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FUND FOR ASTROI";YSICAL RESLANCH
Incorporated

Contract N8onr-578

9th Periodic Statuz Report
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::}' Studies of Obsidian as a llaterial for Making Astronomical Mirrors

June 16, 1954 to June 15, 1955

>

During this period no further samples of obsidian -have been
collected in the field, The principal effort has been concentrated on
grinding and accurately figuring mirrors for testing, including one f{rom
the largest single piece of obsidian that is available, so that tae
performance of the matérial under normal operating cornditions in a
telescope can be cvaluated. lleasureiments of the ther.:al properties of
ovgidian llave been made, and measure.ents of other pnysical properties are
beiny completed. | ‘7?»

ORSIDIAN MIRRORS

The following mirrors have been figured, or are in tie nrocess

of beiny; fisured,at the present time:

A, 12" Parabolic liirror (Glass lountain)

This nmirror wos gr~rund and figured for the Sandia Corporat-on
by the Ferson Optical Compan:ye It was nade from tie tutt end of one
of th2 bouliders oitained from Glass llountain. The natericl conta:: 3
rans cavities, avout 0.5 to 1.0 ma in diametor, unc for tiis reasqn,
although the cirror has been accurately figured, it scrtters 1i :al to
a gcrious extent. Tiao irdividual niecce of o.sidien from vhich it was
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made probably includes impure obsidian at one side of the boulder.
It is obviously greatly inferior to matericl in otier parts of
the boulder, which rroduced excellent mirrors.
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B, 12% Srherical Mirror (Obsidian frca Hrafntinnuhryggur , Iceland),

The material is of extremely high quality. The mirror has been '
figured accurately spherical (30 feet radius) by the Ferson Optical Goey
and will be tested at intervals, several months apart, over a period
of sears to test tue permanence of figure of obsidian from this source
in Iceland.

C. 137 Parsbolic Mirror (Cbsidian frox Hrafntinnunryggur, Iceland).

This mirror, made from the same boulder as the preceding mirror,

has been figured accurately parabolic with a focal length of approximately ’
45", so that it can be instzlled in a small telescope and tested under
astronomical conditions, with exposure to variations in temperature.

D. 197 Spherical Hirror (Obsidian from Reykjadalir, Iceland).

The slab from vhich this mirror was made is the largest that

PR TR IONT

2 could be cut fron any of the ioulders ovtained in Iceland. It wes ;
3 fomd on tie dome (Hrafntinnusker) just south froa the valley at
3 Reykjadalir. Waen the surface of the disc was polished it was seen to
H. contain a very consideradle numter of white inclusions, about 2 mm in
: diamecter, so that the mirror would inevitably scatter a consideratle
' amunt of liznt. For this reasen figuring was not carried beyond the
. prelimirory stages. Nevertheless, the deviations from a perfect spaere :
£ ) are not large, and tae mirror will provide additicnal information about ;
the permanence of figure of obsidian mirrors.
3 E. 31" Parabolic firror (Obsidian from Glass xountain, Colifornia). :

= B This is the largest wirror tust is being mede under the present ) 1
“ project. The disc shows slight banding, but only a few sm2ll inclusions.
‘: It was cut from the same toulder tuat proviced the disc for tae 3l-inch 4
= mirror that was nade by the Ferson Optical Co. for Johns ilopkins University 5
; uncer an ONR contract ('




- The nirror is being fijured paratolic with a focal length
of 5.05". An 8% convex hyperbolic obsidian mirror will be figured, so
that the two mirrors can te mounted togetlier as a Cassegrain system in
a coude telescope. This will give an opportunity for tie first time to
test the rerformance of obsidian mirrors of ccnsideratlc size in a telescope
under operating conditions.

Tae figuring of the mirror is =einz done by Fred B, Ferson and
Peter Yenart at the Ferson Optical Company. At tae present time the surface
is well polished and shows few defects of any kinde. The figure is very
closely parabolic, tut work will be continued until deviations from the
ideal curve do not exceed one-quarter wavelength of green light (0,000,005 inch).

Testing has been carried as far as is feasible with the knife-edge
test alone, In order to facilitate accurate and reproducible testing-of-
individual zones, a metal diaphragm has been made at the Institute of Optics,
at the University of Rochester, This contains 20 pairs of circular apertures,
each 1,07 in diameter. The centers of tae openings correspondinz to zcnes
with radii that increcse by steps of 0.75". Even and odd pairs of opewings
in the series lie along diameters at rignt angles to one another, so as to
avoid overlapping of the apertures for adjacent zcnes (Fige 1)»

Zonal measurements-are being made in two ways: (1) with an
iurinated pinhole and knife-edge mounted together as a unit, at the center
of curvature, and (2) with the pinhole at the long focus and the knife-edge
at tine short focus of an ellipsoid,

~ In tae first case the displacements of tie knife-edze for various
zones ars

€

ZR

{4 X-E) centx;al curvature <=

L)

where » is tie radius of an individu2l zone and R ie the radius of curvature
at tae yvertex of the mirror.
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In tiae second case, the displacements of the Imife-edfe
ares

0, B O LG e !

2
2 12 2 op2 2
4 T M b 0 (oF5 ~ OFy)
s (8 KoE) oilipsoid ® wam s oome e & e o oL, ~ 2
R R® a° R R (ORp+OFy)
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; 2 and b -are the semi~major and semi-rinor axes, @) dis the distance

£rom the vertex (0) 4o 4hs-siorter focus ( Fy) ef the ellipsoid and GFp
3 is the distance fron the vertex to the longer focus (Fp).

The test in which the figure of the paraboloid ie coupared with
that of an ellipsoid nas definite advantages as compared with the test at
the center uf curvature bLecause the desired curve agrees more closely
with an ellipsodd than wWith a sphere. Displacements of tae knife-edge
for each zone are smaller, in the ratio .:’; « The displacements are still

further reduced in the rativ XL because the knife-edge is closer to :

—~

the mirron, but this of comrse does not add to the sengitivity of ‘the terse
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The displacements of the knife-edge for a perfect paraboloid,
31" in diameter with 210" radius of curvaturesare showm in Table I, for

the two methods of testing.

Table 1.

- - -

Z>na Mo. Radius of
Zone

Test at
Center of Curvature

Knife-Edre Setting

1,25%
2,00

: 20 75
3050
k.25

5.00
575
6.50
725
8.00

8.75
9050
13 10.25
ik 11.00
15 11.75

16 12,50
17 13.25
1 14,00
19 3475
20 15.50

0.0037"
0085
.0180
0292
0h30

+0596
+0787
«1006
01252
152k

1323
02149
22502
.2321
.3287

«3720
«i180
olid

5180
5720

Test at Near Focus
of Ellipscid

0.0019"
0048
0090
0146
00215
00298
+039%
-0503
0526
0762

<0912
1075
<1251
o1l
016kl
.1860
<2090
02333
«2590
«25560

In the case of the test at the center of curvature, the calculated
displacements are cased on the pinnole and knife-edge poving together as

a unit. But when testing at tho short focus of an ellipsoid, with the

source at the long focus, the source of course remains fixed in positione.

It seems likely that the test at the short focus of an ellipsoid
has marked advaniages, as compared with testing at the center of curvature,
because as the ellipsoid becomes 'longer the .tuations approaches a nuli
test. The merits of this tet will be investigated because of its general
interest for optical work, quite apart from tae present apnlication to an

obsidian rirror.
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Thermal Properties of Ovsidian

The coefficient of thermal expansion has been ieasured
cn samples of obsidian by Professor Kxthryn A. ¥cCarthy at Tufts College,
usin~ the cquipment Adescribed by Ballard, HcCarthy ard HacLeod
(J3.0.8.4., L1, 871, 1951). The coafficient of tiaermal conductivity
has Leen measured by Professor Lowis A. Comtes, at Tefts, using the
interferometric equipment developed by Ccmbes, EacLeod and Dallard

(0% TR X AL VTG IR L

e T oL LA Nk

%

§ (J.0.s.A. Ll, 3L5A, 195k).
f Sauples fram the following locations have been prepared oy
P cutting them to the dinensions shomn in Table II, and fine grinding the
: surfaces:
5 Tceland Hrafntinnchrygeur
% Icelard Reykjadalir
Califormia Glass Mountain
Hew Zealand Mayor Island
Table 11
Sample Nu. Obsidian Source Thickness Cross ixis
Specimen No. T Section lieasured
LR
L 225 Iceland-Hraf. .50 310,98 x 11,00 a-a¥*
5 225 Iceland-Hraf. 7087 10.98 x 11.00 a-a®
6 326 Ice].and-fteﬁ(o bnso 10.93 X noOO C=C
7 326 Iceland-Reyk. L.50 10,93 x 11.00 a2
8 326 Iceland-Reyk. L.50 10,98 x 11.06 b-b
9 iz5 Csliformia-Glass &t. LS50 10398 x 11.00 a-2
b (o] i25 California~Glass ¥t. L.50 10.98 x 11.00 rn-c
1n 33 New Zealand-
Kayor Island L.50 10,98 x 11,00 a-a'®
12 3 Few Ze~land- ;

?53.}'01‘ I?land h.so 10098 X ncoq C=C

# No visitle stoic e, Axis defined only Wy dimensions of boulder {
(a-2, lungest dimensicn; c-c siaortest dimension) ‘ :

Xote: Then striae are visiile, azes are defired as follows:

a~2 3in plans of strize, in dirccticn of longest dimension of boulder
a b=b in plane of strize, in direction of shorter dimensicn of boulder
e ¢-c percendiculcr Lo plane of strize

Y
[
’
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Preliminary results for taermal conductivity are as foliows:

3
2

Table 111

3

o}

Taermel Expansion

bt 1

Sample Cosfiicient of
Expansion  (c°-1)

.
s
S

3 Obsidian No, 9 5,38 x 10~6
: 11 (two orientatiocns) 6022
3 1 S.hl
, T {two oricntations) 5015
7 7 5.66
12 {two orieriaticns) 5.31
2. 12 5.15

Corning (77L0) 3.1k
3.13

Corning (7160) 2.50 4
2.51 :

PER Ig)‘i”."? AN RS DAY

The results for tliermal conductivity are as follows:

Y
o

Table IV
Therma2l Condugtivity

Direction of Flow, Thermal ConductivitI
relative to striae (Cal gecd cpt ¢©- )

no striae 2.43 x 10-3
i 2.55
+ 2.8
i 2.55
] 2.52
1 2.

P per T O KB e 4h o d AN U )TN

HﬁSwwm\n:" ,g
13

f: I i 2075
i 2.58
Corning (7740) 2.5
Fused Silica 2.8
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The results indicate that the thermal expansion of cbsidian ” : ;
H K
is aporoximately +wice as great as that of Corning 7160 glass, and that L
thermal corichivity is almost the same for the two materials. This suggests

that, on ti., basis of thermal properties alone, obsidian mirrors up to
anout 30 inches diameter may be expected to give reasonably satisfactory
perforvance under the conditions to whlch astronomical telescopes are’

ELAY PP ey

subjected. -
. \\\'&\5"; ‘ ;:.
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Perncnence of “igure of Obsidian Mirrors 58 = }}»" 3
. & oA j

Tests of the 40" diameter spherical obsidian mirror (radius 240%) };;(.;31-&“’\ Z

b wwr poc2 in 29)0 show no detectatle changes in figure. The figure willy . *

NS4
T $»

thin secticns in order to coamplete the examination of microscopic structure. ;}f;gi ™«

NS

be mriaawe in the futury for as long a time as possible. {t.’f"): \;.é‘ E
. .o -2

X ) FLTO b

N ("t‘. 4

A considerable number of samples of oosidian are being ground as Q&x": *o}.{’ . f

H

L

The variations of level in polished surfzces of a series of oosidian mi '““:\,;_x;\"“\‘::“"
will be measurcd with a Zeiss interforometer microscope at Bausch and Loub, 'i:_;—'\“x ' ‘
as soon as the group of mirrors has been completed. .

.;
Scattering of Light by Obsidian Uirrors :

It was stated in the last progress report that scattering of light
by obsidian mi:rors would be measured titetively. This is to be done
with sensitive photoelectric equpnent%gnow nearly ready for use, and every
affort will be made to make the meesures in time for inclusions in the final
report under this contract. It seems clear that reiiable measurements of
scatiering are of great importance in evaluating the usefulness of obsidian.

Py

Publications
A paper entitled " Thermal Conductivity and Thermal Expansion

of Obsidian™ was read by UcCarthy, Combes, Ballard and Dunham at the mceting

of the Optical Society of America in Few York on April 9th. This describes the
prelininary measurements that were in progress at Tufts College. A paper with
the same title and Uy the same authors is in preparation now, and will describe
the final results of these measurements. This papsr will be presentecd to

the Journal of the Optical Society of America.
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Conclusions

S

On the baslis of the data and experience that has been accumulated
to date, it seems clear that mirrors up to 30 inches can be made successfully
fron o:sidian, and that the cost for :aterial will ordinarily be about one
sixth of the cost for glass discs of good quality. This cost would be
greatly reduced if ncterial for a considerahle number of mirrors were
acquired at one time. On the other nand, obsidian has no obvious advantages
as cormpared with low expansion glsss. Accordingl;-, it will in all
protability be used only wher cost of material is an important consideration
or whan ths need for a mirror is urgent and the time required for annealing
would involve a serious delay. Under emergency conditions, o..sidian could
serve an extremely useful purpose for Goverrment requirements, in that :
it could be substituted for glass in many instrumentsa i

275 R UL U w&’.“.‘ﬂ'\’u‘wé» ,Q(“lx‘;{_‘lL;\yl@‘t),z\}i\‘.;:.)'\dh‘?a 1 2aR an e ey B Landd PAb

Plang for tne Immediate Future

The 31" mirror will be completed as rapidly as possitle by
the Ferson Ontical Companye. Until recenily, the pressure of other work
for the Government has made it impossible to work continuously on the
ovsidian project there, but this situatior is now greatly improved.

Tl 2SI

A

ISR T D U TR Y B

The remaining measurements on physical propoerties will bs made
as quickly as possibleo The final report will be com:leted in the near
future,.

T.Du-n-ﬁam, Jro
Principal Investigator

Rochester, New York
June llb 1955
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