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The re a re se ve ral glasses a nd glas s-ce ramics avai la ble loda y which have low coeflici c ill s of I he rrn a l 
expans iun -some near ze ro. For thi s reason they oft e n se rv e as s ubs trat e s for mass ive llIirrors in orbil. 
In urder 1'1)1' s uch a mirror 10 e nju y a life lim e of 5 years or mo re of diffrac liun -limil e d se rvi cC'. lh e s ub ­
s tral e mus t he dim e ns iona ll y s ta hl e a nd Ihe re b y prese rv e Ihe or ig ina l fi ;!ure. 

Ea rl y in 1967. il was decid ed Ih a l Ihe Na lional Burea u of S ia ndard s a nd C ornin ;! Class Work s 
would und e rtak e a juinl e ffort II) me as ure Ihe le nglh s 1)1' s ma ll samples o f s uc h mal e ri a ls o ve r a pe riod 
of years. Th ese meas ure me nt s we re comple le d in 197 1. 

The average le ngth ch a nges in pa rt s pe r million o f Ihc four mal e r ia ls 1 se lec led a re as fo llo ws : 
Co rnin rr Code 9623 a " lass ce ra mi c - 0 30 
C(1 rnin~ Code 7971 a ~I a nium s ili cat e - 0:37 
Curnin g Cud e 7940 a vi lreo us s ili c a - 0.47 
Co rnin g Code 9622 a g lass-ceramic - 1.03. 

Key words: Dime nsional s tability ; glass; glass-ce ramic; inte rfe ro met.ry. 

1. Technique 

The gJass gau ge bloc ks are 1" X 13/8" X 3/8". They 
were wrung to opt ica l Aats at the beginnin g of th e study 
and ne ver re moved. The Zeiss gau ge bloc k interfe rom­
e te r at NBS was used with the 5461 A line of Hg 198. 
The fringe patt e rns from the top of the sample and 
from th e optica l Aat on eith e r s id e re lative to a refer­
ence Aat were record ed on hi gh speed 35 mm film. 
It was assum ed to be unlike ly that the order of inter­
ference, 93,000 or so, would change as much as one. 
Thus we recorded on ly the frac tional displacement 
of the block fringes relative to the platen fringes. 

The negatives wer e scanned three times by a micro­
den sitometer. The data were smoothed by computer, 
fringe centers computed, and the fractional displace­
ment at the gauging point calculated. 

The interferogram co ntains 5 to 8 fringes on the 
gauge block and an equal number on either side from 
the base Aat. All of this occupies a 6 mm circle on the 
35 mm film. Usually four negatives (two from each of 
2 co nsecutive days) are averaged to obtain a bloc k 
length. Th e observed le ngth is co rrected for ambient 
conditions to 20 oe, 760 mm Hg and 10 mm of wate r 
vapor. The fringes are cos~ Fizeau fringe s. 

"' The authtlr perf~ .nned [his w~.r" whil e hI' WilS a n Ind us tr ial Hcsearc h Ass!lc iatt' a t tile 
i\a ti ll rw l Bure au uf S t,mtiards.: ]->rese nt address: Curnill:.! C la ss Works . He st'a rc h and De· 
vel11 prncnl l . aborat~lr y. Tedmin d S taffs Di vis io n. C"rIling. New Yurk I 48:.W. 

r The mirror material s a n ' id(, llli fie d hy brand nam(' and eod e number to specify p rec ise ly 
what was measured . Th is identification does 110t impl y a produ c t endorse ment hy the Na ­
t ion al Bureau Iff Standards. 

The original ex perim e nt call ed for three se ts of 12 
samples eac h from each of four mate rial s, [or a tota l 
of 144 samples. For a number of reaso ns, we e nded 
up with 94 acce ptable sur vivors a nd th ese are re­
ported on here . Some of th ese sa mpl es we re exposed 
to pressure cyc ling or te mperature cycling as described 
later. 

Th e te rm " length" in thi s re port refe rs to the optica l 
length of the gauge bloc k. It inc ludes th e physical 
length , the thi c kn ess of the wrin ging film, and any 
contribution du e to a diffe rence be tween the phase 
change upon re Aec tion from th e sample and the 
phase change from the plate n. All platens were made 
of Corning Code 7940 material , a vitreous sili c a. 

2. Precision 

There are many fac tors whi ch affec t our preC ISion. 
There are also se ve ral improv eme nts we co uld make 
in the techniqu e -looking back at th e experime nt. 
However, we feel that the limitin g precision on good 
bloc ks over a lon g period of ti me - using thi s tech­
niqu e as is -is about 6u =30 millifringes , or s lightl y 
ove r 0. 3 ppm . 

Precision is affected by the Aatness and paralleli sm 
of th e blocks and platens; by th e acc uracy of the cor­
rec tions for atmosphe ri c pressure, temperature , and 
humidity ; by th e place ment of fringe s by the operator 
and nature over the years; by the fidelity of the photo· 
graphic record; by the precision we can attain in 
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extrac tin g the data from the film; and by the quality 
of the computer algorithm which converts these 
data to physical lengths. Some of these areas are 
discussed below in detail. 

The average difference between pairs of negatives 
made in quick succession for the I-year data was 
less than O.OlO fringe. For the latest 3-year data, this 
increased to 0.016 fringe , due apparent ly to poorer 
image contrast. 

A set of 11 negatives, which was exposed September 
16 and November 4, 1968, has been used to establish 
the precision of the technique and the permanence of 
the photographic information. These same negatives 
have been measured on fi ve separate occasions. The 
second and third times were 6 and 29 months after 
the first , respectively. The fourth and fifth times were 
on a si ngle day about 31 months after the first, so that 
the negatives remained in alinement in the micro­
densitometer for both runs. 

The average spread for the first three runs is about 
0.005 fringe ; for all five runs , it is about 0.0075 fringe, 
and for the two consecutive runs on 4-26-72, it is 
less than 0.003 fringe. 

Three scans are made in the x direction at three 
different y locations. The central sample scan has two 
symmetric platen scans just 2.3 mm full scale (0.46 mm 
on the negative) from either edge of the sample. If 
any x scan is repeated without any adjustments being 
made, the fringe locations repeat to 0.001 fringe. The 
fringe separation was 600 to 1200 !J-m. Intensity every 
8 !J-m was recorded. Recording every two micrometers 
did not imp~ove the precision enough to justify the 
expense of handling four times as much data. 

Since the image of the block is on ly 2000 !J-m in 
width, an error of 25 !J-m in alinement will produce 
an error of 0.003 fringe with an out of parallel of 0.25 
fringe, across the 9500!J-m (3/8',) face. 

The data are as follows: 

Displacement in Fringe Fractions for Card] 04 

Date Measured 
Fi lm No. 

9- 30- 69 3- 20- 70 2-16- 72 4- 26- 72A 4- 26- 72B 

I ...... 0.3444 0.3411 0.3423 0.3469 0.3441 
2 ........ .... .3422 .3417 .3432 .3471 .3435 
3 .. . 7077 .7070 .7035 .7093 .7113 
4 ..... . ..... ... .7093 .7151 .7143 .71 60 .7177 
5 ..... . ... .... .0913 .0356 .0366 .0900 .0922 
6 ...... . ........ .0919 .0393 .0396 .0905 .0937 
7 ...... . ...... .7314 .7362 .7300 .7330 .7309 
3 . . . . . . . . . . ... .7444 .7427 .7379 .7453 .7430 
9 . . . . . . . . . . . . . . . 2961 .2366 .2959 .2937 .3014 

10 .... . . .. ..... .2394 .2336 .2369 .2900 .2939 
11 ... .. .. ... ... .3053 .3015 .3044 .3070 .3044 

Avg .......... . .5140 .5119 .5123 .5153 .5]60 

De viation 
from Grand 
mean ... ....... 0.0000 - 0.0021 - 0.0017 + 0.0013 + 0.0020 

It is apparent that 1 and 2, 3, and 4 etc. are repeat 
negatives of the same block. 

Two of the three microdensitometer scans are on 
the base flat along either side of the gauge block. The 
third is halfway between, down the center of the block. 
The computer reports all fringe and crosshair positions 
detected. It also reports halfwidths and intensities. 
The program, however, uses only two of the block 
fringes and the next surround ing pairs of platen fringes. 

The program might well have been written to be 
more informative by putting to use al l of the incidental 
data. As an example, table 1 shows the intervals in 
micrometers between successive pairs of the six 
fringes detected on film 1 of card lO4 for the five runs 
described before. 

TABI.E 1. Precision oj Fringe Placement for Film I on Card 104 

Left Plat en Scan 

9- 30- 69 913 913 903 959 950 927.6 
3- 20- 70 903 915 397 966 947 926.6 
2- 16- 72 912 912 903 959 942 926.6 
4- 26- 72 907 915 909 954 943 926.6 
4- 26- 72 905 915 909 954 949 926.4 

909 914 905 953 947 926.3 

Sample Scan 

9- 30- 69 973 975 955 939 969 972.2 
3- 20- 70 964 974 955 935 974 970.4 
2- 16- 72 971 971 957 937 963 970.3 
4- 26- 72 965 974 953 934 973 970.3 
4- 26- 72 964 975 953 934 973 970.3 

967 974 957 936 97] 971.0 

Right Plat en Scan 

9- 30- 69 933 376 933 946 955 929.6 
3- 20- 70 931 374 939 943 957 923.3 
2-16- 72 941 375 933 943 947 923 .3 
4- 26- 72 931 375 942 940 955 923 .6 
4-26- 72 930 375 943 933 956 923.4 

933 374 940 942 954 928.3 

Several conclusions can be drawn about the sample 
and th e flat, as they were in the fall of 1968. The con­
clusions are based upon those points of the surfaces 
intersected by the three densitometer scans . 

For example: 

(1) The left platen surface lacks about 0.002 fringe 
of being parallel to th e right platen surface, in the 
areas scanned . 

(2) The sample surface is about 0.047 fringe out of 
parallel with the platen surface . 

(3) The three surfaces have localized areas out of 
flat by as much as 0.057 fringe, 0.030 fringe and 0.085 
fringe respectively. 

(4) The Kodak 2485 film 2 with an Estar base must 

2Cntain (;o lllnll'rcial pn.ducts a re id c nlih t'd in ~Jr(icr to ade quate ly specify the {'x pc ri · 
me ni a l pro('cduf(' , In no ('a s(' docs such identifi c ation imply recomme nda tio n or e ndorse­
me nt b y the Natiuna l Bureau of S tandards nor does it impl y lhat th~· produc ts identifi ed 
are necessaril y the bes l ava ilahle fo r lil t, purpose. 
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itse if be dim ensionally stable over the 31 months, to 
within a few parts per thou sand. 

(5) Th e sample surface is more nearl y fl a t th a n the 
plate n surfaces. The average deviation from a leas t­
s qu ares strai ght liLe is onl y four parts in 970, for the 
sa mple surface . 

(6) The average di sc re pan c y in frin ge loca tion for 
two s uccess ive run s is about 213 mi crometer. 

3. Environments 

A se t us ua lly co ns ists of nin e I -in ch gauge blocks 
(3/8" X 13/8") wrung to a Corning Code 7940 optical 
flat. Th e Cornin g Code 9622 e xpe ri e nced a mbie nt 
co nditi ons onl y. The three oth er mate ri a ls al so had 
a dditional se ts whic h were subj ec te d to uniaxia l com­
press ion cycl ing, para ll e l to the ga uging direc tion, 
fro m 0 to a bout 14.1 Kg/c m 2, or to te mperature cycling 
from - 2° to + 52° Cels ius . The time re quired for e ith er 
cycle was 1 h. A se ri es of 1, 10, 100, and 1,000 tota l 
cycles was used. Th ese forced e nvironm ents we re 
a ll co mple ted be tween th e 60-d ay and 365·day data. 
Exce pt for thi s tota l 1,000 hours, a ll othe r storage 
was in the sa me we ll ·controlled roo m with th e " am­
bient" sampl es . Ambi ent humidity during the meas ure­
me nts had values ra ngin g fro m 22 to 62% R.B . 

4. Summary of Data 

All but some of the ea rli est da ta cons is t of th e 
average of four inte rfe rogra ms, two from each of 
two u ~ u a ll y consecutive d ays. Zero tim e was the 
d ay of the fir s t meas ureme nt. Th e othe r re port ed dates 
a re nea r th e 1 month , 6 mo nths , 1-, 2-, and 3-yea r 
inte rvals . See ta bl es 2 through 5. Th es e data were 
norm ali zed by re porting the de vi a ti on of each bl ock 
a bo ut its mean for 3 years (3. 1-3.4) in millifrin ges. A 
value of 50, for exa mple, is equivale nt to 0.050 frin ge, 
or about 0.54 microin ch. 

Lis ted be low is a s ummary from tables 2 through 5, 
whi ch rank s these four ma te ri als in order of decreasing 
s tability. The shrinkage fi gures in pare ntheses are 
the values obtain ed if one ave rages the firs t two data 

TA BLE 2. IndividuaL Length Changes in MiLLifringes 

Corning Code 9623, Pressure 

Days 0 53 156 373 772 1238 Il 

Sa mpl e: 
A- 2- 7* . .. ........ - 1 0 - 14 5 13 - 4 -3 

8* .... ..... . - 9 2 - 33 10 22 8 17 
9*. .... . ... .. - 7 - 9 - 4 10 17 - 5 2 

lJ * .... . . .. ... . 3 - 1 - 10 - 6 14 3 0 
12* ..... . . .. . .. 8 9 - 22 0 9 - ] - 9 
]3* .... . . . . .. .. 9 - 1 - 4 6 3 - 10 - 19 
15* ......... . .. - 13 - 5 - 4 17 8 0 13 
16* .. 25 20 - 31 1 - 8 - 9 - 34 
17.. . . . . . . . . . . . . 30 30 - ]9 0 -4 - 34 - 64 

Ave rage . . . ... ... .. 5 5 - 16 5 8 - 6 - Il 

T A BLE 2. IndividuaL Length Changes in MiLl ifringes - Co ntinued 

Cornin g Code 9623, T empera ture 

Da ys 0 43 ]26 374 735 11 89 Ll 

Sa mple : 
A- 3- 7* 16 5 - 5 - 14 - 7 8 - 8 

8* 19 13 II - 2 - 21 - 21 - 40 
9 79 34 - 8 - 38 - 35 - 34 1- 113 

12 ..... 3] 37 - 8 - 10 - 20 - 29 - 60 
13 . 44 33 - 16 - 21 - 12 - 27 - 71 
15* ]9 II - 21 I - 1 - ]1 - 30 
16 * .. .. 14 40 - 3 - 18 - ]7 - 15 - 29 
17 .. 58 60 - 2 - 21 - 30 - 62 - 120 

Ave ra ge ...... 35 29 - 7 - 15 - 18 - 24 - 59 

Co rning Code 9623. Ambi ent 

Days 0 34 215 366 732 1208 Ll 

Sa mpl e: 
A- I- 7* 8 14 - 6 5 - 18 0 - 8 

8* ....... 24 6 0 -7 - 10 - 11 - 35 
9* 8 - 4 - 7 19 5 - 21 - 29 

12 ...... . ... 24 7 14 2 - 20 - 28 - 52 
13* ......... 9 6 II ] 6 - 33 - 6 - 15 
15* .... .... .... - 24 - 2 - 1 22 7 0 24 
16 . . . . . . . . . . 28 16 - 3 22 - 43 - 22 - 50 
17 * . . . . . . . . . . . . 10 3 - 12 22 - 27 4 - 6 

A verage ........ . . .. II 6 0 13 - 17 - ]] - 22 

Corning Code 9623. Ambie nt 

120 245 
Days 0- 40 190 310 375 730 1125 Ll 

Sampl e: 
A- 2- 6* ..... . .. - 6 - 14 - 5 3 23 - 3 3 

10* .. ... .. .. .. 5 - 16 11 15 20 - 36 - 41 
A- }- 6* .. ... . .... . 4 - 4 - 2 9 - 1 - 3 - 7 

10* . . . . . . . . . . . - 3 - 17 5 3 9 2 5 
14* .. . .. . ... ] 3 - 19 - 5 6 2 1 - 12 

A- 3- 6* . . ... . ... . 22 - Il - 9 5 10 - 17 - 39 
10 .. . ... .. .... 38 - 4 - 2 1 7 - 39 - 77 
14 * ....... . . . 14 - 6 4 - 6 - 3 - 3 - 17 

Aver age ... . .. ... .. Il - Il - 1 5 8 - 12 - 23 

points , whic h were less tha n 60 d ays a part. Shrink age 
ranges from about 1f4 to 1 n m pe r min (1/4 to 1 mIcro· 
inch per inch) over 3+ year pe riod. 

TABLE 3. IndividuaL Length changes ill millifri nges 

Cornin ;! Cod e 7971, Press ure 

Days 0-6 45 118 372 730 1192 Ll 

Sa mpl e: 
D-2- 7* . ... . . .. . ... . 35 18 6 - 27 - 31 - 3 - 38 

II .... .... . . .... 33 12 9 - 14 - 22 - ]5 - 48 
13* ... ... ....... 17 20 4 - 7 - 23 - Il - 28 
15* ... . .. . ..... - 6 Il - 6 18 - 5 - 9 - 3 
16 . . . . . . . . . . . . . . 31 50 14 - 21 - 43 - 30 - 61 

Ave rage . . . . . . . . . . . 22 22 5 - 10 - 25 - 14 - 36 

547 



TABLE 3. Individual length changes in millifringes-Continued TABLE 4. Individual length changes in millifringes-Continued 

Corning Code 7971 , Temperature Corning Code 7940, Temperature 

Days 0 42 117 367 833 1182 t. Days 0 34 132 372 739 1213 t. 

Sample: Sample: 
0-3-7* ..... . .. ..... . -4 0 1 - 5 -7 14 18 C-4-7 .. .... .... .. . .. 28 36 19 -23 .-33 -26 -54 

8* ........... . .. - ]2 1 - 12 6 -3 20 32 9* .... ........ . 23 23 7 -16 -16 -20 -43 
9* o • • • • • • • • • • • • 3 4 - 1 9 2 - 14 -17 11 * .... ... ..... .. -17 30 5 0 -10 -5 12 

ll* . . . . . . . . . . . . . 10 5 -14 7 4 -10 -20 13 ... . ........... 21 33 -13 - 7 -7 - 26 -47 
15* ... .. .. .... . . 16 32 -8 - 9 -7 -23 -39 

Average. ...... - 1 2 -6 4 -1 2 + 3 17 .... . ..... . .... 45 47 20 -3 - 51 - 59 -104 
r---

Corninl' Code 7971, Ambient Average ....... . ........ 19 33 5 - 10 -21 - 26 - 45 

Days 0 48 157 280 370 732 1195 t. Corning Code 7940, Ambient 

Sample: Days 0-18 49' 162 370 734 I 1215 t. 
0-1-7* .... 15 20 -11 -6 -9 -15 7 -8 

8* .... 19 9 0 - 5 -2 -8 -10 -29 Sample: 
9 ..... . 60 18 0 3 -17 -25 -38 -98 C-2-7* .... .... . .. . . 1 3 -2 15 -17 0 -1 

12 ...... 60 17 -5 -15 -18 -19 -17 -77 8* ..... ......... 36 9 -3 -12 -41 11 -25 
13 ...... 42 0 0 - 7 - 15 - 7 - 10 ~52 11 ...... ......... 31 29 -1 -19 -28 -13 -44 
15 ... ... 70 3 - 6 -10 -15 -14 -25 -95 12 ...... ... . ..... 23 41 5 1 -41 -27 -50 
17 ...... 69 9 -12 0 -26 -19 -18 - 87 13* ........ . ...... 8 2 -12 33 - 22 -11 -19 

15* .... ... ... ... 15 34 -8 7 -23 -23 - 38 
Average ....... 48 11 -5 -6 -15 -14 -16 - 64 16* .... ........ . 6 2 2 14 -21 -3 -9 

17 ..... .. .. .. .. .. 27 37 -15 4 -33 -19 - 46 
Cominl! Code 7971 , Ambient r---

Average ....... ... ...... 18 20 -4 5 -28 - 11 -29 
120 245 

Days 0-40 190 310 375 730 1125 t. Corning Code 7940, Ambient 

Sample: 120 245 
0-2-6* ...... . ..... . 10 -2 3 - 4 2 - 9 -19 Days 0-40 190 310 375 730 1125 t. 

]0 ............... 32 - 5 - 9 2 3 -22 -54 
14 ...... ... ...... 4 4 23 54 - 35 -50 -54 Sample: 

0-1-6* ....... ..... 14 - 9 -3 10 0 - 13 -27 C-2-6* .... .. ... .... . 6 7 -8 3 1 -6 - 12 
10 ............. .. 30 - 2 7 2 - 7 -28 -58 10* .. . . ......... 23 -11 2 8 -4 - 18 -41 

0-3-6* .. ..... ..... 8 -8 6 - 13 5 5 -3 C-3-1O ............ .. 22 9 3 -10 20 -45 -67 
10* .............. -13 8 8 24 -5 -22 -9 14 .. . .......... . 39 0 -14 -10 7 -24 -63 
14* ...... . .. ... - 25 -37 25 17 23 - 5 20 C-4-6 .... . .. ... ..... 24 -5 8 7 -2 -29 -53 

10* .............. -10 - 13 17 12 5 - 9 1 
Average . ....... ....... 8 - 6 8 12 - 1 - 18 - 26 r---

Average ..... . .......... 17 -2 1 2 4 -22 -39 

TABLE 4. Individual length changes in millij"ringes TABLE 5. Individual Length Changes in Millifringes 

Corning Code 7940, Pressure 
Corning Code 9622, Ambient 

Days 0 31 129 371 730 1182 t. 
Days 0-18 42-124 270 381 487' 685 1125 t. 

Sample: 
Sample: 

E-1-7. .... 50 30 12 6 -20 -20 -55 -105 
C-3-7 ..... ... . ..... . 44 29 - 17 -19 -18 -19 -63 8 ..... . 51 25 13 4 - 15 - 28 -47 -98 

8 . ....... . ..... . 69 59 -40 - 34 -31 -23 -92 9 ...... 51 31 12 -5 -18 -26 -45 - 96 
9 ...... ........ . 66 42 -37 -29 - 35 -9 -75 11 .. .... 54 39 14 4 -26 -36 -51 - 105 

11 ............... 36 29 -41 -2 - 10 -9 -45 12 ..... . 48 27 23 2 - 23 -30 -44 - 92 
12. ...... . ..... . 91 62 -10 - 44 -63 -38 -129 13 ...... 56 17 -8 16 -18 -19 -42 - 98 
13* .. 35 31 -29 -10 -34 5 - 30 15 ...... 60 12 5 10 - 24 -42 -23 - 83 
15 ............. .. 31 32 -1 - 7 -33 -20 -51 16 ...... 52 19 9 10 -23 -21 - 46 -98 
16* .. ... . ....... 6 0 11 - 11 -20 14 8 17 ... . .. 51 8 5 -4 -11 -18 -34 -85 

-

Av erage ............ .. .. 47 36 - 21 -20 -31 - 12 - 59 Average ..... . . 53 23 9 5 -20 -27 -43 - 96 
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Numbe r 
of Ave ra ge Tot a l C ha nge Ra nge of % % 

Sa mpl es in Mi llifringes I ndi vidua ls < 40 III f > 80 1111' 

Cu rn ng Code 9623 .... 33 - 28 
Corn ng Code 797] ........ 24 -34 
Corn ng Code 7940 .... 28 - 44 
Corn ng Code 9622 ..... .. . 9 - 96 

Th e Code 9622 show s th e greatest average shrink age 
but indicates ex tre mely uniform and more nearly pre ­
di ctable p erforman ce. Fi gure 1 s hows the average 
deviation of th e nine blocks about th eir means as a 
fun ction of time. The ave rage indi vidual variation about 
the average is on ly ± 12 mf. Th e c urve is based upon 
shrink age in any year bein g 58 perce nt of the previous 
year's shrinkage. 

+5 0 + 53/ 

-50 -

4 
YEARS 

FI GU RE 1. Code 9622 - o /Je rage length versus time. 

In tables 2 through 5, the Ll column is simply th e 
3-year value minu s the time ze ro value. The asterisks 
denote tho se sa mples whose Ll is about 40 mf or less. 
Of the 94 samples, 52 are in thi s catego ry of being quit e 
stable. However , 32 of th ese have a Ll of 20 mf or less. 
These samples, the refore, exhibit dime nsional stability 
to something less than 0.07 ppm/ ye ar. Sixteen of these 
32 blocks are Corning Code 9623 glass-ce ramic. 

5. Conclusions 

The con clu sions to be drawn are: 
(1) Ab out half of th ese samples exhibit length 

stability at leas t as good as 0.4 ppm for 3 years. About 
40 pe rcent are be tter than 0.3 ppm , about the precis ion 
of the ex p erim ent. 

(2) Oth er samples, notably Code 9622 mate rial , may 
shrink as mu c h as 1 ppm in 3 years. 

6. Statistical Analysis 

A two-part , s tati s ti cal analys is of the data was made 
by standard techniques. The first part was a test of th e 

(- 24) + 24 to - 120 76 6 
(- 29) +32 to - 98 58 12 
(-41) + 12 to - 129 46 II 
(-81) - 81 to - ISO 0 100 

co ntributions made by ba ro metri c press ure, te mpera­
ture a nd humidity to th e observed variation in le ngth . 
If one meas ures th ese three atomosphe ri c pa ra mete rs 
exactly and corrects precisely for optical path and th er­
mal ex pansion , the n the re would be no significant 
contribution to th e observed le ngth . 

In many in stan ces, howeve r, thi s was not th e case . 
The followin g table li sts the co nfid e nce le vel at whi ch 
we can say th at barometri c press ure, or te mperature, 
or humidity explain s a signifi cant portio n of th e vari­
a nce in length . (Cases less th a n 90% confide nt a re not 
included) . 

Baro. Press. T e mp. Humi di t y 

9623 (p ress ure e nvironme nt ) .. 1 

7940 (press ure e nviron me nt ) .. 
9623 (te mp. cyc ling) ... 
7940 (te mp. cycling) 
7940 (a mbi e nt ) ............... ". 
7971 (a mbi e nt ) .. . 
9622 (a mbie nt ) .. . 

90% 
90% 

99% 

95% 

95% 
90% 

99 % 

90 % 

"89% 

a Code 9622 sho wed a la rge tim e·de pe nde nt s hrink age. Th ese 
va lu es fi t severa l mathe ma tica l equation s quit e we ll. Th e res idu als 
from th e bes t·fittin g c urve - i.e., subtrac ting o ut the time·de pe ndent 
le ngth c hange - we re the n tes te d in th e sa me man ne r fur co ntribu · 
tions by ba rome tri c press ure, te mperature. and humidit y. At th e 
89 percent le ve l of confid e nce, humi di ty was ma king a signifi ca nt 
co ntributio n to thi s res idu a l le ngth var ian ce'. The equa tion of th e 
form t!.L = ae - bl acco unt ed for 88. 1 percent of the le ngth va ri ati on 
with tim e. 

Th e re appears to be neithe r a co nsiste nt measure ­
me nt e rror, nor a fix ed correc tion e rror. There is, 
however , adequate suspi cion to e nco urage one to make 
such meas ure ments in vacuum. In thi s way, a ll of the 
pressure, humidity, and te mpe rature co ntribution s to 
the refractive index would be eliminated - only a very 
slight (for th ese material s) th e rm al expansion effec t 
would rem ain . 

The second part of th e stati s ti cal analysis was an 
analysis of variance with chan ge in le ngth as the 
de pendent variable, and materi al, e nvironme nt , side 
fini sh , and orientation, as the inde pe nde nt va ri ab les . 

6.1. Material 

At th e 99.4 pe rcent leve l of s ignificance the re is a 
differe nce among the four materi als. Whe n the 
Code 9622 glass-ceramic is excluded , thi s drops to 
77.5 percent-that is probably no signifi cant differe nce. 

6.2. Code 7971 Titanium Silicate 

At the 92.4 percent le vel of s ignificance, us ing data 
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from all environments and all side fini shes, there is a 
difference due to the ori e ntation of the gauging dim e n­
sion in the original boule of gJas s_ Those with the 
gauging dime nsion parallel to the axis of the boule 
showed the greates t shrinkage_ 

This significance may be appearing high er than it 
really is , due to moderate interaction between side 
finish and environment which showed up on a two-way 
analysis of variance_ When orientation was tested , 
using only data from an ambient environment and acid 
relieved side fini sh , the signifi cance dropped to 79.1 
percent. 

6_3. Code 9623 Glass-Ceramic 

At the 99.7 percent leve l of significance, the re is a 
difference due to s ide fini sh , that is, so me of the blocks 
had the nongauging surfaces po li shed , or acid re lieved , 
or left as ground. The polished samples showed greatest 
shrinkage. 

At the 98.9 percent leve l of significance, the re is a 
differe nce due to e nvironm e nt. The temperature 
cycling environment s howed th e greatest shrinkage. 

6-4- Code 7940 Vitreous Silica 

Orientation, s ide fini sh , and environme nt had no 

signifi cant effect upon the dimensional stabilit y of 
Code 7940 glass. 

6.5 . Code 9622 Glass-Ceramic 

On ly orientation could be teste d and it proved to be 
probably not significant - 79.2 pe rcent leve l. 

The original experim e nt was not designed to fully 
characterize the effects of the numerous variations of 
fini sh , e nvironment , and orientation. The majority of 
sam ples were acid-relieved and stored at ambient te m­
perature. This left very few samples, due to economic 
considerations, in the other possible co mbination s. For 
this reason, and because of the apparent interaction 
between some of the variables, the summary just given 
might bette r be used with some degree of caution. 

I am indebted to many people at th e National Bureau 
of Standards, but the work would not have gotten done 
without th e unfailing assistance of Clyde Tucker, who 
pati ently shot and reshot many thousands of 
interferograms. 

(Paper 79A4-857) 
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