fw ?+S       ^    U?t be alloWQd *°r a plate to assume its new form 
rill       I P?sltl°* 1« changed.    It was observed that the original^ur- 
f« Si?S     +

10nS       1 well-gro™d and polished plate could be reproduced 
In a^w/^f61, handling the Plate-   After the P^e ~« standing + LMf      ■      position on a shelf for a few months, it was carried to 
surVap?^/eV:LCe

+
and ^°ated *» mer°ury. Shortly thereafter, the 

surface showed a pattern with many fringes similar to the figure when 
supported along the border and bent by its own weight.    The pStern 

of 32 Z\£« T' 5?rever> and after several hours the original picture 
of the unloaded condition was observed.    (See Figure 23.) 

r^r-a/TJnrp0SlS^f Stu?y> the two surfaces of a test plate were pre- 
pared very carefully.    When unloaded, surface No. 1 was intended to be 
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uniformly concave to show only a pure ring shaped interference pattern 
with 10 wave lengths maximum displacement. Surface No. 2 was intended 
to be uniformly concave but lower in quality and to show more pure ring 
shaped fringes. This plate was measured with the liquid method while 
floating in mercury and covered iy a water layer. The result is pre- 
sented in Figure 21*. The fact illustrated is that the original pattern 
in both surfaces was entirely different from the pattern desired. Both 
surfaces are very irregular. Surface No. 1 was more uniformly curved 
than surface No. 2. The pattern in Figure 25 shows a saddle figure 
representing a surface of low accuracy because it has two different 
signs of curvature in the same surface, and a transition between both. 
Both surface pictures are evaluated along two sections, illustrated in 
Figure 25 for the better surface, No. 1, and in Figure 26 for the poorer 
surface, No. 2. 

Upper surface No. I Lower surface No. 2 

Fig-fr. The actual/surfaces of a well around and polished sample plate of36inch4A/nch thicK 
I'A inches th/cK. prepared as a plate with ring shaped pattern when unloaded. 

A perspective representation is made for surface No. 1, (Figure 27), 
demonstrating some of the basic problems connected with the problem of 
building interferometers of unusually large dimensions. 

It is the belief of the authors that this problem can be solved '• 
only by controlling the flexibility during the grinding and polishing 
process and by uöing a quantitative measuring method which permits a - 
picture of the entire surface in one step. 
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Surface No. I (Glass Plate No. I; M/^) 

7ttÖmm~Ö65-Öö'hch 

Fig 25 The actual surface profile of a welt ground and polished sample plate 
36 inches in diameter, I'A inches thicK. prepared as a plate with a uniformly 

curved surface and only a few rings in the pattern. 

B 

X 
25-T50 

m5mm°*S6W5inch £; 
bn- --An a 

//b^fc* 

Surface No.2 (Qlass Nate Nal;3i//t) 

A 

Fig. 26. The actual surface profile of a well around and polished sample plate 
36 inches in diameter. I'A inches thick, prepared as a plate with a uniformly curved 

surface and a laraer number of rings in the pattern than in surface No. I 
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Surface No. I {Ufa) 

ßg.27 Perspective representation nfthe actual surface of the well around and nnlishpH 

sample ninte 36 inches in diameter. I'A inches thick 

SECTION VI 

OPTICAL CORRECTIONS BY DEFORMING REFLECTING SURFACES 

In the previous discussion it was determined that the accuracy of 
36 inch plates should be 16 times higher than the accuracy of 9 inch 
plates. If small plates with about 1/h fringe over the entire field 
represent the average which are available for interference purposes, 
the difficulty of increasing this accuracy 16 times in order to get 36 
inch plates with 1/1+ fringe inaccuracy over the entire field may be 
appreciated. The question arises whether or not it is possible at all 
to obtain such qualities on large thin sheets by ordinary grinding and 
polishing and at reasonable cost. After it was found that optical cor- 
rections could be made by deforming reflecting surfaces of small inter- 
ferometer mirrors having slight but uniform curvature, the first step of 
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deformation on large sheets, 36 inches in diameter, was attempted. (See 
Reference 6.) One of the plates described in the foregoing section was 
used as a test plate in spite of the fact that its surface quality was 
much too poor for any interference purposes. 

The liquid interference method was used in order to find out what 
amount of deformation could be realised on large plates of the size under 
consideration and how the deformation process worked. One example is 
illustrated in the four photographs of Figure 22. The test arrangement 
was the same as shown in Figure 13 except for the supporting system for 
the plate to be tested and deformed. Photograph 1, Figure 20, shows the 
interference pattern on the surface of the test plate when the plate was 
unloaded by floating it in mercury. Photograph 2, Figure 2S, shows the 
same plate while supported on 12 border screws of a deformation support 
plate. Only a thin water layer rested on the glass plate surface; hence 
it was, in effect, loaded by only its own weight. Each border screw was 
opposed by a counter screw to fix the location of the plate when more 
screws from underneath were used to deform it. The almost symmetrical 
appearance of the surface figure of the plate while bent by its own 
weight in Photograph 2, Figure 2S, was the result of a careful adjust- 
ment of the 12 border screws. The initial figure appeared very different 
and irreg\ilar. The main idea of the tests was to find out how the 
bending process worked if only the center screw were used, and what im- 
provement of the result could be expected when a number of deforming 
screws were used» 

Photograph 3, Figure 22, illustrates the plate surface when the 
plate was lifted by the center screw so far that the former concave sur- 
face had already changed in the center area to convex and the plus and 
minus displacements had about the same average value. The evaluation of 
this photograph at three different sections is shown in Figure 29. It 
shows that, within the main part of the surface area, the total displace- 
ment could be reduced to about 1/20 f with the center screw only. 

The next step of deforming the plate with a number of screws is 
illustrated in Photograph k>  Figure 2S. It was found by the experiment 
that no definite relationship for the bending could be established if a 
number of screws were used,b ecause each screw spreads its influence 
over the entire area in an uncontrollable manner. Illustration k> 
Figure 2S, represents the average condition which could be obtained. 
As seen in Figure 30, the result was almost the same for the larger part 
of the surface as it was by the deformation with the center screw alone. 
Only the border area was somewhat improved, indicating that the elastic 
characteristics of the deformed surface are largely controlled by the 
effect of the center screw. 

In the present example, with a relatively poor plate, better results 
could not be expected. Of course, in a practical use of the deforming 
process for making optical corrections, the curvature of the shaped plate 
should be uniform (i.e., showing a ring shaped interference pattern when 
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Basic surface pattern when unionriM 
Nouniformity. Plate floating in mercury 

Plate deformed bv its own weight, when 
supported on 12 border screws. 

Deformation made by only one center screw Deformation made bv a number of 

different screws. 

figMIbLbfl!mcQ_of the deformation on the surface shape of a well 

ground and polished glass plate 36'inches in diameten I % inches thick. 
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Fig. 29 The deformation of a well around and polished glass plate 36 inches in diameter, liinches thicK 
by only one center screw while supported between 12 screws and lock screws along the periphery 

Rnjnjhojipfnrmntmn nfh well around and polished a/ass plate 36inches in diameter, I'A indies thick, 
by several screws while suonnrted between 12 screws and locK screws along the periphery. 
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not loaded) and the number of fringes should be much smaller.    If, for 
instance, a plate would show 10 ring shaped interference fringes, corre- 
sponding with a total displacement of 5 wave lengths, and if the same 
correction could be obtained, that is, to ± 1/20 f, the -final accuracy 
°Lthe £4te ™*d then correspond with 1/2 fringe, or 1/2, \   displace- 
ment.    Tnis could be achieved by deforming the elate with the center 
screw only.    As soon as glass plates of the size desired with a uniformly 
curved surface are available, the next step; to deform and study such 
plates; will be started. 

SECTION VII 

SUMMARY 

<    +J
hLbi?K^problem arising ^ the construction of interferometers 

is the flexibility of large, relatively thin, glass plates.    As far as 
is known, no quantitative measuring method existed up to the present for 
making exact surface pictures of the entire area of unus.ua llylaree 
plates in one step. ^w^w J«KB 

An interference method is described for measuring the surface condi- 
tions exactly,    ifeter layers were used which covered the surface to be 
measured and interference phenomena produced within the liquid layer. 
2T?M?SS? layers are almost absolutely flat and steadily horizontal. 
On this basis, quantitative measurement en 36 inch diameter plates and 
stepT Pictures, showing almost the entire area, were made in one 

i^^T!jeKin*!rfer^Ce liquid method used for the 36 inch plates is not 
limited by these dimensions.    It should work just as correctly for any 
desired dimensions of plate surfaces because of the nature of liquids to 
be flat and horizontal, if free from disturbances.    The flexibility 
fnv^ofj1?38^1^^ * fnches in diameter by 1-l/i, inches thick was 
lTlltS   I*   7 thf llquid inference   method in connection with differ- 
ent supporting systems.    The condition of an unloaded plate, as if standing 

Sa s^^V031^011' WaS realized * floatine ^e plate in mercury. The surface pattern of an unloaded plate shows the basic surface fom 

Saped^Sern! t0 * unifoi"aar Curved surface showing a pure ring 

«^^ofT7^^01^^011 Process connected with the flexibility and caused 
or" ^h^V'i?* °f thf Plate When SUPP°^^ in the desired position, 
sLrtS tZ^•\aG^ma *? °rder to mke optical sections, was 
«ZilL r     ?"? baS1C patterxl of the ^loaded plate.    Remarkable improve- 
ment was found when using a center screw only for deforming a 56 inch 
^™      S^ss plate which showed about SO fringes when supported with 12 
S a'bou^/Sn *? PeriP?e^%  The *<** amount of deflection was reduce? 
IL £? V?    °f ?* °rleinal deflection.    Using a number of screws for 
the deformation, instead of the center screw only, did not bring a 
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remarkable improvement of the result. This means that the average condi- 
tion is almost dominated by the effect of the center force only. This 
result seems to be very promising for deforming plates with a uniformly 
curved surface and with as few as 5 to 10 pure ring shaped fringes as 
the basic figure. 
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